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Abstract

Background/Objective: There is increasing use of computed tomography (CT) in sarcopenia research using a wide variety of techniques. We 
performed a systematic review of the CT literature to identify the differences between approaches used. 
Methods: A comprehensive search of PubMed from 1983 to 2017 was performed to identify studies that used CT muscle measurements to 
assess muscle mass and myosteatosis. The CT protocols were evaluated based on anatomic landmark(s), thresholding, muscle(s) segmented, 
key measurement (ie, muscle attenuation, cross-sectional area, volume), derived variables, and analysis software. From the described search, 
657 articles were identified and 388 studies met inclusion criteria for this systematic review. 
Results: Muscle mass was more commonly assessed than myosteatosis (330 vs. 125). The most commonly assessed muscle or muscle groups 
were total abdominal wall musculature (142/330 and 49/125 for muscle mass and myosteatosis, respectively) and total thigh musculature 
(90/330 and 48/125). The most commonly used landmark in the abdomen was the L3 vertebra (123/142 and 45/49 for muscle mass and 
myosteatosis, respectively). Skeletal muscle index and intermuscular adipose tissue were the most commonly used measures of abdominal wall 
muscle mass (114/142) and myosteatosis (27/49), respectively. Cut points varied across studies. A significant majority of studies failed to report 
important CT technical parameters, such as use of intravenous contrast and slice thickness (94% and 63%, respectively). 
Conclusions: There is considerable variation in the CT approaches used for the assessment of muscle mass and myosteatosis. There is a need 
to develop consensus for CT-based evaluation of sarcopenia and myosteatosis.

Keywords: Body composition, Imaging, Muscle, Sarcopenia

Sarcopenia, broadly defined as a significant loss of muscle mass and 
function, has been associated with a variety of adverse outcomes, 
including physical disability, falls, and prolonged hospitalization (1–
7). Recent studies on sarcopenia have emphasized its high prevalence 
in various clinical settings (8–11) as well as the significant impact of 
common medications on muscle mass (12,13). There has also been 
considerable debate on the clinically relevant cut points for the diag-
nosis of sarcopenia (14–17). Diagnostic cut points are particularly 
important in the context of sarcopenia treatment and prevention. 
Although nutritional supplementation and physical activity have al-

ready been shown to positively influence muscle mass and strength 
in older adults (18–25), many pharmacologic treatments of sarcope-
nia are under investigation (26–29).

A variety of tests of physical function and imaging techniques 
are available for assessing muscle mass. Dual X-ray absorpti-
ometry is the most widely used imaging technique for assessment of 
muscle mass, with appendicular lean mass the most commonly used 
phenotype in sarcopenia research. Bioelectrical impedance analysis 
offers a low-cost alternative, but can be confounded by alterations 
in hydration, soft-tissue edema, exercise status, and food intake 
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(5). More recently, magnetic resonance imaging has been used to 
quantify muscle volume and composition, allowing for the differ-
entiation of muscle tissue from adipose tissue, edema, and fibrous 
connective tissue (5).

Current usage of the term sarcopenia in the medical literature is 
inconsistent. In general, the aging literature reserves the term sarco-
penia for low muscle mass (usually measured with dual X-ray ab-
sorptiometry or bioelectrical impedance analysis) and low physical 
function (usually measured with grip strength or gait speed) and 
considers myosteatosis a related, but distinct, entity (2–4,6–8). In 
contrast, many cancer journals (and other nonaging journals) use 
the term sarcopenia for low muscle mass (usually measured with 
computed tomography [CT]) without any measurement of physical 
function and occasionally consider myosteatosis as a component of 
sarcopenia, rather than a distinct entity (1,30–34).

Despite the inconsistent terminology, the use of CT for research 
on muscle in older adults is becoming more common, due to its 
ability to measure muscle quality (eg, myosteatosis) and muscle 
mass (32). CT assessment of muscle mass usually involves measuring 
muscle cross-sectional area on a single CT image (5). Cross-sectional 
area is often then indexed for patient’s height, resulting in skeletal 
muscle index (SMI) (5). CT assessment of myosteatosis usually in-
volves measuring intermuscular adipose tissue (IMAT) area or muscle 
attenuation (MA) (5). Increased fat infiltration in muscle (ie, myostea-
tosis) results in lower radiodensity of muscle on CT images (5).

Unfortunately, variation in CT acquisition parameters and image 
analysis techniques are obstacles to wider adoption of CT and limit 
opportunities for comparison of data across studies (35–38). We 
performed a systematic review of the CT-based muscle literature to 
define the degree of variation in muscle mass and myosteatosis meas-
urements, as the first step in addressing this lack of standardization.

