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BACKGROUND: Although previous research has demon-
strated high rates of inappropriate diagnostic imaging,
the potential influence of several physician-level charac-
teristics is not well established.
OBJECTIVE: To examine the influence of three types of
physician characteristics on inappropriate imaging: expe-
rience, specialty training, and self-referral.
DESIGN: A retrospective analysis of over 70,000 MRI
claims submitted for commercially insured individuals.
Physician characteristics were identified through a combi-
nation of administrative records and primary data collec-
tion. Multi-level modeling was used to assess relationships
betweenphysician characteristics and inappropriateMRIs.
SETTING: Massachusetts
PARTICIPANTS: Commercially insured individuals who
received an MRI between 2010 and 2013 for one of three
conditions: low back pain, knee pain, and shoulder pain.
MEASUREMENTS:Guidelines from the AmericanCollege
of Radiology were used to classify MRI referrals as
appropriate/inappropriate. Experience was measured
from the date of medical school graduation. Specialty
training comprised three principal groups: general inter-
nal medicine, family medicine, and orthopedics. Two
forms of self-referral were examined: (a) the same physi-
cian who ordered the procedure also performed it, and (b)
the physicians who ordered and performed the procedure
were members of the same group practice and the proce-
dure was performed outside the hospital setting.
RESULTS: Approximately 23% of claims were classified
as inappropriate. Physicians with 10 or less years of ex-
perience had significantly higher odds of ordering inap-
propriate MRIs. Primary care physicians were almost
twice as likely to order an inappropriate MRI as orthoped-
ists. Self-referral was not associated with higher rates of
inappropriate MRIs.
LIMITATIONS:Classification ofMRIswas conductedwith
claims data. Not all self-referred MRIs could be detected.
CONCLUSIONS: Inappropriate imaging continues to be a
driver of wasteful health care spending. Both physician
experience and specialty training were highly associated
with inappropriate imaging.
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INTRODUCTION

Diagnostic imaging now accounts for more than $100 billion
of US health care spending annually.1,2 At the same time, there
is much evidence that a substantial percentage of imaging
procedures are inappropriate because the procedure was not
indicated clinically. Prior studies point to rates of inappropriate
imaging in excess of 20% for musculoskeletal conditions and
prostate cancer.3–6

However, relatively little research has examined determi-
nants of inappropriate imaging. In this paper, we report results
from a study of inappropriate imaging with MRI relative to
several characteristics of ordering physicians—experience,
specialty training, and self-referral. For each of these charac-
teristics, there has been speculation, but relatively little firm
evidence, regarding their actual influence on inappropriate
imaging. Thus, while previous research has found that less
experienced physicians order relatively more diagnostic
tests,7–9 whether this translates into more inappropriate imag-
ing has not been well established. Similarly, physician spe-
cialty has been linked to higher rates of service utilization10

and some small-scale investigations suggest that physicians
are less likely to order inappropriate imaging for clinical con-
ditions in which they specialize.11,12 Regarding self-referral
imaging, which is generally defined as physicians referring
patients for imaging to facilities in which they or their partners
have financial interests,13 this type of arrangement has been
linked to higher rates of imaging utilization13–18 and also
higher frequencies of negative findings from imaging stud-
ies.19,20 However, little current research has examined the
central question of whether self-referral is, in fact, associated
with a higher likelihood of inappropriate imaging.

