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OBJECTIVE. The purpose of this article is to review the emerging field of opportunistic
CT, which can be used to screen patients for osteoporosis and sarcopenia.

CONCLUSION. Although body composition measurements are not routinely obtained
using CT, quantitative assessment of bone and muscle biomarkers on CT can add value to
patient care. Automated bone and muscle measurements promise to transform the everyday
practice of radiology without resulting in additional cost or radiation exposure for patients.

ust 100 years ago, our planet’s

population was less than one-

quarter its current size [1], the

mean life span was 35 years [2],
and communicable diseases were the leading
cause of death [3]. Now the population ex-
ceeds 7.7 billion people (with that number in-
creasing by more than 200,000 every day) [4],
the mean life expectancy worldwide is more
than 73 years [4], and noncommunicable dis-
eases are the leading cause of death among
older adults [3].

The doubling of the population older than
60 years of age worldwide during the next
three decades [4] is expected to bring with
it a tsunami of age-related conditions and an
increased demand for imaging services for a
growing middle class. In the United States,
health care costs continue to rise at a seem-
ingly unsustainable rate [5] (such costs now
represent approximately 18% of the gross do-
mestic product [6]), with spending on medi-
cal imaging estimated to be $100 billion per
year [7]. Because of these intensifying fiscal
pressures and calls to curb wasteful diagnos-
tic imaging [8], payment rates for imaging
are projected to decrease [9] unless added
value can be shown.

In the setting of this looming health care cri-
sis, there is an urgent need to implement new
approaches to add value to imaging. One such
approach is to derive new biomarkers from rou-
tine imaging examinations. This is commonly
referred to as opportunistic imaging.

The purpose of the present article is to re-
view the highlights of opportunistic imaging
by focusing on the use of opportunistic CT to

screen for osteoporosis and sarcopenia. Af-
ter discussing the current use of CT for op-
portunistic imaging of musculoskeletal tis-
sues, we review the technical considerations
in obtaining accurate CT measurements of
bone and muscle and provide a rationale for
obtaining body composition measurements
to help improve clinical outcomes.

Opportunistic Imaging: Why CT?

Although opportunistic imaging can be
performed using any imaging modality, CT
has been the most extensively studied mo-
dality for three reasons. First, CT is a very
common imaging technique. In the United
States, for example, more than 88 million
CT scans were obtained in 2018, compared
with 39 million MRI scans (i.e., 245 vs 118
scans, respectively, per 1000 people) [10]).
Second, CT is a first-line cross-sectional im-
aging technique for evaluating many acute
and chronic disorders associated with aging,
including fractures, frailty, cancer, and car-
diometabolic syndrome [11]. Third, CT mea-
surements of many tissues are relatively easy
to obtain, are highly reproducible, and have
been associated with many important clini-
cal outcomes, including death [12, 13].

Opportunistic CT: What Tissues?

In theory, opportunistic CT can be used to
obtain quantitative biomarker data from any
tissue included in a routine imaging evalua-
tion. In practice, however, CT is used most
commonly to evaluate tissues that provide
practical insights into the biologic age of a
patient. Indeed, characterizing biologic age
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(rather than relying on chronologic age) fur-
thers the goal of precision medicine in which
the characteristics (phenotypes and geno-
types) of a specific individual replace the
previously accepted medical standard of car-
ing for a typical patient. This approach aims
to improve risk stratification so that finite
health care resources, including the prescrip-
tion of specific prevention and treatment reg-
imens, can be deployed more optimally.

Various tissues that have been investigat-
ed using CT are beyond the scope of this ar-
ticle; these include quantitative biomarkers
associated with vasculature (e.g., aortic and
coronary artery calcification scoring for ath-
erosclerosis) [14, 15], fat (e.g., size and at-
tenuation for adiposity) [16], liver (e.g., fat
quantification for steatosis) [17], and hepato-
splenic morphologic features (e.g., volumet-
ric assessment for staging liver fibrosis) [18].

In the musculoskeletal system, the most
widely studied biomarkers are in bone (e.g.,
attenuation for osteoporosis) and muscle
(e.g., size and attenuation for sarcopenia).
Each individual biomarker may have merit as
an independent predictor of particular clini-
cal outcomes. Together, a synergistic combi-
nation of these biomarkers could potentially
provide even more prognostic power for per-
sonalized risk stratification.

Regardless of the tissue assessed, many
technical factors can influence measurement
accuracy and reproducibility (precision), re-
sulting in important implications for clini-
cal utility.

Technical Considerations

CT measurements can be influenced by
variations in patient factors, CT protocols, and
measurement methods, even if scanners are
properly calibrated. The potential for meth-
odologic errors highlights the importance of
protocol standardization (or empirical correc-
tions) when analyzing body composition. Al-
though these parameters often are not report-
ed in published studies of opportunistic CT
results, it is recommended that future publi-
cations account for relevant variables [19, 20].

Patient Factors

For measuring bone and muscle, both
patient diameter and the positioning of
body parts within the scanner are impor-
tant considerations.

