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ABSTRACT

A large number of studies have used abdominal computed tomography (CT) to quantify
body composition, and different software programmes have been used to perform these analyses.
Thus, this comparison is important to enable researchers to know the performance of more accessible
software. Fifty-four abdominal CT scans of obese (BMI 30 to 39.9 kg/m?),
sedentary adults (24-41 years) patients from a Brazilian single center were selected. Two software
programs were compared: Slice-O-Matic (Tomovision, Canada) version 5.0 and OsiriX version 5.8.5.
The body composition analysis were segmented using standard Hounsfield unit (HU) (adipose tissue:
-190 to +30 and skeletal muscle: -29 to +150) and measured at the mid third lumbar vertebra (L3) level
on a slice showing both transversal processes. Bland-Altman limits of agreement analyses were
used to assess the level of agreement between Slice-O-Matic and OsiriX. A total of fifty-
four participants were evaluated, with majority women (69%), mean of age 31.3 (SD 6.5) years and
obesity grade | most prevalent (74.1%). The agreement, in Bland-Altman analysis, between Slice-
O-Matic and OsiriX analisys for the muscle mass tissue, visceral adipose tissue and subcutaneous
adipose tissue were excellent (> 0.954) with P-values < 0.001. These findings show that
Slice-O-Matic and OsiriX softwares agreement in measurements of skeletal muscle and adipose
tissue and sarcopenia diagnosis in obese patients, suggesting good applicability in studies with body
composition in this population and clinical practice. Arch Endocrinol Metab. 2020;64(1):24-9
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characterization of obesity can be made evaluating body

besity can be defined as a pathologic accumulation
of body fat (1). It is associated with increased
cardiovascular morbidity and mortality, due to a wide
spectrum of prevalent metabolic, inflammatory and
clotting abnormalities that can accelerate the process
of atherosclerosis (2,3). Obesity is one of the most

- common diseases on a global scale. In 2010, overweight

and obesity were estimated to cause 3.4 million deaths,

- 3.9% of'years of life lost, and 3.8% of disability-adjusted

life-years worldwide (4). Although clinically defined as
a Body Mass Index (BMI) = 30 kg/m? (5), a better
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composition, especially body fat and muscle mass (6).
Among different adipose tissues, the visceral adipose
tissue (VAT) has been recognized as the most related
to several clinical and laboratoristic parameters of
cardiovascular disease risk and the metabolic syndrome (7).
Subcutaneous adipose tissue (SAT) does not appear to
have the pro-inflammatory activity of VAT, but some
studies did find an association between SAT — especially
at abdominal level — and insulin resistance (IR) (8). So,
over the last few decades, the evaluation and difterential
quantification of specific adipose tissue compartments in
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the body has gained paramount importance. Computed
tomography (CT) and magnetic resonance imaging
(MRI) are considered to be the gold standard for measuring
different adipose tissues, as well as skeletal muscle mass (9).
The widespread use of these techniques, particularly
MRI, is limited by their high cost, low availability, time
requirements, and, for CT, X-ray exposure (10).

A large number of studies have used abdominal
CT to quantify body composition parameters in
a variety of clinical situations, such as renal (11)
and hepatic (12,13) disease, obesity (3) and cancer
(14-16). Different software programmes have been
used to perform these body composition analyses. It
has been previously found that the software system
used to analyze CT images can affect data analysis and
interpretation (17). In the available literature, different
software programs have been used to analyze body
composition images by CT, such as Slice-O-Matic, Fat
Seg, OsiriX (18) and NIH Image]J (17). It is important
that the comparability of these various software
programmes should be known. However, only very
few studies have looked into this comparison, and the
different authors assessed different clinical situations
and populations. It is known that body composition is
influenced by health status and ethnicity (6); therefore,
studies in specific populations may contribute to the
comparison and validation of these software packages.
Therefore, the aim of this study was to investigate
the agreement of two different software packages for
the assessment of body composition, specially cross-
sectional skeletal muscle and subcutaneous and visceral
adipose tissue measurements on abdominal CT scans
of obese individuals. Currently, Slice-O-Matic is the
most used software for body composition analyses
of CT scans, but your price is upper than all others
commercially available softwares, as OsiriX. Thus, this
comparison is important to enable researchers to know
the performance of more accessible software.

