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Musculoskeletal Imaging:
Medicare Use, Costs, and Potential

for Cost Substitution
Laurence Parker, PhDa, Levon N. Nazarian, MDa, John A. Carrino, MD, MPHb,

William B. Morrison, MDa, Gregory Grimaldi, MDc, Andrea J. Frangos, MSa,
David C. Levin, MDa, Vijay M. Rao, MDa

Purpose: The current study explores the substitution of ultrasound (US) for magnetic resonance imaging
(MRI) of musculoskeletal (MSK) disorders by describing the recent use and costs of MSK imaging in the
Medicare population, projecting these trends from 2006 to 2020, and estimating cost-savings involved in
substituting MSK US for MSK MRI, when appropriate.

Methods: The study used government-published data sets and de-identified Radiology Information System
records exempt from institutional review board approval. From 1 year’s MSK MRI records (n � 3,621), the
proportion of cases in which US could be substituted for MRI was estimated. The use rates for 4 modalities of
MSK imaging and average costs were determined from government Medicare data sets from 1996 to 2005.
Regression analysis was used to project use rates from 2006 to 2020. The effect on costs of substitution was
calculated.

Results: For the Medicare population, although there has been a moderate overall increase (25.7%) in MSK
imaging, MSK MRI has increased 353.5% from 1996 to 2005. Projected MSK imaging costs in 2020 are $3.6
billion, of which $2.0 billion will be for MRI. A study of 3,621 MSK MRI reports indicates that 45.4% of
primary diagnoses and 30.6% of all diagnoses could have been made with MSK US. The substitution of MSK
US for MSK MRI, when appropriate, would lead to savings of more than $6.9 billion in the period from 2006
to 2020.

Conclusion: MRI MSK use has grown substantially from 1996 to 2005. The substitution of MSK US, when
appropriate, would lead to large cost-savings for Medicare.

Key Words: Health care use, health care costs, musculoskeletal imaging, magnetic resonance imaging,
ultrasound

J Am Coll Radiol 2008;5:182-188. Copyright © 2008 American College of Radiology
2
t
a
a

o
R
M
w
i
o

M
d

NTRODUCTION
edicare costs are of great current concern. The Medi-

are Payment Advisory Commission [1] noted that diag-
ostic imaging costs increased 45% between 1999 and
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003, faster than any other type of physician service, and
hat advanced imaging, such as magnetic resonance im-
ging (MRI) of body parts other than the brain, grew at
n even faster rate.

Diagnostic algorithms for musculoskeletal (MSK) dis-
rders rely heavily on MRI. The American College of
adiology Appropriateness Criteria® [2] consistently list
RI as the cross-sectional imaging test of choice for a

ide range of indications in the upper and lower extrem-
ties. There is vast evidence of the utility and effectiveness
f MRI as an MSK diagnostic tool.

However, there is growing evidence that for many
SK disorders, ultrasound (US) examinations may offer

iagnostic accuracy comparable to MRI [3-10]. Potential

maging advantages of MSK US compared with MRI

© 2008 American College of Radiology
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nclude superior spatial resolution and the ability to per-
orm dynamic studies [11]. Other advantages of MSK
S include accessibility of US equipment, reduced cost,

nd patient preference [12]. On the other hand, MSK
RI provides a more comprehensive field of view, is

uperior for bony or intra-articular pathology, and is
ubstantially less operator dependent than US [13].

Because it is a lower-cost technique, the use of US
ather than MRI for certain indications may be prefera-
le when cost containment is a priority. The current
tudy explores this issue by describing the recent use of

SK imaging in Medicare beneficiaries, projecting these
rends from 2006 to 2020, and estimating the possible
ost-savings involved in substituting MSK US for MSK

RI, when appropriate.