Patient diameter—Patient diameter can
vary considerably (e.g., in patients with ca-
chexia vs obesity). With increasing diame-
ters, attenuation measurements (both mean
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and SD values) can increase by approximate-
ly 5-7 HU, regardless of the tube potential
used (Boutin RD, et al., presented at the Na-
tional Cancer Institute 2017 workshop Un-
derstanding the Role of Muscle and Body
Composition). Furthermore, with greater
object size, lower-energy photons are more
heavily attenuated than higher-energy pho-
tons, the effective energy seen by the CT
detectors is higher, and there is a spurious
change in attenuation values from the pe-
riphery to the center of the object.

Patient positioning—CT number mea-
surements should be interpreted with cau-
tion when patients are positioned off-center
in a scanner. Clinically realistic off-center-
ing (approximately 6 cm above or below iso-
center) can result in a spurious increase of
more than 20 HU in the CT number obtained
using scanners with a traditional bowtie fil-
ter with filtered back projection [21]. New-
er model-based iterative reconstruction algo-
rithms [22] and dual-energy techniques [23]
may be less susceptible to inaccuracies asso-
ciated with patient positioning.

CT Technique

For bone and muscle measurements, the
two most important factors that influence CT
numbers are [V contrast material and tube po-
tential. Other factors include tube current [24],
slice thickness [24, 25], reconstruction kernel
[26], and the type of CT scanner used [26-28].

Contrast material—Accounting for IV
contrast material on CT measurements is

A

challenging because of inconsistencies in
tissue characteristics, bolus timing, contrast
volume, contrast concentration, contrast in-
jection rate, cardiac output, and beam-hard-
ening artifact [29].

With measurements of trabecular bone in
the lumbar spine, for example, vertebral body
enhancement varies from a mean of approxi-
mately 17 HU in the arterial phase to 33 HU
in the portal phase, to 25 HU in the delayed
phase [20] (Fig. 1). Contrast enhancement in
the lumbar spine has been reported to be as
low as 10-26 HU in previous studies [30, 31].
Consequently, if bone measurements are not
adjusted for contrast enhancement, contrast-
enhanced CT can result in underdiagnosis of
osteoporosis in 7-25% of patients [30].

Elsewhere in the skeleton, data on con-
trast-enhanced attenuation are less defini-
tive, but variations are known to occur. For
example, although contrast-enhanced quanti-
tative CT measurement of bone mineral den-
sity (BMD) in the spine increases 30% [32]
or 31% [33], BMD increases only 2% in the
proximal femur [33].

With skeletal muscle, the magnitude of
change in muscle attenuation related to IV
contrast medium ranges from approximate-
ly 5 HU (in the arterial phase) to approxi-
mately 11.5 HU (in the portal phase), to ap-
proximately 13 HU (in the delayed phase) at
the L4 level [20]. When tube potential is held
constant, such changes in contrast-enhance-
ment can result in an approximately 2-3%
increase in muscle metric measurements [24,

Fig. 1—388-year-old woman with right upper quadrant and back pain. (Reprinted from [20])

A-D, Representative four-phase CT scans obtained in unenhanced phase (A), arterial phase (B), portal

phase (C), and delayed phase (D) show ROls (circles) for psoas muscles, posterior paraspinal muscles, and L4
vertebral body. For example, attenuation of L4 vertebral body increased from 32.9 HU in unenhanced phase to
40.6 HU in arterial phase, 50.3 HU in portal phase, and 59.5 HU in delayed phase. Attenuation of abdominal aorta
also was measured on each of four phases of CT examination at L3 level above level of aortic bifurcation (not
shown). In A, dotted lines show freehand ROIs drawn on unenhanced images outlining both psoas muscles.

(Fig. 1 continues on next page)
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Fig. 1 (continued)—=88-year-old woman with right upper quadrant and back pain. (Reprinted from [20])

A-D, Representative four-phase CT scans obtained in unenhanced phase (A), arterial phase (B), portal

phase (C), and delayed phase (D) show ROls (circles) for psoas muscles, posterior paraspinal muscles, and L4
vertebral body. For example, attenuation of L4 vertebral body increased from 32.9 HU in unenhanced phase to
40.6 HU in arterial phase, 50.3 HU in portal phase, and 59.5 HU in delayed phase. Attenuation of abdominal aorta
also was measured on each of four phases of CT examination at L3 level above level of aortic bifurcation (not
shown). In A, dotted lines show freehand ROls drawn on unenhanced images outlining both psoas muscles.

25], but small changes in muscle size are not
likely to be clinically significant [34, 35].
Core muscles affected by myosteatosis (as
indicated by attenuation of < 30 HU) can be
particularly vulnerable to changes in contrast
enhancement, with the size of these areas of
fat within muscle found to be a mean of 14%
smaller than the size of such areas as seen on
unenhanced series [25].

Tube potential—Tube potential can sub-
stantially influence CT number measure-
ments, especially those for bone [36]. As tube
potential decreases, the CT number increas-
es, especially for tissues with higher electron
attenuation values. Specifically, with trabec-
ular bone measurements, an increase of 60
kV (from 80 to 140 kV) can result in a change
of =76 HU [36]. Although 120 kV is a com-
mon standard, conversion equations may be
used for scans acquired at other settings (e.g.,
CT myelography performed at 140 kV [37]).

For soft tissues such as muscle, changes
in tube potential do not result in such large
changes in CT numbers on unenhanced scans.
However, the iodine in contrast material re-
sults in increased attenuation at 80 kV com-
pared with 140 kV, and this can cause misclas-
sification of tissues with substantial uptake of
contrast medium, including muscle [38].

