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Abstract
Objective Multiple guidelines have been published for appropriate imaging in patients with ankle-related symptoms which 
suggest radiographs as the initial imaging examination for both acute and chronic ankle abnormalities. Few studies have 
evaluated adherence to these imaging guidelines. This study retrospectively evaluated the utilization of ankle MRI and pre-
ceding radiographs based on ordering provider group and MRI indication.
Materials and methods A total of 4186 ankle MRIs performed over a 9-year period at a single institution were evaluated 
for the presence of preceding ankle and/or foot radiographs at two time points, within 3 months and within 6 months of the 
MRI examination. Ankle MRIs were then categorized based on 6 ordering provider groups and 13 MRI indications.
Results Of the 4186 MRIs evaluated, 68% had preceding radiographs within 3 months and 77% had radiographs within 6 
months. Primary care, sports medicine, and podiatry had the lowest rates of preceding radiographs (73%, 68%, and 64%, 
respectively, within 6 months). Eighty-six percent of ankle MRIs ordered by orthopedic surgery had preceding radiographs 
within 6 months and 89% of ankle MRIs ordered by emergency medicine and inpatient providers had preceding radiographs. 
MRIs intended for evaluation of Achilles tendon or plantar fascia abnormalities were among the least likely indications to 
have preceding radiographs.
Conclusion Based on established clinical guidelines, there was a lower-than-expected rate of obtaining preceding radiographs 
for ankle MRIs among most provider groups, particularly non-orthopedic outpatient providers. Additional research is needed 
to address the lack of adherence to clinical imaging guidelines and ensure appropriate imaging.
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Introduction

Musculoskeletal disorders of the ankle are a common cause 
of disability and pain, with an estimated prevalence of ankle 
pain in the general adult population of 9 to 15% [1]. Patients 
with ankle-related symptoms often present to a wide range 
of specialties, including primary care, orthopedic, and emer-
gency medicine providers. Following history and physical 
examination, imaging is commonly employed to assist in 
the diagnosis and management of ankle symptomatology.

Beginning with the Ottawa ankle rules in 1996, clini-
cians have been provided multiple resources on appropriate 

imaging in patients with ankle-related symptoms [2]. In 
2000, the American College of Radiology (ACR) published 
Appropriateness Criteria for imaging acute and chronic 
ankle symptoms, recommending ankle radiographs as 
the initial imaging exam for both acute and chronic ankle 
symptoms [3, 4]. These guidelines rate ankle MRI as a 
“usually not appropriate” initial test and reserve MRI for 
patients requiring further evaluation following radiographs. 
Similarly, the Ottawa ankle rules and the more recent 2018 
Choosing Wisely recommendations from the Pediatric 
Orthopedic Society of North America suggest radiography 
as the initial best test when imaging is indicated [5]. The 
rationale is that radiographs may provide all the diagnostic 
imaging information needed for appropriate management, 
potentially eliminating the need for more costly subsequent 
imaging. Preceding radiographs are often useful correlates 
when interpreting MRI, because findings such as small 
ossific fragments, calcifications, and osseous matrix may 
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be more apparent on radiography [6]. MRI may be helpful 
in a variety of circumstances, but generally only after initial 
radiographs are performed.

Few studies have examined the adherence to appropriate 
imaging algorithms in clinical practice for musculoskeletal 
conditions. One study focused on quantifying adherence to 
the ACR Appropriateness Criteria for nontraumatic knee 
pain found 43% of knee MRIs ordered at their institution had 
a “usually not appropriate” rating [7]. A small retrospective 
study by Gross in 2017 suggested significant lack of adher-
ence to accepted imaging algorithms, with only 67.9% of 
ankle MRIs performed with preceding radiographs [8]. A 
larger study focused on knee and shoulder MRI utilization 
in the Medicare population found only 72% of knee MRIs 
and 63–65% of shoulder MRIs were performed with recent 
radiographs [9]. They estimated the expense of these poten-
tially unwarranted MRIs to be between $20 and 35 million.