ATERIALS AND METHODS

he primary data sources for this study were the Center
or Medicare and Medicaid Services Physician Supplier
rocedures Summary Master Files (PSPSMF) for 1996
o 2005. These files summarize all Medicare Part B
hysician services claims for fee-for-service Medicare
eneficiaries. Claims are categorized by the Healthcare
ommon Procedure Coding System (equivalent to
hysicians’ Current Procedural Terminology procedure
odes with additional alpha-prefixed extensions) and in-
icate the volume and amount paid for the procedures.
enominators were derived from the Center for Medi-

are and Medicaid Services Medicare Managed Care
arket Penetration for All Medicare Plan Contractors
uarterly State/County Data Files. Future population

stimates of the population aged 65 years or more were
aken from Census Bureau estimates [14]. We also used 1
ear of our Radiology Information System (RIS), extract-
ng the records of all patients who underwent MSK MRI.
his is not a pure Medicare sample, but a typical all-

omers clinical data set, which we explain in this section.
ecause the data used in this study were published by the
overnment for public use or a de-identified RIS data set,
hey were exempt from institutional review board ap-
roval. All analyses were conducted using SAS version
.1.3 for Windows (SAS Institute, Cary, NC).
The project had the following components: computa-

ion of MSK imaging use by modality from 1996 to
005; prediction of future use rates by modality from
006 to 2020; estimation of the cost of MSK imaging by
odality; estimation of the proportion of MSK MRI

rocedures for which MSK US procedures could be sub-
tituted; and, computation of cost-savings that would
esult by this substitution.

First, to determine the MSK imaging use rate for 1996

o 2005, we extracted all records for MSK imaging from a
he PSPSMF files. Fifty-five Healthcare Common Proce-
ure Coding System/Current Procedural Terminology-4
rocedure codes were used: x-ray, 32; computed tomog-
aphy (CT), 8; MRI, 14; and, US, 1. The total procedure
olume was calculated for each imaging modality for each
ear. Technical component claims were not counted. Be-
ause there is always a corresponding professional com-
onent claim, counting technical charges for volume
ould have led to double counting. The use rate per
00,000 beneficiaries was then determined by dividing
he volume by the number of fee-for-service beneficiaries
n a given year and multiplying by 100,000. This rate
tatistic adjusts for fluctuations in volume caused by
hanges in the beneficiary population from year to year.

Second, to predict future use, we performed a simple
inear regression analysis with SAS PROC REG. The
ear was the only independent variable in the model, and
onfidence intervals of the predicted values were also
alculated.

Third, we calculated a cost factor for each modality.
e could not simply use the charges reported in the

SPSMF files, because they do not include hospital or
utpatient technical charges and would underestimate
osts. However, charges for office procedures always in-
lude technical component charges as part of a separate
echnical claim or a global claim professional. We tabu-
ated total office charges for each modality for the year
005 and divided by the number of procedures per-
ormed. In 2005, office technical charges for MRI and
T were higher than outpatient technical charges paid
nder the Outpatient Prospective Payment System (OPPS).
fter 2005, office-allowed charges were reduced to OPPS

evels by the Deficit Reduction Act of 2005. We therefore
djusted MRI and CT cost factors for 2005 by these
eductions, weighted for the number of procedures per-
ormed.

Fourth, we used our RIS system to estimate the per-
entage of cases in which US could be substituted for

RI. We could not use a Medicare data set to do this.
ven case-specific Medicare files do not have the level of
etail necessary for the judgments we wanted to make.
arge clinical data sets, although they are convenient
amples, are often taken to be the best obtainable esti-
ates of the general population. It seemed appropriate to

ake this approach here. We could not identify Medicare
eneficiaries in the RIS system and decided to take all
atients during a 1-year period. This sample is thus gen-
ralizable, subject to the limitations of clinical data sets,
o the general population. A potential bias that may be
resent when the RIS findings are applied to Medicare
eneficiaries is that they are older. To check on this
otential bias, we compared substitution rates for those
ged less than 65 years and those aged 65 years or more

nd planned to apply a correction if necessary.
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From the RIS, cases with the 14 Current Procedural
erminology codes that comprise MSK MRI were ex-

racted. The reports were analyzed and coded for diag-
ostic finding (primary and up to 2 secondary findings;
1 different categories) and anatomic body part (8 cate-
ories) involved. A panel of 3 academic attending radiol-
gists (2 fellowship trained in MSK radiology and 1
ellowship trained in US, CT, and MRI) then examined
he body part/diagnosis combinations and made retro-
pective judgments of what prospectively would have
een the best test to answer each clinical question. The
adiologists made these judgments in consensus on
he basis of their clinical experience and knowledge of the
vidence-based imaging literature. The possible judg-
ents were as follows: 1) MRI is more accurate than US

for these cases no substitution was made); 2) US is more
ccurate than MRI (for these cases US was substituted for