Methods

Two PubMed searches were performed in November 2017, without 
a limiting date range for the results. The first search was as fol-
lows: ((cachexia OR cachexic OR sarcopenia OR sarcopenic OR 
dynapenia OR dinapenia OR myosteatosis OR myopenia) AND 
(attenuation OR Hounsfield OR “CT number” OR “CT-values” 
OR “CT-value” OR HU OR “gray scale” OR “grayscale” OR 
“CT density” OR “skeletal muscle index” OR “skeletal muscle 
radiodensity” OR “skeletal muscle density” OR “psoas area” OR 
sliceomatic)) OR (“Tomography, X-Ray Computed” [MH] AND 
“Muscle Strength” [MH]), and yielded 429 results. The second 
search was as follows: (English [Language] AND ((“Tomography, 
X-Ray Computed” [MH] or CT) AND (“Muscle Strength” [MH] 
OR “Body Composition” [MH]) NOT (animals [MH] NOT hu-
mans [MH])) NOT Review[Publication Type] NOT “Case Reports” 
[Publication Type]) AND (muscle OR psoas OR intermuscular OR 
sarcopenia OR myopenia OR dynapenia OR myosteatosis), and 
yielded 616 results. The two searches were combined, removing du-
plicates, resulting in 657 studies.

The abstracts were reviewed by two authors to select studies that 
reported on muscle metrics assessed using CT. Three hundred and 
eighty-eight studies were selected for the full-text analysis. Figure 1 
shows the flow diagram for the identification, screening, and inclu-
sion of articles in the systematic review.

The data collected included publication year, segmentation soft-
ware, segmentation method, number of readers, number of slices used, 
approach to thresholding, threshold values, anatomic landmark (eg, 
L3, L4, femoral neck, etc.), muscle(s) segmented, measured variable 

(eg, attenuation, area, or volume), derived variable (eg, SMI), CT 
examination (eg, abdomen, pelvis, etc.), and image analysis software.

Risk of bias was low, as this was primarily a review of image ana-
lysis methodology. We were not assessing diagnostic test accuracy, 
outcomes, adverse events, or other variables that would be subjected 
to selective reporting of positive results.

Results

Three hundred and eighty-eight studies met inclusion criteria for 
this systematic review. Figure 2 shows the number of publications 
by year, indicating the most rapid increase since 2013. The earliest 
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Figure 1. Flow diagram on identification, screening, eligibility, and inclusion 
of full-text articles. *Non-computed tomography (CT) article refers to articles 
that did not use CT to assess body composition metrics as a primary modality 
(eg, magnetic resonance imaging).
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study was from Maughan and colleagues in 1984, measuring the 
cross-sectional area of various muscle compartments of the forearm 
using CT (39). The number of subjects in the studies varied, with the 
majority (54%) having fewer than 100 (median = 92).

Tables 1 and 2 summarize the studies that used CT to measure 
muscle mass and myosteatosis, respectively. More studies assessed 
muscle mass (n = 330) than myosteatosis (n = 125). Because some 
studies performed both assessments, the results in the two tables do 
not add to 388.

Table 1 summarizes studies of muscle mass (n = 330). The most 
commonly assessed muscle or muscle group was total abdominal 
wall musculature (142 of 330). The most commonly used landmark 
for locating the CT image for muscle measurement was L3 vertebra 
(123/142). SMI was the most commonly used measure of abdominal 
wall muscle mass (114/142). Most of these studies (84/142) applied 
cut points for sarcopenia diagnosis based on SMI of abdominal wall 
musculature. However, these cut points varied across studies: in men, 
SMI cut points of 43, 53, and 55 cm2/m2 were used in 27, 23, and 20 
studies, respectively; in women, SMI cut points of 39 and 41 cm2/m2 
were used in 44 and 32 studies, respectively.

During muscle segmentation, muscle thresholding was used in 
the majority of studies (261/325), with the thresholds range of −29 
to 150 Hounsfield units (HU) most commonly used (117/261).

The approaches used to measure muscle mass in other muscle 
groups including the thigh, psoas, and other muscle groups are also 
given in Table 1. These approaches are less standardized than what 
was described previously for total abdominal muscles.

Table 2 summarizes CT studies that included measurements of 
myosteatosis (n  =  125). The most commonly assessed muscle or 
muscle groups were total abdominal and total thigh musculature (49 
and 48/125, respectively). In the abdomen, common CT measures of 
myosteatosis included IMAT and MA in 27 and 12 of 49, respect-
ively. In the thigh, common CT measures of myosteatosis included 
IMAT and low-density lean tissue in 38 and 19 of 48, respectively. 
The most common thresholds used for assessment of IMAT were 
−190 to −30 HU (36/48 in the abdomen and 20/34 in the thigh). 
The most common thresholds for low-density lean tissue were 0–34 
and 0–30 HU. In the abdomen, diagnostic cut points were used for 
MA in 11 of 12 studies that assessed this measure. In these stud-
ies, values of less than 41 HU or less than 33 HU used as an indi-
cator for myosteatosis in both men and women depending on body 
mass index.