The purpose of this study was to retrospectively evalu-
ate the utilization of ankle MRI and preceding radiographs 
based on physician ordering group and MRI indication. We 
hypothesized that a substantial percentage of ankle MRIs 
were obtained without preceding ankle or foot radiographs, 
and therefore discordant with appropriate imaging guide-
lines, including those from the ACR.

Methods

Design and patient criteria

Our institutional review board approved a retrospective 
review of non-contrast ankle MRIs and associated radio-
graph reports performed at a single large academic health 
center from 2011 to 2019. The requirement to obtain consent 
was waived. We used a radiology data-mining system (Mon-
tage; Montage Healthcare Systems, Philadelphia, PA, USA) 
to identify all non-contrast ankle MRIs performed between 
January 1, 2011, and December 31, 2019, excluding prison-
ers and patients ≤ 5 years of age. Patients ≤ 5 years of age 
were excluded as they are specifically excluded from the 
ACR Appropriateness Criteria for ankle imaging.

Ankle MRIs were assessed for the presence or absence 
of preceding radiographs, including those of the ankle, 
calcaneus, or foot, initially using the radiology data-min-
ing system followed by review of the imaging archive sys-
tem and electronic medical record. Preceding radiographs 
were evaluated at two time points, within 3 months and 
within 6 months of the ankle MRI examination. Individual 
electronic medical records were also reviewed for docu-
mentation of preceding radiographs performed at outside 
facilities. Ankle MRIs were excluded from our analysis 
in cases where it was unknown or unclear if preceding 

radiographs were performed. This largely included out-
side referrals that lacked documentation in our electronic 
medical record.

A board-certified musculoskeletal radiologist with 9 years 
of experience and two radiology residents then analyzed 
the radiology reports to categorize the physician ordering 
groups and provided MRI indications, with all exams evalu-
ated by at least two reviewers.

Ordering providers were categorized under 6 different 
groups—primary care (internal medicine, family medicine, 
and pediatric clinicians), orthopedic surgery, sports medi-
cine (non-surgical), podiatry, inpatient/emergency medicine 
providers, and others not fitting into these categories (neu-
rology, rheumatology, etc.).

MRI indications were classified under 12 different cat-
egories based on the primary ankle MRI indications outlined 
in the practice parameters collaboratively developed by the 
American College of Radiology, Society of Pediatric Radi-
ology, and Society of Skeletal Radiology [10]. Each MRI 
examination was designated a maximum of two indications. 
For exams that did not fit easily into these 12 categories, 
such as a provided indication of nonspecific pain, we created 
a category of “unexplained pain/swelling or other etiolo-
gies.” Due to their infrequency, this category also included 
very uncommon indications evaluating congenital, neuro-
logic, and synovial conditions.

Statistical analysis

Proportions of categorical variables were compared with 
use of the Pearson chi-square test. Means were compared 
with two-tailed, unpaired t tests. In the comparison of MRI 
indication and presence of preceding radiographs, individual 
chi-square tests were performed for each MRI indication. All 
statistical calculations were performed with use of Stata 16 
(StataCorp, College Station, TX) with the level of signifi-
cance set at p < 0.05. Ninety-five percent confidence inter-
vals were calculated for each provider group.

Results

A total of 4343 MRIs were performed at our institution over 
the 9-year period. One hundred fifty-seven of these exami-
nations were excluded from the analysis due to uncertainty 
of preceding radiographs following review of the medical 
record and imaging archive system. Of the remaining 4186 
qualifying examinations, 2865 (68%) had preceding radio-
graphs within 3 months of the ankle MRI and 3209 (77%) 
had preceding radiographs within 6 months.