Measurement Methods

Software tools—Software used for analy-
sis of body composition may result in modest
variability in bone and muscle measurements
[39], but common commercially available
software programs generally produce com-
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parable results with good interobserver and
intraobserver agreement [39-41]. CT-de-
rived bone and muscle metrics have been
associated with clinical outcomes in a vari-
ety of different studies, regardless of wheth-
er the measurements were made using a rou-
tine PACS ROI tool (without postprocessing)
or with postprocessing using a thresholding
step for tissue segmentation (e.g., Imagel,
[National Institutes of Health]; OsiriX [Pix-
meo], or SliceOmatic [TomoVision]).

Manual measurements—When manual
measurements of CT numbers are obtained
using a single software platform, the interex-
amination, interobserver, and intraobserver
results vary from moderate to excellent [24,
35, 42]. With low-dose unenhanced chest CT,
for example, manual measurements of L1 at-
tenuation have an excellent interexamination
agreement (interclass correlation coefficient,
0.92) and moderate-to-excellent interobserv-
er agreement (interclass correlation coeffi-
cient, 0.70—0.91) [42]. One study [42] indicat-
ed that a change of at least 28 HU is needed
to detect a real change in bone attenuation
between examinations and that there can be
discordance of 12 HU in measurements of
bone attenuation made by individual observ-
ers. Such interexamination and interobserver
results of low-dose CT can lead to reclassi-
fication of osteoporosis for 11% and 22% of
patients, respectively [42].

Automated algorithms—Automated algo-
rithms can produce substantial variations in
results caused by differences in slice selec-
tion or ROI placement. For example, in com-

parisons of manual versus fully automated
measurements obtained at the L1 vertebral
body, the fully automated algorithm result-
ed in measurements that were a mean of 21
HU higher than manual measurements [43].
This difference may have been the result of
off-midline measurements and highlights the
need for rigorous validation of automated al-
gorithms. In general, however, machine learn-
ing algorithms compare favorably to manual
measurements of bone and muscle [43—46].

Osteoporosis

Osteoporosis, which is defined by the
presence of low bone mass and quality, re-
sults in increased bone fragility and fracture
risk. Major osteoporotic fractures and, pos-
sibly, low BMD by itself may be associated
with premature death [47]. Between 2018 and
2040 in the United States, the incidence of os-
teoporotic fractures is projected to increase
68% (from 1.9 to 3.2 million annually) [48].

Although there is a high general aware-
ness of osteoporosis among patients and
health care providers, there are large gaps in
both the diagnosis and treatment of osteopo-
rosis [49, 50]. In the United States, for exam-
ple, improved diagnosis and treatment of os-
teoporosis could prevent more than 6 million
fractures and save $83 billion over the next
22 years [48]. Despite the proven efficacy of
dual-energy x-ray absorptiometry (DEXA)
screening for reduction of fracture risk [51],
DEXA utilization has actually declined in
the United States [52], with underutilization
and undertreatment noted even after a senti-
nel fracture [53, 54]. Given that fewer than
6% of older women (age > 65 years) who
have undergone CT of the chest or abdomen
have undergone a DEXA examination (Raul-
li AO, et al., presented at the Radiological
Society of North America 2019 annual meet-
ing), opportunistic CT could help bridge the
existing gap in osteoporosis screening.

Methodology

Traditional bone mineral density ap-
proach—The traditional approach to quan-
titative CT calculates volumetric BMD
(measured as milligrams per cubic centi-
meters) by using specialized software and
a specialized BMD calibration phantom.
The specialized phantom can be placed un-
der the patient (known as synchronous ex-
ternal calibration) [55] or scanned at a dif-
ferent time than the patient is scanned
(known as synchronous external calibra-
tion) [56]. CliniQCT (Mindways Software)
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Fig. 2—Images from opportunistic CT of bone. Dashed ovals denote ROls.
A, 68-year-old woman who presented with possible renal calculus. Axial CT image obtained at level of L1 shows mean vertebral trabecular attenuation of 129.89 HU.
Using diagnostic threshold of 90 HU, opportunistic CT measurement is within range considered normal.
B, 75-year-old woman who presented with abdominal pain. Axial CT image obtained at level of L1 shows mean vertebral trabecular attenuation of 54.41 HU. Using
diagnostic threshold of 90 HU, opportunistic CT measurement is within range indicating osteoporosis.

is a commercially available product that
uses the latter approach. An alternative
phantomless approach calibrates attenua-
tion measurements by use of adjacent inter-
nal tissue (e.g., blood, muscle, and fat) and
air. VirtuOst software (O.N. Diagnostics) is
a commercially available product that uses
this approach. Although these techniques
are powerful research tools, they have not
yet gained widespread acceptance as clini-
cal tools for osteoporosis screening.

New approach to attenuation measure-
ment—Direct measurements of trabecular
bone attenuation are increasingly used for
osteoporosis screening in clinical research
and practice. Reliable results depend on
careful attention to standard operating pro-
cedures, including quality assurance pro-
grams (e.g., daily asynchronous calibration
using an American College of Radiology
phantom). Opportunistic screening for os-
teoporosis is a dynamic area of research
because measurement of bone attenuation
is easy to perform on any workstation with
standard viewing software. Window settings
do not affect the attenuation values, but bone
windows are recommended to facilitate ap-
propriate ROI selection. The imaging plane
generally has only a minimal influence on
attenuation values [57].