Table 3 shows details of CT image analysis methods. A  single 
reader was used in 38% of studies, whereas a similar number failed 
to specify the number of readers. The majority of studies (59%) used 
semiautomated methods for segmentation, and of these studies, most 
(58%) used commercial software.

Table 4 shows the acquisition parameters for CT scans. The ma-
jority (89%) of studies failed to indicate the type of CT examination 
(eg, stating “CT used for pancreatic cancer follow-up” instead of 
“CT abdomen” or “CT abdomen and pelvis”). Most studies (94%) 
did not mention if intravenous contrast was administered and what 
slice thickness was used (63%).

Discussion

CT-derived measures of muscle mass and myosteatosis have been 
associated with adverse outcomes in many populations, includ-
ing older adults (1,30–33,40–45). Increasing use of CT for deriv-
ing these muscle metrics was highlighted at two recent conferences 
of the National Institutes of Health (NIH): The National Cancer 

Institute Workshop, “Understanding the Role of Muscle and Body 
Composition in Studies of Cancer Risk and Prognosis in Cancer 
Survivors,” on September 25–26, 2017 (46) and the National 
Institute of Aging Workshop, “Myosteatosis in the Context of 
Skeletal Muscle Function Deficit,” on September 14, 2018. Both 
conferences called for increased standardization for measurements 
of muscle mass and myosteatosis using CT.

This systematic review reveals important trends in the literature 
on CT assessment of muscle mass and myosteatosis, including the 
muscles analyzed, analysis techniques, and use of diagnostic cut 
points. At the same time, it highlights the need for further standard-
ization in the field.

This review shows that muscle mass and myosteatosis are com-
monly assessed on CT but that different muscle groups are prefer-
entially measured for each purpose. For muscle mass measurement, 
the total abdominal wall muscles are favored (n  =  142) over the 
thigh muscles (n = 90). For myosteatosis, the total thigh muscles are 
measured almost as often (n = 48) as total abdominal wall muscles 
(n = 49).

There is emerging consensus on the preferred anatomic levels 
(ie, CT image location) used for muscle measurements. Our review 
shows that L3 vertebra level is most commonly used for the meas-
urement of abdominal muscles while the midthigh level is most com-
monly used for the thigh muscles. However, there is variability in the 
exact definitions of these anatomic sites. For example, an L3 land-
mark may refer to the upper, mid, or lower vertebral body, whereas 
the midthigh CT landmark may be defined as the midpoint between 
the medial edge of the greater trochanter and the intercondyloid 
fossa of the patella (47), the midpoint of the femur (48), 20 cm distal 
to the greater trochanter (49), or the midpoint between the femur 
and the lateral condyle (50). Further studies are needed to determine 
the impact of such variations in measurement location on measure-
ments of muscle mass (ie, SMI) and myosteatosis (ie, MA, IMAT, 
low-density lean tissue).

We also find an emerging consensus on the diagnostic cut points 
for muscle mass (ie, SMI). Our findings on diagnostic cut points for 
abdominal wall muscles are in agreement with a recent review on the 
use of CT in cancer cohorts by Daly and colleagues (30). That review 
summarized 12 different diagnostic thresholds for sarcopenia (30). 
Based on SMI, the cut points of 52.4 cm2/m2 for men and 38.5 cm2/
m2 for women were the most common (33% of studies) (30). Our 
study supports their findings: most common SMI cut points were 
52–55 cm2/m2 for men and 39–41 cm2/m2 for women (rounded to 
the nearest integer). However, for muscle groups outside the ab-
domen, we find that the use of diagnostic cut points is much less 
standardized.

Unlike cut points for SMI, cut points for myosteatosis were only 
used in a few studies (13/125). Daly and colleagues (30) concluded 
that the prevalence of sarcopenia in cancer studies is highly de-
pendent on diagnostic thresholds and should be standardized. Our 
review points to additional need for standardization of CT-derived 
diagnostic thresholds for muscle mass and myosteatosis, and not just 
in cancer studies, but also in other cohorts, including older adults.