RI); 3) MRI and US are equivalent (for these cases US
as substituted for MRI because US is less expensive);

nd 4) no consensus reached (for these cases no substitu-
ion was made). MRI was judged more accurate than US
or all osseous pathology except for rib fractures and
ertain avulsion fractures [15] and for all joint pathology
xcept for effusions, ganglion cysts, and synovitis
11,16]. US was judged equivalent to MRI for a range of
oft-tissue abnormalities involving muscles, tendons, fas-
ia, and bursae [11]. US was also judged equivalent to

RI for superficial ligaments, such as collateral liga-
ents [11], but inferior to MRI for deeper ligaments,

uch as the menisci and cruciate ligaments [17]. US was

Table 2. Predicted use rates from 2010 to 2020, 95

Modality
Predicted

2010 95% CI

Change
from
2005

Predicted
2015

CT 730 581-878 24% 965
MRI 4,335 3,894-4,777 35% 5,710
US 434 344-524 15% 548
X-ray 54,252 49,716-58,787 3% 58,346
Total 59,751 54,535-64,966 5% 65,570

Table 1. Musculoskeletal imaging use rate (per 100

1996 1997 1998 1999 2000
CT 138 150 170 175 198
MRI 708 870 1,042 1,159 1,401
US 147 157 175 168 166
X-ray 44,153 45,186 45,662 43,138 43,847 4
Total 45,146 46,363 47,049 44,639 45,612 4

Note: CT � computed tomography; MRI � magnetic resonance
Note: CT � computed tomography; MRI � magnetic resonance ima
udged superior to MRI for soft-tissue foreign bodies,
eripheral nerves, and disorders for which real-time scan-
ing is important, such as peroneal tendon subluxation
11,18]. Two substitution rates were calculated: one for
he primary diagnosis and one for all diagnoses in the
eport. In our sensitivity analyses, we also calculate a
ost-savings per each 1% substituted.

Fifth, we estimated cost-savings by applying this sub-
titution rate, decreasing the MRI rate by the substitut-
ble percentage, and increasing the US rate by the number
f substituted cases. We then multiplied the intermediate
ensus Bureau estimates of the population for the appro-
riate year by the projected rate per 100,000 with and
ithout US substitution by the appropriate cost factor to
etermine future yearly spending. We subtracted the
mounts with US substitution from those without US
ubstitution to obtain yearly cost-savings.

Finally, because our cost projections are particularly
ependent on the MSK-US cost differential and substi-
ution percentage, we examined the relationship between
hese factors and cost-savings. For a sensitivity analysis,
e developed a cost-factor, substitution-rate–indepen-
ent projection of cost-savings.

ESULTS

able 1 shows the use rate per 100,000 Medicare bene-
ciaries for MSK imaging modalities for 1996 to 2005.
verall, there was a moderate increase (25.7%) in imag-

ng during this 10-year period, from 45,146 to 56,765

confidence intervals, and change from 2005

95% CI

Change
from
2005

Predicted
2020 95% CI

Change
from
2005

745-1,186 64% 1,201 907-1,496 104%
052-6,368 78% 7,085 6,208-7,963 121%
414-682 45% 662 484-840 75%
591-65,101 11% 62,440 53,432-71,448 19%
802-73,338 16% 71,389 61,031-81,747 26%

0 Medicare beneficiaries) from 1996 to 2005
ange

01 2002 2003 2004 2005 1996-2005
40 301 381 471 589 326.5%
90 1,997 2,350 2,800 3,210 353.5%
89 218 258 313 379 157.1%
08 46,575 48,237 50,137 52,586 19.1%
28 49,091 51,226 53,721 56,765 25.7%

ging; US � ultrasound.
%

5,

51,
57,
,00
Ch

20
2

1,6
1

5,2
7,3
ging; US � ultrasound.
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er 100,000 in 2005. This means that more than 1 MSK
maging study is performed for every 2 Medicare beneficia-
ies. There was a moderate increase (19.1%) in radiographic
tudies, which is by far the largest category. MRI scans
ncreased 353.5% and CT scans increased 326.5%, the
atter from a much smaller base. US increased by 157.1%
nd is presently the most infrequently used modality.