In the spine, the ROl is placed on the ver-
tebral body trabecular bone, avoiding the ve-
nous plexus posteriorly (Fig. 2). The L1 ver-
tebra is measured most commonly because
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it is generally included on CT examinations
of the thoracolumbar spine, chest, and abdo-
men. If L1 cannot be measured (e.g., because
of a compression fracture, hemangioma,
bone island, or artifact), then an adjacent lev-
el (e.g., T12 or L2) can be measured (Fig. 3).

Fig. 3—67-year-old
woman who presented
to emergency
department with
abdominal pain. Sagittal
CTimage allows
efficient assessment
of both nonacute L1
vertebral body fracture
and measurement of
mean bone attenuation
atadjacentlevels
(avoiding fractured
L1level and foci of
osteosclerosis in
T12and L2 vertebral
bodies). Note that
level with lowest
mean attenuation is
L3(65.41 HU). Using
diagnostic threshold
0f 90 HU, opportunistic
CT measurementis
within range indicating
osteoporosis. Circles
denote ROIs.

Among the lumbar levels, bone attenuation
tends to be lowest at L3, with slightly higher
mean attenuation seen at more proximal and
distal levels [58]. Of importance, the mean
attenuation values for trabecular bone are
generally very similar from T12 to L5 [58].
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Lumbar spine—Direct attenuation mea-
surements of bone have been used in many
recent studies (Appendix 1), most commonly
at the L1 level. Much of the seminal work has
been performed by investigators at the Uni-
versity of Wisconsin who established that
the attenuation values of bone correlate with
DEXA-derived BMD and predict fracture
outcomes, and these investigators first used
the term “opportunistic CT” in their 2011
study [59].

Specific thresholds have been suggested
for identifying or ruling out osteoporosis at
the L1 level. Osteoporosis is generally pres-
ent at an attenuation of 90 HU or less (speci-
ficity, > 90%); this cut point also is associated
with prevalent vertebral fractures (odds ratio,
32) and incident fragility fractures through-
out the skeleton [60, 61]. The prevalence of
fracture tends to have an inverse associa-
tion with attenuation values; the prevalence
of vertebral fracture increases to almost 50%
when the attenuation at L1 is 50 HU or less
[60]. Conversely, attenuation of more than
160 HU essentially rules out osteoporosis,
with a negative predicative value of 95%.

In addition to reviewing sagittal CT im-
ages for compression fractures [62], it is in-
creasingly common to measure L1 attenuation
and report values of less than 100 HU as in-
dicating likely osteoporosis. Correlation with
DEXA findings is currently recommended for
these patients. In the future, the role of DEXA
as the reference standard may diminish as cli-
nicians become more comfortable with CT
results and new evidence emerges to indicate
that opportunistic CT can predict vertebral
fractures better than DEXA [63].

One of the obstacles to closing the gap
in osteoporosis treatment is that some re-
ferring providers are not comfortable with
osteoporosis management. To address this,
many institutions have specialists (e.g., a
fracture liaison service) who are committed
to evidence-based osteoporosis care. For
any provider involved in osteoporosis care,
the following information is particularly
important: first, most vertebral fractures are
clinically occult but are associated with a
high risk of future fractures, including hip
fractures; second, the proportion of patients
starting antiosteoporosis medication within
a year after a vertebral compression frac-
ture is low (< 30%) [53, 54]. For these rea-
sons, providers who care for patients at risk
for osteoporosis and associated fractures
should be more proactive in their diagnosis

586

Boutin and Lenchik

and treatment to reduce the burden of future
fractures [53, 54].

One group of specialists that has shown
particular interest in this field is spine sur-
geons. Recent retrospective studies suggest
that low attenuation values correlate with
poor surgical outcomes, including pedicle
screw loosening [37, 64], cage subsidence
[65], nonunion after a lumbar interbody fu-
sion procedure [66], and postoperative frac-
ture involving an adjacent level resulting in
proximal junctional kyphosis [67].

Although further studies are needed, some
authors recommend use of a threshold of less
than 120 HU in the lumbar spine to indicate
an increased risk of screw loosening, cage
subsidence, and interbody fusion pseudar-
throsis [68]. For patients with lumbar spine
attenuation of less than 120 HU who undergo
lumbar or thoracic fusion with pedicle screws,
screw augmentation has been suggested [64].
When lumbar spine attenuation values of less
than 50 HU are present, even screw fixation
with bone cement augmentation is associat-
ed with poor outcomes [69]. Risk stratifica-
tion using CT may aid patients and surgeons
in making informed decisions about the need
for antiosteoporosis medications and the tim-
ing of an elective spine surgery.

In the past, there was concern that
bisphosphonate treatment might impair suc-
cessful fusion after a spine fusion procedure.
It is now recognized that bisphosphonates
do not impair successful osseous fusion [70]
and that they in fact reduce the risk of post-
operative cage subsidence [70, 71] and verte-
bral fracture [70].

Beyond the lumbar spine—Various bones
have been studied less extensively than the
lumbar vertebrae [72]. CT studies of the ap-
pendicular skeleton generally assess mean
attenuation for a representative area of tra-
becular bone and indicate that attenuation
values are highly correlated with BMD mea-
surements made by DEXA.