Our study shows important trends in the techniques used for 
analysis of muscles on CT images (ie, segmentation). Majority of 
studies employed semiautomated software for muscle segmentation, 
a trend that will probably continue as these tools become less expen-
sive and more accurate. However, 27% of studies still used manual 
segmentation of muscles. It is worth emphasizing that both manual 
and semiautomated approaches to muscle segmentation require 
human input. For this reason, it is surprising that 38% of studies 
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failed to report the number of readers who performed muscle meas-
urements. In the future, fully automated techniques for muscle seg-
mentation will be available, limiting human intervention to quality 
control. However, in existing studies, the lack of detail on readers is 
concerning, making the findings in these studies less generalizable.

The most unexpected finding of the present review is that many 
publications provide insufficient details concerning CT acquisition 
protocols to allow for future studies to reproduce their work. At 
the most basic level, the majority of studies fail to report the exam-
ination type (eg, CT abdomen), although the type of examination 
could be deduced from the anatomy studied. More importantly, 
many studies fail to specify the use of intravenous contrast or the 
slice thickness, both of which have been shown to affect muscle 
measurements (35,37).

When interpreting the CT literature, CT acquisition parameters 
should be viewed as confounding factors when determining the asso-
ciations between muscle metrics and clinical outcomes. For example, 
lower MA values will be obtained on unenhanced CTs, compared 
with contrast-enhanced CTs. Because unenhanced CTs are more 
commonly performed in patients with renal insufficiency, this differ-
ence in attenuation could bias the observed association between MA 
and patient prognosis.

Strengths and Limitations
Our study has several strengths and limitations. We only used a 
single database (PubMed), which led to the exclusion of publications 
in nonindexed journals and may have affected the results. However, 
we believe the overall trends described here would generalize to the 
larger data set. The major strengths of our review were the large 
number of studies included and the detail with which the CT meas-
urements of muscle mass and myosteatosis were evaluated.

Future Directions
As the diagnosis and treatment of sarcopenia in older adults tran-
sitions from research settings to become a routine part of patient 

care, better tools for noninvasive measurement of muscle mass and 
myosteatosis will be needed. These CT measurements have already 
been validated in many studies of older adults. Existing obstacles to 
wider CT usage include cost, access to equipment, and radiation ex-
posure. However, muscle mass and myosteatosis could be measured 
opportunistically on clinical CT scans obtained as part of routine pa-
tient care, without additional cost or radiation exposure to patients. 
For that to happen, further standardization on diagnostic thresh-
olds using CT is needed. The NIH has played a major role in stand-
ardizing approaches to diagnosing sarcopenia using gait speed, grip 
strength, and dual X-ray absorptiometry–derived lean mass, most 
recently convening a Sarcopenia Definitions and Outcomes (SDOC) 
Position Development Conference on November 13, 2018 (17,51) 
A similar process for standardizing the CT measurements of muscle 
mass and myosteatosis is needed.

Conclusion

This is the first systematic review of CT-derived measures of muscle 
mass and myosteatosis that includes noncancer cohorts. Although 
there is considerable variation in CT assessment of muscle metrics, 
there is emerging consensus on various aspects of muscle measure-
ment. Our results support the need for further standardization of 
CT measurements to allow for future clinical trials and ultimately, 
clinical practice.

Supplementary Material

Supplementary data is available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.

Table 3. Image Analysis Details

Assessed Feature Result Number (%)

Number of readers 1 97 (38)
 2 53 (21)
 3 7 (3)
 Not specified 98 (38)
Segmentation methods
 Manual 107 (27)
 Semiautomated 235 (59)
 Automated 6 (1.5)
 Not specified 50 (12.5)
Segmentation software
 Commercial 231 (58)
  Slice-O-matic  85 (37)
  Other  77 (33)
  Osirix  22 (10)
  ImageJ  18 (8)
  AW (GE)  16 (7)
  MIPAV  13 (6)
 Custom 31 (8)
 PACS 18 (5)
 More than 1 1 (<1)
 None 1 (<1)
 Not specified 114 (29)

Table 4. CT Acquisition Parameters

Parameters Number (%)

CT exam
 Abdomen alone or with another part 32 (8)
 Lower extremity 4 (1)
 Chest 3 (1)
 Other 3 (1)
 Not specified 346 (89)
IV contrast given
 Yes 11 (3)
 No 10 (3)
 Variable 3 (1)
 Not specified 364 (94)
Slice thickness
 >10 mm 5 (1)
 10 mm 53 (14)
 Between 5 and 10 mm 7 (2)
 5 mm 31 (8)
 <5 mm 33 (9)
 Variable 15 (4)
 Not specified 244 (63)
Number of slices used
 1 243 (60)
 2 49 (12)
 3 15 (4)
 >3 35 (9)
 Variable 24 (6)
 Not specified 40 (10)

Notes: CT = computed tomography; IV = intravenous.
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