The radiographs group at 3 months had an average age 
of 45.1 years, while the no radiographs group had an aver-
age age of 45.9 years (Table 1). The radiographs group at 6 
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months had an average age of 45.2 years and the no radio-
graphs group had an average age of 45.3 years (Table 2). 
Sex did not significantly differ between the radiographs and 
no radiographs groups at either time point. A total of 59.6% 
of all patients were female and the average age in years 
for all patients was 45.3 +/− 17.7 (Table 1). Overall, MRI 
utilization increased over time, and, in more recent years 
(2017–2019), a higher proportion of MRIs was performed 
with preceding radiographs for both time points (Fig. 1).

The majority of all ankle MRIs were ordered by primary 
care and orthopedic surgery, 42% and 37%, respectively 
(Table 3). Primary care, sports medicine, podiatry, and 

“other” providers all obtained radiographs less than 75% of 
the time prior to ordering ankle MRIs at both time points 
(67%, 55%, 52%, and 56%, respectively, within 3 months and 
73%, 68%, 64%, and 70%, respectively, within 6 months). 
Inpatient and emergency department providers ordering 
ankle MRIs had preceding radiographs for 89% of patients 
at the 3-month and 6-month time points. When looking at 
orthopedic surgery, there were preceding radiographs for 
77% of ankle MRIs within 3 months of the exam and 86% 
within 6 months. Among all non-orthopedic providers com-
bined, 63% of ankle MRIs had preceding radiographs within 
3 months (p < 0.01) and 71% within 6 months (p < 0.01).

Table 1  Comparison of patient 
demographics according 
to presence of preceding 
radiographs within 3 months

Radiographs (N = 2865) No radiographs (N 
= 1321)

Total (N = 4186) p-value

Sex 0.65
  Female 59.9% (1717) 59.2% (782) 59.7% (2499)
  Male 40.1% (1148) 40.8% (539) 40.3% (1687)

Mean age +/− std 
dev (yr.)

45.1 +/− 17.7 45.9 +/− 17.5 45.3 +/− 17.7 0.16

Table 2  Comparison of patient 
demographics according 
to presence of preceding 
radiographs within 6 months

Radiographs (N = 3209) No radiographs (N = 977) Total (N = 4186) p-value

Sex 0.90
  Female 59.6% (1914) 59.9% (585) 59.7% (2499)
  Male 40.4% (1295) 40.1% (392) 40.3% (1687)

Mean age+/− 
std dev (yr.)

45.2 +/− 17.7 45.7 +/− 17.5 45.3 +/− 17.7 0.44

Fig. 1  MRI examinations over 
time according to presence of 
preceding radiographs

2011 2012 2013 2014 2015 2016 2017 2018 2019

Within 3 months 67% 66% 62% 62% 67% 67% 73% 77% 75%

Within 6 months 75% 73% 71% 71% 74% 77% 80% 84% 84%
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The most common ankle MRI indications were for the 
evaluation of “ligament injury, sprain, or instability,” “mar-
row abnormalities, fracture, or acute trauma,” “Achilles ten-
don abnormalities,” and “unexplained pain/swelling or other 
etiologies” (Table 4). Only 45% of MRIs ordered for the 
evaluation of the plantar fascia had preceding radiographs 
within 3 months, and 57% had radiographs within 6 months. 
Similarly, only 51% of MRIs ordered for the evaluation of 
Achilles tendon abnormalities had preceding radiographs 

within 3 months and 59% had radiographs within 6 months. 
Although no indications were significantly less likely to 
obtain preceding radiographs at either time point, most indi-
cations did not exceed 80% at 6 months.

Discussion

Our study demonstrated preceding radiographs were 
obtained for 77% of qualifying ankle MRIs within 6 months 
of the exam. The majority of ordering groups demonstrated 
relatively low rates of obtaining radiography initially, par-
ticularly among non-orthopedic providers. Inpatient and 
emergency medicine providers were the exception to this 
practice, having radiographs prior to MRI in 89% of cases. 
We believe this is due to the comparatively decreased 
availability of musculoskeletal MRI in the emergency and 
inpatient settings at our institution and the majority of 
emergency/inpatient care at our institution following a stand-
ardized trauma workflow starting with radiography.