Extraspinal opportunistic CT studies have
evaluated the frontal bone [73], shoulder [74],
wrist [75], sacrum [76], hip [77, 78], knee [78,
791, ankle [78], and foot [80]. Although they
need further validation, provisional thresh-
olds for diagnosing osteoporosis have been
proposed for the proximal humerus (92 HU)
[74], distal radius (231 HU) [75], femoral head
(296 HU) [78], mid femoral neck (262 HU)
[77], distal tibia (122 HU) [78], and talus (311
HU) [78]. Given that patients with osteoporot-
ic bone are predisposed to hardware compli-
cations (e.g., implant cut out, implant loosen-

ing, and periimplant fracture), there is intense
interest in proactively identifying bones with
osteoporosis that may benefit from personal-
ized modifications (e.g., supplemental hard-
ware, augmentation with calcium phosphate
or polymethylmethacrylate, interlocking lag
screws, or angle-stable locking plates) [81].

Currently, the cutpoints at these sites are
not universally accepted for the diagnosis
and treatment of osteoporosis, for at least
three reasons. First, the appendicular skele-
ton is scanned less frequently than the axial
skeleton. Second, osteoporotic fractures are
most common in the spine. Finally, although
the trabecular pattern in thoracolumbar ver-
tebrae is relatively uniform, many other
bones have variable trabecular architecture
that makes consistent attenuation measure-
ments more challenging. In the sacrum, for
example, large regional differences in atten-
uation measurements have been reported be-
tween the S1 body (224 HU), lateral sacral
ala (100 HU), and central ala (24 HU) in a
population of patients with a mean L1 attenu-
ation of 165 HU [76].

Sarcopenia
Definition

Sarcopenia is broadly defined by the loss
of muscle mass and muscle function. In clini-
cal practice and clinical research, sarcopenia
has been defined by expert consensus panels
including the European Working Group on
Sarcopenia in Older People, the Asian Work-
ing Group for Sarcopenia, the International
Working Group on Sarcopenia, the Founda-
tion for the National Institutes of Health Sar-
copenia Project, and the Sarcopenia Defini-
tions and Outcomes Consortium supported
by the Foundation for the National Institutes
of Health Sarcopenia Project. These defini-
tions rely on measurements of physical func-
tion that include slow walking speed (e.g., <
0.8 m/s) and low grip strength (e.g., < 27 kg
for men and < 16 kg for woman) [82]. Among
older adults, both slow gait and weak grip
are established risk factors for disability and
mortality.

Since the publication of an earlier in-
depth review of sarcopenia in the AJR [83],
the term “acute sarcopenia” has entered the
lexicon to refer to accelerated muscle deple-
tion that can occur with events such as sur-
gery, hospitalization, and chemotherapy. In
addition, DEXA-derived appendicular lean
mass has fallen out of favor as one of the pri-
mary metrics in the diagnosis of sarcopenia,
on the basis of analysis of more than 18,000
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research subjects by the Sarcopenia Defini-
tions and Outcomes Consortium [84].

Although the diagnostic criteria for vari-
ous consensus definitions are similar, the
small differences that do exist may result in
substantial inconsistency in the clinical diag-
nosis of sarcopenia [85-88].

Prevalence

The prevalence of sarcopenia generally
increases with advancing age and comorbidi-
ties. In a recent systematic review of almost
35,000 participants worldwide, the preva-
lence was lowest among community-dwell-
ing adults (11% for men and 9% for women),
more common among hospitalized patients
(23% for men and 24% for women), and most
common among nursing home residents
(51% for men and 31% for women) [89].

With respect to comorbidities in the gen-
eral population, a recent study of more than
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17,000 individuals with age-associated dis-
eases and more than 22,000 control individ-
uals without such diseases found that sarco-
penia was most prevalent in individuals with
cardiovascular disease (31%), diabetes melli-
tus (31%), respiratory disease (27%), and de-
mentia (26%) [90]. Emerging data indicate
that the risks of cognitive impairment are
more than doubled for patients with sarcope-
nia (compared with those without sarcopenia)
[91]. These studies of age-associated comor-
bidities with sarcopenia suggest that the value
of opportunistic imaging in clinical practice
will increase for many years to come.

Opportunistic CT Diagnosis and Outcomes

In addition to inconsistencies in the clini-
cal criteria for diagnosis of sarcopenia, the
CT criteria used to diagnose sarcopenia have
also been highly varied [19, 92]. In 388 CT
studies in a recent systematic review [19],

Fig. 4—Images from opportunistic CT of muscle. Dashed outlines denote ROls.

A, 76-year-old man who presented with lower back pain. Axial CT image obtained
atlevel of L3 shows mean psoas muscle attenuation of 41.12 HU and mean
paraspinous muscle attenuation of 33.94 HU. Using diagnostic threshold of 30 HU,
both measurements are within range considered normal.

B, 82-year-old man who presented with abdominal pain. Axial CT image obtained
atlevel of L3 shows mean psoas muscle attenuation of 18.97 HU and mean
paraspinous muscle attenuation of -4.39 HU. Using diagnostic threshold of 30 HU,
both measurements are in range indicating myosteatosis.