METHODS

Data and Study Sample

The primary data source was the Massachusetts All-Payer
Claims Database (APCD) from which we obtained all
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commercial health insurance claims for the years 2009
through 2013, including those claims paid as part of a Medi-
care supplemental health insurance policy and Medicare Ad-
vantage plans.
Physician data were obtained from several sources. One was

the Massachusetts Board of Registration in Medicine, which
provided information regarding a physician’s education and
training programs including graduation dates, hospital affilia-
tions, and practice location. Physician identifiers were available
in the form of National Provider Identifiers (NPI). Additional
data on physicians’ practice group affiliation came from health
plans. We obtained from several large health plans in Massa-
chusetts the names and practice locations of physicians who
were members of their plan networks. We used these data
sources along with Internet searches and phone calls to map
physicians to practices for obtaining details about their practice
setting including location and number of physician members.
For the study sample, we focused on imaging procedures

for three common clinical conditions: uncomplicated lower
back pain, non-traumatic knee pain, and non-traumatic shoul-
der pain.We chose these conditions because they are prevalent
among adults in the US, guidelines exist as to when imaging is
appropriate, and the associated imaging procedures are rou-
tinely performed at a variety of clinical settings.21–23 Figure 1
provides the relevant ICD-9 codes for the selected three clin-
ical conditions and also exclusion criteria for the sample that
included any one of 19 chronic conditions listed by the Cen-
ters for Medicare and Medicaid Services.24 The remaining
imaging claims (n = 71,694) provided the sample of patients
for the study.

Variables and Measures

In line with previous research, we defined the outcome vari-
able as whether an imaging procedure (i.e., MRI) was
appropriate/inappropriate.25 To classify imaging procedures
as inappropriate, we applied diagnostic imaging guidelines
developed by the American College of Radiology (ACR).26–
29 For uncomplicated lower back pain, the ACR guideline
recommends against imaging (both X-ray and MRI) unless
certain clinical factors are present including “red flag” indica-
tions (e.g., cancer) and prior medical management. This is
consistent with another guideline for lower back pain issued
jointly by the American College of Physicians (ACP) and the
American Pain Society (APS).30 For shoulder pain without
trauma, the ACR guideline recommends a routine X-ray as the
first choice for imaging with shoulder MRI indicated if the X-
ray results are inconclusive or pain is persistent. For knee pain
without trauma, the ACR guideline also recommends X-ray as
the first choice for imaging with kneeMRI indicated when the
X-ray results are inconclusive or indicate a joint effusion.
Our classification of imaging claims as inappropriate/

appropriate entailed two key steps (see Fig. 1). First, for each
patient for which an imaging claim was submitted between
2010 and 2013 (identified by CPT code for global or

professional component), we searched the claims database
for a preceding office visit that constituted the point at which
the imaging referral was made as indicated by a referral code.
We also searched for any prior claims for office visits and/or
physical therapy sessions that were submitted within
12 months of this office visit to flag patients who may have
had previous medical management for the relevant clinical
condition. Previous office visits alone suggest a patient had
sought care for the condition and may be on a treatment plan
even in the absence of billed physical therapy. For claims
occurring in 2010, we were able to search for prior evidence
of medical management with data from 2009.
Second, we determined whether each imaging claim oc-

curred within a time frame from the focal office visit such that
it would be unlikely that the patient could have underwent
some level of meaningful conservative treatment (i.e., unbilled
therapy or home exercise) before the imaging procedure was
performed. Clinical opinion varies as to the duration of such
conservative treatment but typically falls in the range of 4 to
8 weeks.31,32 Accordingly, we classified an MRI for uncom-
plicated lower back pain as inappropriate if the procedure
occurred within a 30-day window and there was no evidence
of prior office visits or billed physical therapy sessions. We
classified MRI imaging for non-traumatic knee or shoulder
pain as inappropriate if the procedure occurred within a 30-day
window without evidence of a previous X-ray, office visit, or
physical therapy claim.We also conducted sensitivity analyses
by expanding the window up to 60 days.
The key independent variables for physician characteristics