Table 2 shows the projected use rate for 2010 to 2020,
5% confidence interval of the rate, and percentage
hange from 2005. MRI (121%) and CT (104%) show
reat increases. The overall increase is expected to be only
6%.
The average cost factors for each modality for 2005,

omputed on office claims, were $276.72 for CT,
424.73 for MRI, $88.26 for US, and $29.82 for radi-
graphy. These include the weighted reductions under
PPS of 4.4% for CT and 22.1% for MRI. The cost

ifferential between MRI and US is $336.47.
Because the estimates of substitutable cases are crucial

o this analysis, we present the findings from this prelim-
nary study in some detail. Table 3 shows the 3,621 cases
rom our RIS with MSK MRI. The cases are categorized
y diagnosis, and the percentage of primary diagnoses
hat could reasonably be expected to be made by substi-
uting US are listed for each body part. Table 4 breaks the
ases and substitution rates down by body part. Overall,
5.4% of primary diagnoses and 30.6% of primary and
econdary diagnoses could have been made by US imag-
ng.

Because our RIS sample is an all-comers, all-ages sam-
le (mean age � 45.6 years, standard deviation � 15.9),
ubstitutability was compared between those aged less

Table 3. Continued

Diagnosis Cases
%

Substitutable
Quadriceps tendon

disorder
16 100.0%

Reflex sympathetic
dystrophy

16 43.8%

Rotator cuff disorder 551 100.0%
Sesamoid complex

disorder
6 0.0%

Spur 1 0.0%
Spur (shoulder) 9 0.0%
Synovitis 1 100.0%
Triangular fibrocartilage

ligament
50 100.0%

Tendonitis/tenosynovitis 130 100.0%
Tumor 91 0.0%
Ulnar neuritis 6 100.0%

Total 3,621 45.4%
Table 3. Percentage of cases in which
ultrasound could substitute for magnetic
resonance imaging by diagnosis

Diagnosis Cases
%

Substitutable
Abscess 7 100.0%
Arthritis 291 7.2%
Atrophy 1 100.0%
Avascular necrosis 36 0.0%
Biceps tendon disorder 15 100.0%
Bursitis 119 100.0%
Carpal tunnel syndrome 9 100.0%
Cellulitis 22 100.0%
Chondromalacia patella 90 0.0%
Collateral ligament

disorder
47 100.0%

Cruciate ligament disorder 87 0.0%
Dislocation (shoulder) 2 0.0%
Effusion 85 100.0%
Epicondylitis 22 100.0%
Fracture 233 15.9%
Ganglion cyst 68 100.0%
Hematoma 1 100.0%
Hoffa’s fat pad 3 0.0%
Labrum (hip) 24 0.0%
Labrum (shoulder) 98 0.0%
Ligament disorder 87 100.0%
Loose bodies

(intra-articular)
13 0.0%

Marrow disorder 2 0.0%
Meniscus disorder 592 0.0%
Miscellaneous 118 3.4%
Morton’s neuroma 13 100.0%
Muscle disorder/myositis 47 100.0%
Normal 276 12.0%
Osteochondritis

dissecans/
osteochondral defect

24 0.0%

Os trigonum syndrome 6 0.0%
Osteomyelitis 61 0.0%
Patellar dislocation/tear

patellar
Retinaculum 7 100.0%
Patellar tendon 39 100.0%
Peroneal tendons/

tenosynovitis
29 100.0%

Plantar fasciitis 25 100.0%
Plantar fibromatosis 5 100.0%
Plantar plate injuries 1 0.0%
Popliteal cyst/Baker’s

cyst
45 100.0%

Posterior tibial tendon
Dysfunction/ 94 100.0%
han 65 years and those aged 65 years or more. The
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ubstitution rate was 46.0% (202/439) for those aged 65
ears or more and 45.3% (1,440/3,181, 1 subject’s age
issing) for those aged less than 65 years. A chi-square