This study was the largest evaluation of radiography prior 
to ankle MRI to our knowledge. Our rate of 77% of ankle 
MRIs performed with preceding radiographs is slightly 
higher than previous studies focused on musculoskeletal 
MRI of various joints, which have ranged from 60 to 72% 
[7–9, 11]. Many studies have reported their rates of obtain-
ing radiographs by comparing non-orthopedic and ortho-
pedic providers. In our study, correlating rates of obtaining 
radiographs within 6 months were 71% for non-orthopedic 
providers and 86% for orthopedic providers.

We chose to include patients who underwent either pre-
ceding ankle or foot radiographs as being compliant with 
national imaging guidelines. We wanted to ensure that we 

Table 3  Comparison within ordering groups according to presence of 
preceding radiographs

Ordering group Radiographs 
within 3 
months 
% within row
95% CI

Radiographs 
within 6 
months 
% within row
95% CI

Primary care (N = 1742) 67% 73%
64–69% 71–75%

Orthopedic surgery (N = 1530) 77% 86%
75–80% 84–87%

Sports medicine (N = 456) 55% 68%
51–60% 64–73%

Podiatry (N = 306) 52% 64%
46–58% 58–69%

Inpatient/emergency medicine (N 
= 65)

89% 89%

79–96% 79–96%
Other (N = 87) 56% 70%

45–67% 59–79%
Total (N = 4186) 68% 77%

67–70% 75–78%

Table 4  Comparison of MRI 
indication according to presence 
of preceding radiographs

*Individual chi-square tests performed for each MRI indication at each time point

MRI indication (% of all indications) % Radiographs within 3 
months (p-value)

% Radiographs 
within 6 months 
(p-value)

Marrow abnormalities, fracture, or acute trauma (11%) 82% (< 0.01) 87% (< 0.01)
Ligament injury, sprain, or instability (17%) 78% (< 0.01) 85% (< 0.01)
Osteochondral lesion (9%) 74% (< 0.01) 84% (< 0.01)
Peroneal tendon abnormality (5%) 70% (< 0.01) 80% (< 0.01)
Unexplained pain/swelling or other etiologies (22%) 69% (< 0.01) 78% (< 0.01)
Posterior tibialis tendon abnormality (6%) 69% (< 0.01) 77% (< 0.01)
Abnormality of other ankle tendons (3%) 69% (< 0.01) 75% (< 0.01)
Impingement (2%) 68% (< 0.01) 73% (< 0.01)
Tumor/infection (2%) 67% (< 0.01) 69% (< 0.01)
Arthritis or alignment abnormality (3%) 66% (< 0.01) 80% (< 0.01)
Pre-/post-operative evaluation (6%) 61% (< 0.01) 73% (< 0.01)
Achilles tendon abnormality (11%) 51% (0.61) 59% (< 0.01)
Plantar fascia abnormality (3%) 45% (0.27) 57% (0.08)
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captured ankle MRIs ordered for the evaluation of condi-
tions such as hindfoot arthritis, Achilles tendon symptoms, 
or plantar fascia abnormalities that might have preceding 
foot radiographs but not ankle radiographs. We believe foot 
radiographs are often an adequate initial evaluation of these 
conditions and dedicated ankle radiographs may not be 
warranted. Despite the inclusion of foot radiographs, MRIs 
intended for the evaluation of Achilles tendon and plantar 
fascia abnormalities had the lowest rates of obtaining pre-
ceding radiographs at both time points. This trend may be 
due to the perceived limited evaluation of these structures 
with radiography.

Ankle MRIs for the evaluation of “ligament injury, 
sprain, or instability,” “marrow abnormalities, fracture, or 
acute trauma,” osteochondral lesions, abnormalities of the 
peroneal and “other” ankle tendons, arthritis and alignment 
abnormalities, and “unexplained pain/swelling or other eti-
ologies” were more likely to have preceding radiographs, all 
at rates greater than 80% within 6 months of the ankle MRI. 
While this is an improvement compared to other indications, 
we still consider this a relatively low rate of obtaining radio-
graphs considering that many of these abnormalities can be 
adequately evaluated initially with radiographs, followed by 
advanced imaging such as CT or MRI if necessary.