were experience, specialty training, and self-referral arrange-
ment. For physician experience, we subtracted the medical
school graduation year of the referring physician for each
claim from the year of submission for that claim. Physicians
were grouped into four categories beginning with 10 years or
less and ending with more than 35 years. Physicians were
classified by specialty as primary care (i.e., internal medicine,
family medicine), orthopedics, and other (i.e., small group
comprised largely of neurologists and surgeons). In the case
of musculoskeletal conditions, orthopedists would likely have
more specialized knowledge compared with other specialists
and possibly greater awareness of related imaging guidelines.
Although many patients see a primary care physician for such
conditions before being referred to an orthopedist, this is not
always the case particularly for those enrolled in Preferred
Provider Organization (PPO) plans where primary care refer-
rals are typically not required.
We identified self-referred imaging from patterns in the

imaging claims including the medical specialty and practice
affiliations of the physicians submitting the claims.13,33 We
identified two primary forms of self-referral arrangements.
One was when the same non-radiologist physician who or-
dered the procedure also performed it. A second form entailed
self-referral based on the presence of three criteria: (a) the
physician who ordered the imaging procedure and the physi-
cian who performed it were members of the same group

1662 Young et al.: Physician Characteristics and Inappropriate Diagnostic Imaging JGIM



practice (as indicated by practice name, location, and tax ID),
(b) the physician who performed the imaging procedure had
billed for imaging services at least three times during the last
12 months, and (c) the imaging procedure was performed
outside the hospital setting (i.e., office setting or imaging
center). We excluded from this second form of self-referral
arrangement claims that were submitted from large practices
(i.e., over 50 physicians) on the basis that financial incentives
to member physicians for imaging are likely to be diluted in
such settings given the size of the practice and thus not likely
to influence behavior.
Our analysis included control variables to account for po-

tentially confounding patient characteristics. We assigned
patients to one of several types of health plans (i.e., Health
Maintenance Organization (HMO), PPO, indemnity). HMO
plans often feature pre-authorization requirements and related
controls for expensive clinical services that some studies sug-
gest influence utilization for imaging services.34,35 For median
household income, a proxy for a patient’s financial resources
for covering deductibles and co-pays connected with imaging
procedures, we grouped patients by quartiles. For geographic
location, we grouped patients based on whether their residence
was located in the northeast, southeast, central, or western
regions of the state as this may account for some differences
in the availability of imaging technology. MRIs per person
have long been higher in the northeast region particularly
compared with those in the western region. In addition, we
accounted for whether the ordering physician had an affiliation
with a teaching hospital as participation in a teaching environ-
ment might offer enhanced exposure to imaging guidelines
and related clinical resources. The model also included indi-
cator variables for the year in which the claim was submitted.

Statistical Analysis

We conducted bivariate analyses using chi-square tests for
both global and specific comparisons regarding the physician
characteristics of interest. For multivariate analyses, we esti-
mated a logistic regression model for inappropriate MRI
claims performed from 2010 to 2013. We utilized a general-
ized linear mixed model with fixed effects for physician prac-
tices and random effects to account for the nesting of patients
by ordering physician.36 To determine the amount of variation
attributable to ordering physicians, we re-estimated the model
without fixed effects and computed the intraclass correlation
coefficients (ICC) for the physician and physician practice
levels.37–39

RESULTS

Table 1 presents characteristics of the physicians and patients
included in the study. Of the 71,694 claims that comprised the
study sample, 23.3% were classified as inappropriate. There
were 8,297 physicians who ordered at least oneMRI for which
we had an insurance claim.
Table 2 presents results for the bivariate analyses. The

global tests were statistically significant for experience (χ2 =
196.8; p < 0.001) and specialty training (χ2 = 279.9;
p < 0.001). The specific comparisons show that physicians in
the least experienced group had higher rates of inappropriate
imaging compared with physicians in the reference group (i.e.,
more than 10 to 25 years of experience). A higher rate was also
observed for physicians with more than 35 years of experi-
ence. For specialty training, both groups of primary care
physicians (i.e., internists and family physicians) as well as

Lower back Knee                                     Shoulder

Office visits with ICD-9 codes:
719.41, 719.51

2010 -- 2013
n= 324,628

Office visits with ICD-9 codes:
719.46, 719.56

2010 – 2013: 
n = 320,802

Office visits with ICD-9 codes:
724.2, 724.4

2010 -- 2013: 
n= 382,307 

Excluded: 

+Chronic 
condi�on 
< 18 years of age 
Pregnancy
Trauma
Prior surgery
Joint effusion
claim

Excluded: 

+Chronic 
condi�on 
< 18 years of 
age 
Pregnancy
Trauma
Prior surgery
Joint effusion 

*MRI referrals:

n = 16,776.