C,65-year-old woman who presented after motor vehicle accident. Axial CT
image obtained at level of L3 shows mean psoas muscle attenuation of 34.79 HU
and mean paraspinous muscle attenuation of -33.94 HU. With use of diagnostic
threshold of 30 HU, psoas measurement is within range considered normal,
whereas paraspinous measurement is within range indicating myosteatosis.

the most commonly used technique was to
assess all skeletal muscle on an axial slice
at the L3 vertebral level. Muscle measure-
ment techniques have been studied both with
a routine PACS ROI tool (without postpro-
cessing) (Fig. 4) and with postprocessing that
uses a thresholding step for tissue segmenta-
tion [12, 13, 83] (Fig. 5). In addition to the L3
level, many other anatomic sites have been
reported, including the psoas muscle at the
L4 level, the posterior paravertebral muscu-
lature at the T12 level (Fig. 6), and the thigh
musculature [83] (Fig. 7).

At each location, CT is typically used to
evaluate muscle size and attenuation. CT
assessment of muscle size usually involves
measuring muscle cross-sectional area (ex-
pressed as square centimeters) on an axi-
al CT image, often with an adjustment for
patient height (expressed as square me-
ters), resulting in a skeletal muscle index.
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Fig. 5— Images from opportunistic CT of muscle.

A, 67-year-old woman who presented after ground-level fall. Axial CT image obtained at level of L3 shows segmentation of psoas, paraspinous, and abdominal muscles,
with threshold of ~29 to 150 HU used as shown in mask properties. Muscle cross-sectional area was 86.6 cm?, and skeletal muscle index was 39.4 cm?/mZ2. Based on
skeletal muscle index threshold for women (< 38.5 cm?/m?), measurement is within range considered normal.

B, 61-year-old man who presented with flank pain. Axial CT image obtained at level of L3 shows segmentation of psoas, paraspinous, and abdominal muscles, with
threshold of 29 to 150 HU used as shown in mask properties. Muscle cross-sectional area was 61.1 cm?, and skeletal muscle index was 19.7 cm?/mZ. Based on skeletal
muscle index threshold for men (< 52.4 cm?/m?), measurement is within range indicating sarcopenia.

A

Fig. 6—Images from opportunistic CT of muscle.

A, 72-year-old man who presented for lung cancer screening. Axial CT image obtained at level of T12 shows segmentation of left paraspinous muscles, with use of
threshold of -29to 150 HU. Muscle area and attenuation appear normal.

B, 74-year-old woman who presented for lung cancer screening. Axial CT image obtained at level of T12 shows segmentation of left paraspinous muscles, with use of
threshold of -29to 150 HU. Muscle area and attenuation appear diminished.

C, 71-year-old woman who presented for lung cancer screening. Axial CT image obtained at level of T12 shows segmentation of left paraspinous muscles, with use of
threshold of -29to 150 HU. Muscle cross-sectional area appears normal, whereas muscle attenuation appears diminished.

7 Mask Properties

Fig. 7—Images from opportunistic CT of muscle.

A, 60-year-old man who presented for preoperative evaluation for partial knee replacement. Axial CT image obtained at level of distal thigh shows segmentation of thigh
muscles, with threshold of -29to 150 HU used as shown in mask properties. Although there currently is no consensus on diagnostic thresholds for thigh muscle area,
muscle area and attenuation subjectively appear to be in range considered normal.

B, 61-year-old woman who presented for preoperative evaluation for partial knee replacement. Axial CT image obtained at level of distal thigh shows segmentation of
thigh muscles, with threshold of ~29to 150 HU used as shown in mask properties. Although there currently is no consensus on diagnostic thresholds for thigh muscle
area, muscle area and attenuation subjectively appear to be diminished.

588 AJR:215, September 2020



Opportunistic CT for Osteoporosis and Sarcopenia

Fig. 8—Images from opportunistic CT of muscle and adipose tissue.

A, 68-year-old man who presented with abdominal pain. Axial CT image obtained

B} Mask Propecti atlevel of L3 shows segmentation of visceral adipose tissue (yellow area),
subcutaneous adipose tissue (purple area), and intermuscular adipose tissue

::M'mmm_ (blue area), with use of threshold of 190 to -30 HU. Visceral adipose tissue (VAT)

i area appears normal, whereas subcutaneous adipose tissue (SAT) area appears
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CT-derived muscle attenuation is also in-
creasingly assessed as an indicator of mus-
cle fat content. Both a low skeletal muscle
index (i.e., myopenia) and low muscle atten-
uation (i.e., myosteatosis) have been associ-
ated with adverse outcomes. Since the pub-
lication of a detailed review on sarcopenia
in the AJR [83], there has been increasing
evidence that opportunistic CT assessment
of myosteatosis adds prognostic value [93].
In addition to assessment of intermuscular
adipose tissue, simultaneous evaluation of
other tissues can be performed, including
visceral adipose tissue and subcutaneous
adipose tissue (Fig. 8).