est yielded a value of 0.0864, with a P value of .7689.
or all diagnoses, the rate was 28.7% (126/439) for those
ged 65 years or more versus 30.8% (980/3,181) for
hose aged less than 65 years, again with a nonsignificant
hi-square (�2 � 0.8066, P � .3691). There was thus no
vidence that the substitution rate depended on age, and
o correction was deemed necessary.
Our projections (Table 2) show a predicted MRI use

ate of 7,085 and a US use rate of 662 per 100,000 by
020. If we substitute US for 45.4% (primary diagnosis
ubstitution rate, Table 4) of MRI scans, the 2020 use
ate decreases to 3,869 for MRI and increases to 3,879
or US. If one uses the substitution percentage for pri-
ary and secondary diagnoses, 30.6% (Table 4), the use

ate of MRI would be 4,917 and the use rate of US would
e 2,830.
The current intermediate estimate for the Medicare

eneficiary population in 2020 is 58 million. For the year
020, substituting 45.4% of MSK MRI examinations

Table 4. Percentage of cases in which
ultrasound could substitute for magnetic
resonance by body part

Body Part

% Substitutable

Cases Primary
All

Diagnoses
Ankle/foot 669 52.8% 40.1%
Elbow 99 62.6% 56.6%
Hip 218 26.1% 18.8%
Knee 1,335 19.9% 10.9%
Lower extremity 109 33.0% 31.2%
Shoulder 878 71.9% 37.7%
Upper extremity 19 21.1% 21.1%
Wrist/hand 294 79.9% 77.2%
Total 3,621 45.4% 30.6%

Table 5. Medicare musculoskeletal imaging payme
with and without ultrasound substitution and saving

Modality

2010

Predicted
Cost

Substituted
Cost Savings

Predicted
Cost

CT 106 159
MRI 969 529 440 1,448
US 20 112 �91 29
X-ray 851 1,039
Total 1,946 1,598 348 2,675

Note: CT � computed tomography; MRI � magnetic resonance

aCost-savings reflect the substitution of 45.4% of MRI by US.
ith US examinations would save $736 million in that
ear (Table 5). Cost-savings in earlier years would be
348 million in 2010 and $521 million in 2015. If sub-
titution began at the start of 2006, the total cost-savings
uring the next 15 years would exceed $6.9 billion.

ensitivity Analyses

oth the MRI and US substitution rate and cost differ-
ntial are important factors in our estimates, and both
ave simple linear relationships with the amount saved
y substitution. For every 1% of MRI examinations for
hich US is substitutable, $16.2 million would be saved

n 2020. If we used the all-diagnosis substitution rate of
0.6%, for example, the savings would be $495 million.
or every dollar of cost difference between MRI and US
xaminations, $2.2 million would be saved. We used a
ost differential of $336 in estimating the 2020 savings.

We can combine these 2 factors to make our projec-
ions depend only on projected use rates and population
n 2020, not on our cost factor or substitution rates: for
very 1% substitution and every $100 of cost differential,
4.8 million would be saved in 2020.

ISCUSSION

n current practice, MRI is considered the test of choice
or a wide range of MSK disorders. However, MSK US is
complementary test to MRI and is actually preferable

or certain indications [11]. There are several potential
easons why MSK US is not more widely used. First, US
s more operator dependent and has a longer learning
urve than MRI. Second, because US imaging protocols
re less standardized, referring physicians and surgeons
ay find MRI images easier to understand. Third, if
RI and US machines are fully used, US imaging brings

n less revenue than MRI, both because of decreased
eimbursements and increased physician time required to
erform and interpret the US images.
Furthermore, MRI may be a better “shotgun” ap-