*MRI referrals:

n = 24,376
*MRI referrals:

n = 30,542

Inappropriate Claims

MRI within 30 days of visit.
No prior claims for medical management or physical 
therapy.

Excluded:

+Chronic condi�on 
< 18 years of age 
Pregnancy
Trauma
Prior surgery
Spinal stenosis
“Red Flag” condi�ons

Figure 1 Flow diagram for classifying inappropriate imaging claims. Asterisk denotes eligible MRIs identified by CPT code. Plus symbol, from
a list of 19 chronic conditions complied by the Centers for Medicare and Medicaid Services.
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those physicians comprising “other specialties” had higher
rates of inappropriate imaging relative to orthopedists.
Table 3 presents results from the multi-level regression

model. These results are generally consistentwith those from
the bivariate analyses. Physicians with 10 years or less expe-
rience had greater odds (1.75; 95%CI 1.51–2.02) of ordering
an inappropriateMRI than the comparison group (i.e., > 10 to
25 years of experience). In comparison with orthopedists,
physicians from each of the two primary care specialties (i.e.,
internal medicine and family medicine) had significantly
higher odds of ordering an inappropriate MRI with odds
ratios that exceeded1.80.Physicians from thegroupof“other

specialties” also had significantly higher odds of ordering
inappropriate MRIs than did orthopedists (1.73; 95%CI
1.48–2.00). Neither form of self-referral was statistically
significant. To further assess effects for self-referral, we re-
estimated the model with both forms of self-referral com-
bined. This combined variable was also not statistically
significant. We also re-estimated the model to test for
interaction effects among the selected physician character-
istics, but the results were not statistically significant.
Expanding the window from 30 to 60 days did not have
any material impact on the results already reported. After
re-estimating the model without fixed effects to compute
ICC values, physicians and physician practices accounted
for 19.1% and 15.3% of the variance, respectively. Regarding
control variables, patients who were enrolled in either

Table 1 Descriptive Statistics

Total MRIs 71,694 Total physicians
(ordered at least 1
MRI)

8,297

Physician specialty
(%)

Inappropriate (%) 23.3 Internal medicine 37.8
Family medicine 22.9
Orthopedics 28.4
Other specialty 10.9

Patient insurance type (%)
HMO 71.1
PPO 24.8
Indemnity 4.1 Physician

experience (%)
10 years or less 15.1

Patient geographic
region (%)

> 10 to 25 years 39.1

Central 16.4 > 25 to 35 years 30.1
Northeast 37.7 > 35 years 15.7
Southeast 35.2
Western 10.7

Physician teaching
hospital affiliation
(%)

32.5

Patient gender (%) 48.9
Mean (SD)

Patient age 45.7 (13.3)
Median family income
for patient residential
zip code

$90,952
(27,126)

Patient clinical condition (%)
Lower back 23.4
Knee 34.0
Shoulder 42.6

Table 2 Results from Bivariate Analyses

Experience MRI
claims

%
inappropriate

p value

10 years or less 10,042 28.6 < 0.001
> 25 to 35 years 21,056 21.1 0.60

> 35 years 11,717 24.4 < 0.001
> 10 to 25 years* 28,879 22.3

Specialty training MRI
claims

%
inappropriate

p value

Family medicine 15,563 25.0 < 0.001
Internal medicine 27,943 25.1 < 0.001
Other specialty 9406 23.1 < 0.001
Orthopedics* 18,782 18.9