Opportunistic CT has been extensively
validated as a tool to help stratify the risk of
adverse clinical outcomes, such as postpro-
cedural complications and death (Appendix
2). Fully automated tools for tissue segmen-
tation and quantification are now used by
many researchers funded by the National In-
stitutes of Health [94-96], but access to the
computer code for physicians and patients re-
mains limited at this time.
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it E' |E increased. Muscle (red area) had normal cross-sectional area and attenuation.
i | B, 60-year-old woman who presented with abdominal pain. Axial CT image
b = 'rff. obtained atlevel of L3 shows segmentation of visceral adipose tissue (yellow
e, I ’2 area), subcutaneous adipose tissue (purple area), and intermuscular adipose
::::"::m_ ’:‘:: ” tissue (blue area), with threshold of ~190 to -30 HU used as shown in visceral fat
Ly ¥ — mask properties. VAT area appears |ncre_ased, whereas SAT area appears normal.
i [ Muscle (red area) had normal cross-sectional area and attenuation. )

: C, 73-year-old woman who presented with pelvic pain. Axial CT image obtained

Scale: -1024/3070) [

atlevel of L3 shows segmentation of visceral adipose tissue (yellow area), with
threshold of -190 to -30 HU used as shown in visceral fat mask properties.
Although there is no consensus on diagnostic thresholds for visceral adipose

C tissue area, patient appears to have visceral adiposity.

Prevention and Treatment

Recently, two umbrella reviews summa-
rized current evidence for prevention and
treatment of sarcopenia using exercise and
medications. For exercise interventions rele-
vant to older adults [97], one of the umbrella
reviews analyzed 14 systematic reviews (sev-
en with meta-analyses) and focused on four
exercise categories: resistance training, re-
sistance training with nutritional supplemen-
tation, multimodal exercise programs, and
blood flow restriction training. This analy-
sis found high-quality evidence for a posi-
tive effect of resistance training on muscle
mass, muscle strength, and physical perfor-
mance. Results showed that high-intensity
resistance training is more efficacious than
low-intensity resistance training (i.e., 70—
80% of maximal effort, rather than < 50%
of one maximum repetition). Specific exer-
cise recommendations from this research
include the following: train large-muscle
groups throughout the body with four sets of
eight to 15 repetitions per muscle group (two
to three times per week). Of interest, a rela-

tively unknown training method called blood
flow restriction training was found to have a
significant impact on muscle strength. Nutri-
tional supplementation, however, had limited
benefit in these systematic reviews evaluat-
ing the prevention and treatment of sarcope-
nia in elderly populations. For populations
with cancer who commonly have muscle de-
pletion (cachexia), however, a recent system-
atic review [98] concluded that combined ex-
ercise and nutritional interventions result in
improvements in multiple clinical domains.
In the second umbrella review (of seven
systematic reviews or meta-analyses) [99], 10
currently available pharmacologic interven-
tions were evaluated. Only two of 10 agents
were found to be useful in improving mus-
cle mass, muscle strength, physical perfor-
mance, or a combination of these: vitamin D
(especially in older women) and testosterone
(in older men with clinical muscle weakness
and low serum testosterone levels).
Currently, 116 trials (as listed in the
ClinicalTrials.gov database) are in progress
to evaluate exercise, diet, supplements, and
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pharmaceuticals for sarcopenia. Regardless
of the cause of muscle depletion (e.g., age-
related sarcopenia or cancer-related cachex-
ia), earlier diagnosis using opportunistic CT
could allow interventions earlier in the dis-
ease course when the window of anabolic
potential is open [100].

Conclusion

Osteoporosis and sarcopenia are increas-
ingly common in older adults, and the re-
sulting impact on adverse health outcomes
is immense. Osteoporosis is currently un-
derdiagnosed and undertreated, even though
there are efficacious treatments. Osteoporo-
sis is associated with fragility fractures, and
some of these fractures are associated with
reduced survival. Osteoporosis is also asso-
ciated with postoperative hardware compli-
cations, but these complications may be min-
imized by selecting appropriate implants.
Sarcopenia, identified on CT as low mus-
cle mass and attenuation, is associated with
morbidity and mortality. CT-derived thresh-
olds for diagnosing low muscle mass and at-
tenuation have been established in several
large studies, and best practices for sarcope-
nia diagnosis, prevention, and treatment are
emerging. With opportunistic CT, we now
have the opportunity to add further value to
routine imaging with biomarkers that assess
bone and muscle health without additional
examination time or radiation.
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APPENDIX I: Representative Studies (Systematic Reviews and Clinical Trials) of the Use of Opportunistic CT for
Osteoporosis Screening in More Than 300 Patients

Study Authors [Reference] No. of
(Publication Year) Patients CT Parameter(s) Cut Point Key Finding(s) Comment(s)
Pickhardt etal.[101] (2013) 1867 Without and with contrast | L1 attenuation <135 HUfor | Routine abdominal CT can CT correlated with DEXA
medium osteoporosis (sensitivity, be used for osteoporosis
Tube potential not specified | 76%; specificity, 75%) screening (without
additional imaging,
radiation exposure, cost,
equipment, or patient time)
Buckens et al.[102] (2015) 302 Contrast medium and tube | L1 attenuation <99 HU for | Validated vertebral CT correlated with DEXA
potential not specified osteoporosis (sensitivity, trabecular bone
62%; specificity, 79%) attenuation for
osteoporosis screening
Lee etal.[57](2016) 571 With contrast medium L1 attenuation < 110 HU for | Sagittalimage can be used | Attenuation measurements
120 kV osteoporosis (sensitivity, both to measure bone on axial images were
52%; specificity, 90%) attenuation and to detect | slightly lower than those
compression fractures on sagittal images (mean,
7HU [6%])
Alacreu etal.[103](2017) 326 94% with contrastmedium | L1 attenuation <116 HU for | L1 attenuation <60 HU CT correlated with DEXA
120 kV osteoporosis (sensitivity, (very low) warrants
60%; specificity, 60%) further evaluation or
treatment
L1 attenuation > 170 HU
(high) excludes
osteoporosis
Gausden et al. [104] (2017) 9109 Reporting inconsistent Correlation coefficients Direct measurement of Systematic review of 37
ranged from 0.40t0 0.89 attenuation for studies (10 with DEXA
osteoporosis screeningis | correlation)
not ready for clinical
implementation
Graffy et al.[60] (2017) 1966 | Without and with contrast | L1 attenuation<90HU for | Odds ratio of 32 for As L1 attenuation
medium risk of spine fracture moderate or severe decreased, the vertebral
120 kV (sensitivity, 87%; compression fracture fracture prevalence
specificity, 84%) with L1 attenuation progressively increased
<90 HU
Fracture prevalence of 49%
with L1 attenuation
<50HU
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Boutin and Lenchik