roach to a diagnosis when the symptoms are nonspecific

from 2010 to 2020 in millions of dollars projected

2015 2020

ubstituted
Cost Savings

Predicted
Cost

Substituted
Cost Savings

226
791 657 2,046 1,117 929
165 �137 40 233 �193

1,266
2,154 521 3,577 2,841 736

ging; US � ultrasound.
nts
sa
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ecause of its more comprehensive field of view and
epiction of regional anatomy. When the referring phy-
ician is completely unable to narrow the differential
iagnosis, MRI has the potential to detect more primary
nd secondary diagnoses. Nevertheless, most imaging al-
orithms begin with the less-expensive diagnostic test
rst and proceed from there. An analogous situation can
e found in the relationship between pelvic US and MRI
cans. There is no question that pelvic MRI has a more
omprehensive field of view and superior contrast reso-
ution compared with pelvic US. Yet, the American Col-
ege of Radiology Appropriateness Criteria list US as
referable to MRI for such indications as abnormal vag-
nal bleeding, ovarian cancer screening, or suspected ad-
exal masses [2]. Similarly, US may be preferable to MRI
s a first-line modality for many MSK indications, such
s suspected rotator cuff tear, reserving MRI for patients
n whom US is not able to answer the clinical question.

There is vast evidence-based literature for the use of
SK MRI, which has become the standard of care in the

iagnosis of many MSK disorders. There is growing ev-
dence-based literature for MSK US imaging. In this
tudy, we have examined the implications of the cost
ifferential between these techniques as it applies to
edicare beneficiaries, and the implications are substan-

ial. There is some complexity to determining when US is
n appropriate substitute, but if that problem is ad-
ressed, enormous cost-savings may be possible.
By the year 2020, the potential yearly cost-savings to
edicare by substituting MSK US for MRI, when ap-

ropriate, could amount to $736 million, and savings
uring a 15-year period beginning in 2006 could exceed
6.9 billion. The size of this estimated saving is the prod-
ct of the following factors:

The rapid increase in the use of MRI in MSK disor-
ders. From 1996 to 2005, MRI use more than quadru-
pled (�353.5%).
The low use of US (379/100,000 in 2005). By 2005,
US was the least used of MSK imaging procedures.
Nine times as many MRI scans were performed.
The large cost difference between MRI and US exam-
inations. In 2005, this amounted to an average of $336
per examination.
The rapidly increasing size of the Medicare popula-
tion. By 2020, the effects of the Baby Boom will be
felt: The Medicare beneficiary population will increase
by approximately 50% more than current levels.

Of course, projection studies have limitations. In this
tudy, we are calculating a simple linear regression of 10
ears of data and applying it to the next 15 years. Thus,
here are only 10 data points for each linear regression
nd fairly wide confidence intervals. Although the use of

maging techniques is reasonably linear during these
ears, one cannot be sure that these trends will continue.
e have chosen to project only use and combine this

ith Census projections of the Medicare population. We
ave not tried to model changes in underlying rates of
SK disorders or changes in the cost of MSK imaging.
e have derived our estimates of the substitutability of
S for MRI from an all-comers clinical sample. Finally,

ssumptions of when MSK US could have been substi-
uted for MRI could be debated, because the decisions
ere made retrospectively by a panel of radiologists who
id not have access to complete clinical data on the pa-
ients. We have, in our sensitivity analysis, projected
osts-savings independently of the substitution rate and
he cost differential. Our cost-savings projections assume
hat US can replace MRI, not that both tests will be
erformed in a single patient, which might increase costs.
However, the limitations of the present study do not

bscure the point that substantial yearly cost-savings could
e achieved for Medicare by switching diagnostic modalities
hen indicated. Because these projections are for the Medi-

are population only, should similar substitution be made
or the non-Medicare population, the total savings to the
ealth care system could be much greater. These data sug-
est the need for further studies, such as clinical trials of US
ersus MRI for MSK disorders, which could help shift prac-
ice toward this substitution. The imperatives of cost con-
ainment may motivate radiologists to learn and use more

SK US techniques.

ONCLUSIONS

here is no question that the increasing use of MSK MRI
s evidence-based. However, the low use of MSK US,
espite increasing evidence for its use in diagnosing MSK
isorders, may simply reflect prescribing physicians’ hab-

ts and relative unfamiliarity with MSK US. Our purpose
n this article has been to highlight the size of the cost
ssues involved. Clinical practice should be informed by
he evidence in the literature but should also take into
ccount cost issues.
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