SUBJECTS AND METHODS

Subjects

Fifty-four abdominal CT scans of patients from a
Brazilian single center — Hospital de Clinicas de
Porto Alegre (Porto Alegre, RS, Brazil) — obtained
between 2009 and 2011 were selected. Data for sample
characterization were collected directly by researchers.
All patients were obese adults (BMI 30 to 39.9 kg/m?),
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of both sexes, aged 22-41 years, sedentary, and not
taking any drugs. The present study was conducted in
accordance with the Declaration of Helsinki, and all
procedures involving human subjects/patients were
approved by the Ethics Committee of the Hospital de
Clinicas de Porto Alegre (08-282). Written informed
consent was obtained from all subjects.

Anthropometric evaluation

Anthropometric measurements tor sample
characterization included body mass, height, waist
and hip circumference. Height was measured with a
fixed stadiometer (Tonelli Ltda., Brazil), with a 1 mm
precision. Body weight was measured on a digital scale
(MEA-03200; Plenna, Brazil) in light indoor clothes,
without shoes. Waist circumference was measured
with an inelastic tape measure (Sanny, Brazil), halfway
between the last rib and the iliac crest. The nutritional
status was classified by the BMI (kg/m?), according to

standard cutoffs (5).

CT image analysis protocol — Skeletal muscle and
adipose tissue area measurements

The SAT and VAT areas (cm?) were measured at the
mid third lumbar vertebra (L3) level, on a single slice
showing both transversal processes. The cross-sectional
muscle area measurements included the following
muscles: psoas, paraspinal, transverse abdominal,
external oblique, internal oblique, and rectus abdominis.
All abdominal CT scans were assessed on identical
slices in a random order by three trained observers
(G.O., LM.G.R and E.R.B.), with great expertise on
radiological anatomy and extensive experience in skeletal
muscle and adipose tissue area measurements using
software programmes. The observers were blinded for
each other’s measurements and for patient details.

Two software programmes were compared: Slice-
O-Matic (Tomovision, Canada) and OsiriX. The
CSMA, VAT, and SAT were segmented using standard
Hounsfield unit (HU) thresholds in both software
programmes. An intensity window between -30 and
+150HU was used for skeletal muscle tissue. For
adipose tissue, an intensity window between -190 and
-30 HU was used.

SliceOmatic analysis protocol

Slice-O-Matic (Tomovision, Canada) version 5.0 was
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used. Tissue was semi-automatically selected with &
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the ‘Region Growing’ mode using the ‘Grow 2D’
and ‘Paint’ tools. Non-skeletal muscle tissue regions
adjacent to skeletal muscle having radiological density
between the predefined HU thresholds were manually
erased using the ‘Paint’ tool. Cutaneous tissue was
included in the SAT measurement. A 3.2 GHz Intel®
Core™ i5 Dell personal computer was used.

OsiriX analyses protocol

The open-source 32-bit edition of OsiriX version 5.8.5
was used. The ‘Grow Region (2D /3D Segmentation)’
tool was used to semi-automatically select skeletal
muscle and adipose tissue regions within the chosen HU
intensity thresholds. Non-skeletal muscle tissue regions
adjacent to skeletal muscle were manually removed from
the area selection using the brush option. The brush
option was also used to manually erase intraluminal areas
with contents having radiological densities between
-190 and 30HU, resembling fat content. Cutaneous
tissue was not included in the SAT measurement. The
skeletal muscle and adipose tissue areas were computed
automatically and expressed in square centimeter using
a 1.3GHz Intel® Core™ i5 MacBook Air (Apple Inc.,
Cupertino, CA, USA) computer.