Osteoporosis Screening in More Than 300 Patients (continued)

APPENDIX I: Representative Studies (Systematic Reviews and Clinical Trials) of the Use of Opportunistic CT for

Study Authors [Reference] | No. of
(Publication Year) Patients CT Parameter(s) Cut Point Key Finding(s) Comment(s)
Lee etal.[61](2018) 1966 Without and with contrast | L1 attenuation <90 HU for Low attenuation value With increased fracture
medium risk of any fragility associated with risk of risk, DEXA was recom-
120 kV fracture future fractures, including | mended for appropriate
in the spine, pelvis, hip, treatment follow-up
and radius
Pickhardt et al. [105] (2019) 1603 | Without contrast medium | NA Fully automated BMD tool | Unlike DEXA, CT can assess
120 kV can be used for trabecular bone without
prospective clinical or confounding caused by
retrospective degenerative changes or
population-based cortical bone
evaluation, including
longitudinal changes
Jang etal. [43](2019) 20,374 | Without and with contrast | NA L1 attenuation is similar Mean L1 attenuation was

120 kV

medium

between men and
postmenopausal women

Mean age-related bone
loss of 2.5 HU pery

226 HU for patients <30y
vs 89 HU for patients 290y

Note—NA =not applicable, DEXA = dual-energy x-ray absorptiometry, BMD = bone mineral density.

Opportunistic CT

APPENDIX 2: Representative Systematic Reviews Performed With Meta-Analysis of Evaluation of Sarcopenia With

No. of
Study Authors [Reference] | No.of | Studies Clinical Characteristic
(Publication Year) Patients| Reviewed of Cohort Key Findings Comments
Borggreve etal. [106] (2020) | 4887 15 Gastric malignancy Low muscle mass associated with postoperative No consensus on
complications (OR, 2.1) and overall mortality cutpoint definitions of
(HR, 1.8) low muscle mass
Rinninella etal. [107] (2019) | 5610 20 Gastric malignancy Low muscle mass associated with longer hospitaliza- | Prevalence of 33%
tion, postoperative complications (OR, 1.8), and
poorer 0S (HR, 2.0)
Nishimura etal. [108] (2019) | 1010 9 Lung malignancy Sarcopenia associated with higher risk of Wide variation in
surgery perioperative complications (OR, 2.5) and worse prevalence of
survival (HR, 2.3) sarcopenia (22-56%)
Suetal.[109] (2019) 21,875 70 Gastrointestinal Preoperative sarcopenia is associated with major Prevalence of sarcopenia
malignancy complications (RR, 1.2) and overall mortality (HR, 1.6) | depends mostly on
and is a risk factor for adverse long-term and choice of diagnostic
short-term outcomes cutpoints
Caoeta[110](2019) 6656 28 Hepatopancreatobiliary | Major postoperative complications were associated | No consensus on
malignancy surgery with SMI(RR, 1.4), psoas muscle index (RR, 1.4), cutpoint definitions of
muscle attenuation (RR, 1.4), and intramuscular low muscle mass and
adipose tissue (RR, 1.6) quality
Xia etal. [111] (2019) 2867 10 Trauma Sarcopenia associated with death during Wide variation in
inpatient stay (RR, 2.0) and at 30 days (RR, 1.6) and prevalence of
1year (RR, 3.1) after inpatient stay sarcopenia (25-71%)
Soud etal. [112] (2019) 1881 8 Transcatheter aortic Higher SMA associated with lower long-term May help to identify
valve replacement mortality rate (OR, 0.5) high-risk patients for
therapy before and
after procedure
Hu etal. [113](2019) 2075 12 Urothelial carcinoma Sarcopenia associated with worse 0S (HR, 1.9) and NA
cancer-specific survival (HR, 2.0)
Shachar etal. [114] (2016) 7843 38 Malignancy (solid Sarcopenia associated with poor 0S (HR, 1.4) and NA
tumors) cancer-specific survival (HR, 1.9)
van Vugtetal. [115] (2016) 3803 19 Liver transplant Sarcopenia associated with death (HR, 1.8) Wide variation in
prevalence of
sarcopenia (22-70%)

Note—OR = odds ratio, HR = hazard ratio, 0S = overall survival, RR = risk ratio, SMI = skeletal muscle index, SMA = skeletal muscle area, NA = not applicable.
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