Self-referral MRI
claims

%
inappropriate

p value

Yes (same physician) 1583 23.9 0.47
Yes (different

physicians)
14,472 23.5 0.31

No* 55,639 23.1

*Comparison group

Table 3 Results from Regression Analysis

Odds ratio
estimate

95%
confidence
limits

p value

Physician characteristics
Experience
0 to 10 years 1.75 1.51 2.02 < 0.001
> 25 to 35 years 0.95 0.87 1.04 0.163
> 35 years 1.06 0.95 1.18 0.268
> 10 to 25 years*

Specialty training
Internal medicine 1.85 1.65 2.09 < 0.001
Family medicine 1.83 1.62 2.11 < 0.001
Other specialty 1.73 1.48 2.00 < 0.001
Orthopedics*

Self-referral
Same physician 1.05 0.95 1.13 0.301
Different physicians 1.01 0.91 1.03 0.881
No self-referral

Teaching hospital
affiliation

0.97 0.89 1.05 0.404

Patient characteristics
Clinical condition
Knee 0.91 0.83 0.99 0.051
Shoulder 0.83 0.74 0.93 0.037
Lower back*

Age 1.03 0.74 1.43 0.851
Gender
Female 0.95 0.89 1.02 0.119

Median family income
Bottom 0.94 0.86 1.03 0.185
Second 0.95 0.87 1.04 0.243
Third 0.95 0.87 1.03 0.227
Top*

Insurance type
PPO 1.10 1.02 1.18 0.018
Indemnity 1.25 1.08 1.44 0.004
HMO*

Region
Central 0.99 0.89 1.10 0.867
Southeast 0.99 0.94 1.07 0.760
Western 0.84 0.74 0.96 0.015
Northeast*

Submission year
2010 0.99 0.91 1.08 0.839
2011 0.94 0.86 1.02 0.150
2012 1.01 0.92 1.10 0.882
2013*

*Comparison group
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PPO or indemnity plans, resided in the western region of
Massachusetts, and presented with lower back pain had
relatively higher rates of inappropriate imaging.

DISCUSSION

Our analysis indicated that approximately 23% of the MRIs
ordered for the selected conditions were inappropriate, which
while largely consistent with previous research points to a
serious and ongoing lack of adherence to imaging guidelines.
A strong association existed between two of the three selected
physician characteristics and inappropriate diagnostic imag-
ing. Less experienced physicians had substantially higher rates
of inappropriate imaging. One explanation for this finding is
that physicians at the beginning of their careers are less aware
of imaging guidelines. Prior research has reported a low level
of incorporation of ACR imaging guidelines in physician
training programs.40–42 One study that evaluated the impact
of providing residents with training on imaging guidelines did
report decreased utilization of abdominal imaging though the
impact on inappropriate imaging was not assessed.43 A coor-
dinated campaign among medical societies and teaching hos-
pitals to increase awareness of imaging guidelines among
physicians in training programs is likely a worthwhile under-
taking. An additional consideration is that physicians at the
beginning of their careers may engage in excessive imaging as
a form of defensive medicine due to heightened concerns
about malpractice liability. Defensive medicine has long been
considered a key driver of excessive imaging.9 In this vein,
physicians must have confidence that adherence to imaging
guidelines protects them from malpractice liability.
We also found specialty training to be a relevant factor for

inappropriate imaging. Primary care physicians were nearly
twice as likely to order inappropriate MRIs as were orthoped-
ists. These results are consistent with some prior but smaller
scale investigations including a study of Canadian physicians
that was conducted with medical records.11 Primary care
physicians see a wide range of clinical conditions for the
patients they treat and undoubtedly face substantial challenges
in following all relevant guidelines. Initiatives such as the
Choosing Wisely web-based tool and computerized radiology
order entry systems are intended to facilitate physicians’ ac-
cess to imaging guidelines,44,45 but their impact on inappro-
priate imaging has yet to be closely studied. Another relevant
development is that CMS is phasing in a new rule that requires
physicians participating in the Medicare program to document
they are following appropriate use criteria for outpatient diag-
nostic imaging using clinical decision support software.46 The
impact of this requirement will be important to assess.
For self-referral, study results stand perhaps somewhat in