When utilized appropriately, ankle MRI can make a dra-
matic impact on patient diagnosis and management [12–14]. 
However, we emphasize that radiographs remain the first 
recommended imaging modality in the evaluation of acute 
and chronic ankle symptoms as many diagnoses can be made 
with radiographs alone [3, 4]. In instances where an MRI 
is clinically warranted regardless of radiographic findings 
(such as primarily soft tissue injury), we maintain that radio-
graphs may still assist in the interpretation of these MRIs.

Prior studies have demonstrated inappropriate use of 
imaging for musculoskeletal conditions and have suggested 
low adherence to imaging guidelines [7–9, 11, 15–22]. Sev-
eral studies have suggested potential reasons for inappropri-
ate imaging utilization, including level of provider experi-
ence, specialty type, low awareness of appropriate imaging 
recommendations, lack of emphasis in initial medical train-
ing, and increasing availability/demand of advanced imag-
ing [23–27]. The increasing integration of imaging clinical 
decision support tools into electronic medical records may 
help improve appropriate imaging at the institutional level 
[28]. However, due to the multifactorial nature of this com-
plex issue, further development of these support tools would 
ideally incorporate individual patient characteristics into the 
imaging recommendations [29].

Our study evaluated for the presence of preceding radio-
graphs at two time points, within 3 months and within 6 
months of the ankle MRI. To our knowledge, no estab-
lished guidelines comment on the optimal timing for pre-
ceding radiographs. Previous studies focused on preceding 

radiography for musculoskeletal MRI of various joints have 
varied widely on this topic. One study evaluated for radio-
graphs within 90 days, two studies evaluated for radiographs 
within 6 months, and one study evaluated for radiographs 
within 12 months [7–9, 11]. While the optimal timing of 
preceding radiography will depend on the individual clini-
cal scenario, an established guideline may be helpful for 
both ordering providers and radiologists to determine when 
updated radiographs should be obtained prior to MRI.

We recognize our study has limitations. While we 
attempted to account for patients who underwent imaging at 
outside institutions, we ultimately excluded 157 ankle MRIs 
where it was unclear when or if preceding radiographs were 
performed due to insufficient available documentation. This 
represented a small proportion of the examinations at less 
than 4% and likely would not significantly alter our results. 
As a single large academic center, the MRI ordering prac-
tices we encountered may not be reflective of practice in 
different clinical settings. Our study spanned across multiple 
revisions of the ACR Appropriateness Criteria, as there were 
minor revisions of the acute imaging guidelines in 2015 and 
of the chronic imaging guidelines in 2018. Despite these 
revisions, however, these guidelines have maintained that 
ankle radiographs are the best initial imaging exam. In addi-
tion, while the Choosing Wisely recommendations have 
been in place since 2012, specific guidelines pertaining to 
radiography and MRI of the ankle were not published until 
early 2018.

Our study did not attempt to analyze the findings of the 
ankle MRIs or determine whether the findings affected 
clinical management, as this was beyond the scope of our 
hypothesis. Further research in this area may assist in refin-
ing physician ordering guidelines and determining which 
ankle MRI indications may or may not benefit from preced-
ing radiographs and/or ankle MRI.

As the utilization of MRI increases, we must ensure that 
we recommend and perform appropriate imaging. Imaging 
guidelines supported by national organizations including 
Choosing Wisely and the ACR Appropriateness Criteria 
should be a commonly used resource for radiologists and 
ordering physicians. Further research is needed to determine 
effective interventions for improving appropriate imaging 
utilization.

Acknowledgements The authors would like to thank Drs. Felix Wong 
and Dani Sarohia for their contributions to the initial study design and 
critical review of the manuscript.

Declarations 

Ethics approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

2267Skeletal Radiology (2022) 51:2263–2268



1 3

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide 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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Murray C, Marshall M, Rathod T, Bowen CJ, Menz HB, Roddy 
E. Population prevalence and distribution of ankle pain and symp-
tomatic radiographic ankle osteoarthritis in community dwelling 
older adults: a systematic review and cross-sectional study. PLoS 
ONE. 2018;13(4).

 2. Stiell I. Ottawa ankle rules. Can Fam Physician. 1996;42:478–80.
 3. Smith S, Chang E, Ha A, et al. ACR Appropriateness Criteria® 

Acute trauma to the ankle. Available at <https:// acsea rch. acr. 
org/ docs/ 69436/ Narra tive/>. American College of Radiology. 
Accessed 27 Dec 2021.

 4. Chang E, Tadros A, Amini B, et. al. ACR Appropriateness Cri-
teria® Chronic ankle pain. Available at <https:// acsea rch. acr. 
org/ docs/ 69422/ Narra tive/>. American College of Radiology. 
Accessed 27 Dec 2021

 5. American Academy of Pediatrics. Do not order advanced imag-
ing studies (MRI or CT) for most musculoskeletal conditions in 
a child until all appropriate clinical, laboratory and plain radio-
graphic examinations have been completed. Section on Ortho-
paedics and the Pediatric Orthopaedic Society of North America. 
Choosing Wisely®. 2018. Available at < https:// www. choos ingwi 
sely. org/ clini cian- lists/ aap- posna- mri- or- ct- for- muscu loske letal- 
condi tions- in- child ren/>. Accessed 27 Dec 2021.

 6. Costelloe CM, Madewell JE. Radiography in the initial diagnosis 
of primary bone tumors. Am J Roentgenol. 2013;200(1):3–7.

 7. Gonzalez FM, Kerchberger JM, Robertson DD, et al. Knee MRI 
primary care ordering practices for nontraumatic knee pain: com-
pliance with ACR appropriateness criteria and its effect on clinical 
management. JACR. 2019;16(3):289–94.

 8. Gross C, Palanca A, Chapin R. MRI utilization by orthopaedic and 
non-orthopaedic providers for acute or chronic ankle pain. 2017 
AOFAS Annu Meet Abstr. 2017;2(3):1.

 9. George E, Tsipas S, Wozniak G, et al. MRI of the knee and shoul-
der performed before radiography. JACR. 2014;11(11):1053–8.

 10. ACR, SPR, and SSR. ACR–SPR–SSR practice parameter for the 
performance and interpretation of magnetic resonance imaging 
(MRI) of the ankle and hindfoot. Available at <https:// www. acr. 
org/-/ media/ ACR/ Files/ Pract ice- Param eters/ MR- Ankle HindF oot. 
pdf>. American College of Radiology, Society of Pediatric Radi-
ology, and Society of Skeletal Radiology. Accessed 27 Dec 2021.

 11. Wylie JD, Crim JR, Working ZM, Schmidt RL, Burks RT. Physi-
cian provider type influences utilization and diagnostic utility of 
magnetic resonance imaging of the knee. J Bone Joint Surg Am. 
2015;97(1):56–62.

 12. Anzilotti K, Schweitzer ME, Hecht P, Wapner K, Kahn M, Ross 
M. Effect of foot and ankle MR imaging on clinical decision mak-
ing. Radiology. 1996;201(2):515–7.

 13. Bearcroft PWP, Guy S, Bradley M, Robinson F. MRI of the ankle: 
effect on diagnostic confidence and patient management. Am J 
Roentgenol. 2006;187(5):1327–31.

 14. Tocci SL, Madom IA, Bradley MP, Langer PR, DiGiovanni CW. 
The diagnostic value of MRI in foot and ankle surgery. Foot Ankle 
Int. 2007;28(2):166–8.

 15. Small KM, Rybicki FJ, Miller LR, Daniels SD, Higgins LD. MRI 
before radiography for patients with new shoulder conditions. 
JACR. 2017;14(6):778–82.