contrast to previous research linking self-referral to higher
utilization of imaging procedures. Physicians in favor of self-
referral have long contended that such arrangements offer
greater continuity of care and convenience for patients that

reduce delays for imaging.33 From this perspective, the fact
that self-referral is associated with increased utilization is
indicative of better access to care rather than inappropriate
care. Opponents of self-referral maintain that it creates incen-
tives that can drive up rates of unnecessary or inappropriate
care. Federal regulations restricting self-referral for Medicare
and Medicaid patients are predicated on this concern.47,48

While our results certainly do not resolve this debate, at the
very least they suggest that more research is needed to under-
stand the relationship between self-referral and inappropriate
imaging as higher utilization alone for self-referral may not be
a valid indicator of inappropriate care across the spectrum of
physician specialties and clinical conditions.
Our results also indicate that individual physicians are an

important determinant of inappropriate imaging as this level of
decision-making was relatively substantial accounting for ap-
proximately 19% of the variance for inappropriate imaging. At
the same time, the variation accounted for at the practice level
was fairly large suggesting that practice-level characteristics
are important, which might include, for example, the avail-
ability of clinical decision support systems.
Another relevant level of the health care system is the health

plan in terms of whether an MRI order underwent some form
of pre-authorization review and the nature of the review pro-
cess. As noted, we observed relatively lower rates of inappro-
priate imaging among patients with an HMO plan, which is
line with some literature suggesting these types of plans have
in place more stringent pre-authorization requirements for
expensive clinical services.34,35 However, we did not have
information regarding whether and how health plans reviewed
specific claims included in the study. Based on discussions we
have had with senior leaders of health insurance companies in
Massachusetts, during the time frame covered by this study
most orders for diagnostic imaging were required to undergo
some form of pre-authorization review, but these review sys-
tems did not include the type of criteria that ACR guidelines
entail and medical denial rates were very low. Some health
insurance companies reportedly have since upgraded their
review systems with more detailed clinical criteria for review-
ing orders for diagnostic imaging. As such, an important
opportunity for future research is to evaluate whether rates of
inappropriate diagnostic imaging are now declining due to
perhaps more highly developed review systems.
Our study has several noteworthy limitations. One is the

reliance on claims data, which do not contain complete clinical
information for a patient’s condition and cannot fully capture
the perspective of the ordering clinician. To mitigate this
concern, we selected clinical conditions for which the ACR
appropriateness criteria are well defined with relatively less
opportunity for clinical subtleties to influence decision-
making. It also seems unlikely that this limitation would
explain differences in inappropriate imaging as large as the
ones observed in this study for experience and specialty train-
ing. Nevertheless, future research that re-examines the impact
of such physician characteristics with data from medical
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records would be a valuable addition to the literature. Another
is the generalizability of the study’s findings beyond Massa-
chusetts, which has more MRIs per person than the national
average.49 A third limitation is that we were unable to identify
all forms of self-referral arrangements as some physician
practices have complex business arrangements for conducting
self-referrals that cannot be readily identified from an analysis
of claims alone.50 We also point out that our study considers
the impact of self-referral on inappropriate imaging only.
Previous research has raised questions about self-referral
based on evidence that non-radiologists provide less accurate
interpretations of imaging scans than radiologists.33,51

In conclusion, our study offers to date one of the largest
investigations of inappropriate diagnostic imaging. Both phy-
sician experience and specialty training appear to be important
factors underlying the ordering of inappropriate imaging at
least with respect to musculoskeletal conditions. We believe
these findings warrant attention and should be addressed
through initiatives that can improve physicians’ attention to
relevant imaging guidelines.
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