 16. Lehnert BE, Bree RL. Analysis of appropriateness of outpatient 
CT and MRI referred from primary care clinics at an academic 
medical center: how critical is the need for improved decision 
support? JACR. 2010;7(3):192–7.

 17. Michelotti BF, Mathews A, Chung KC. Appropriateness of the 
use of MRI in the diagnosis and treatment of wrist ligamentous 
injury. Plast Reconstr Surg. 2018;141(2):410–9.

 18. Roberts TT, Singer N, Hushmendy S, et al. MRI for the evaluation 
of knee pain: comparison of ordering practices of primary care 
physicians and orthopaedic surgeons. JBJS. 2015;97(9):709–14.

 19. Solomon DH, Katz JN, Carrino JA, et al. Trends in knee magnetic 
resonance imaging. Med Care. 2003;41(5):687–92.

 20. Pompan DC. Appropriate use of MRI for evaluating common 
musculoskeletal conditions. Am Fam Physician. 2011;83(8):883.

 21. Emery DJ, Shojania KG, Forster AJ, Mojaverian N, Feasby TE. 
Overuse of magnetic resonance imaging. JAMA Intern Med. 
2013;173(9):823.

 22. Graves JM, Fulton-Kehoe D, Jarvik JG, Franklin GM. Health 
care utilization and costs associated with adherence to clinical 
practice guidelines for early magnetic resonance imaging among 
workers with acute occupational low back pain. Health Serv Res. 
2014;49(2):645–65.

 23. Hendee WR, Becker GJ, Borgstede JP, et al. Addressing overuti-
lization in medical imaging. Radiology. 2010;257(1):240–5.

 24. Bernardy M, Ullrich CG, Rawson JV, et al. Strategies for manag-
ing imaging utilization. JACR. 2009;6(12):844–50.

 25. Qaseem A, Alguire P, Dallas P, et al. Appropriate use of screening 
and diagnostic tests to foster high-value, cost-conscious care. Ann 
Intern Med. 2012;156(2):147–9.

 26. Salama GR, Sullivan C, Holzwanger D, Giambrone AE, Min 
RJ, Hentel KD. Improving care and education through a radiol-
ogy resident-driven clinical consultation service. Acad Radiol. 
2017;24(9):1175–81.

 27. Mizrahi DJ, Parker L, Zoga AM, Levin DC. National trends in 
the utilization of skeletal radiography from 2003 to 2015. JACR. 
2018;15(10):1408–14.

 28. Poeran J, Mao LJ, Zubizarreta N, et al. Effect of clinical decision 
support on appropriateness of advanced imaging use among phy-
sicians-in-training. AJR Am J Roentgenol. 2019;212(4):859–66.

 29. Bizzo B, Almeida R, Michalski M, Alkasab T. Artificial intelli-
gence and clinical decision support for radiologists and referring 
providers. JACR. 2019;16(9):1351–6.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

2268 Skeletal Radiology (2022) 51:2263–2268

http://creativecommons.org/licenses/by/4.0/
https://acsearch.acr.org/docs/69436/Narrative/
https://acsearch.acr.org/docs/69436/Narrative/
https://acsearch.acr.org/docs/69422/Narrative/
https://acsearch.acr.org/docs/69422/Narrative/
https://www.choosingwisely.org/clinician-lists/aap-posna-mri-or-ct-for-musculoskeletal-conditions-in-children/
https://www.choosingwisely.org/clinician-lists/aap-posna-mri-or-ct-for-musculoskeletal-conditions-in-children/
https://www.choosingwisely.org/clinician-lists/aap-posna-mri-or-ct-for-musculoskeletal-conditions-in-children/
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-AnkleHindFoot.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-AnkleHindFoot.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MR-AnkleHindFoot.pdf

	Ankle MRI and preceding radiographs: an evaluation of physician ordering practices
	Abstract
	Objective 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Design and patient criteria
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