Statistical analysis

The Shapiro-Wilk test was used to verify data normality.
Normally distributed data that were presented as mean
and standard deviation. Data that were not normally
distributed were expressed as median and interquartile
amplitude. Independent samples #test was used to
compare differences between genders. Paired samples
t-test (for normally distributed data) or Wilcoxon’s
signed rank test were used to compare differences
between the different software packages’ results.
Intra-class correlation coefficient (ICCs - two-way
mixed single measures model and absolute agreement)
with 95% confidence interval was used to verify inter-
software agreement for the cross-sectional skeletal
muscle estimation. The ICCs were interpreted as poor
(0.00-0.49), fair to good (0.50-0.74), and excellent
(0.75-1.00), as proposed by Shrout and Fleiss. Finally,
Bland-Altman limits of agreement analyses were used
to assess the level of agreement between Slice-O-Matic
and OsiriX. All statistical analyses were carried out on
SPSS version 21.0 for Windows (Statistical Package
for Social Sciences, Chicago, 1L, USA). The Jaccard
similarity coefficient was used to verify the inter-software
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similarity of measurements (19). Initially, an overlap
of two measurements was created by the calculation
of the index of dissimilarity, according to formula:
D=3, af— %i, where, @i’ and i’ are each value
of variables measures (i.e. each value of SliceOmatic
and OsiriX), and ‘A’ ¢ ‘B’ are the sum of all values of
each variable (i.e sum of values of SliceOmatic and

sum of values of OsiriX). Finally, the Jaccard similarity

coefficient was defined as 1 — D (index of dissimilarity).
A Jaccard similarity coefficient of 1 represents perfect
overlap of two samples, whereas 0 represents no overlap.

RESULTS

Table 1 shows the anthropometric characterization of
the sample. The majority of the sample were women
(69%), with grade I obesity (74.1%). In line with the
prevalence of obesity, high mean values were found for
abdominal circumference, waist circumference and hip
circumference, with differences between genders.

The agreements between Slice-O-Matic
OsiriX analisys for muscle tissue mass, visceral adipose
tissue and subcutaneous adipose tissue were excellent
(=2 0.954) with P-values < 0.001. Additionally, the
mean Jaccard similarity coefficients for the inter-
software were closely the perfect (Table 2). Figure 1
shows the Bland-Altman 95% agreement plots, with
the mean difference and 95% limits of agreement for
the MMT, VAT, and SAT 7 between Slice-O-Matic
and OsiriX analysis. The limits of agreement were
-22.3t021.3 for MMT, -6.1 to 3.9 for VAT, and -13.2
to 7.9 for SAT. In all plots, the limits include the mean
difference between Slice-O-Matic and OsiriX analyses
tor all variables analyzed.

and

Table 1. Clinical and anthropometric patients characteristics (n = 54)

Variables Mean = SD
Age (years) 31.3+£6.5
Weight (kg) 94.3+17.1
Height (m) 1.66 = 0.1
Body Mass Index (kg/m?) 339+37

Male (n=17) Female (n = 37)
Abdominal circumference (cm) 112.6 +8.9 108.5 + 6.6
Waist circumference (cm) 107774 96.1 £6.2*
Hip circumference (cm) 116.9+6.2 121454
Waist-to-hip ratio (a.u.) 0.92 +0.05 0.79 + 0.05*

* Paired t test (p < 0.05).
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Table 2. Mean cross-sectional skeletal muscle and adipose tissue measurements on abdominal and inter-software agreement (n=54)

Variables SliceOmatic OsiriX Mea(r;gj/:fg;mce P-value ICC (95% ClI) L] ‘:f:: ga;;i LI
MMT (cm?) 1656.2 +35.9 155.7 + 36.8 -0.5 (-3.6; 2.6) 0.967° 0.954 0.990

(112.3; 239.8) (100.2; 241.0) (0.921-0.973) (0.984-0.995)
VAT (cm?) 127.0 + 56.8 128.0 £ 57.4 -1.1(-1.8; -0.4) 0.004° 0.999 0.990

(42.4;,277.9) (44.6; 286.2) (0.998 - 0.999) (0.978-0.997)
SAT (cm?) 388.3 +£94.6 391.0+97.0 -2.7(-4.1;-1.2) 0.001° 0.998 0.990

(171.0; 630.6) (170.8; 644.5) (0.996 — 0.999) (0.984-0.996)

Data expressed as mean =+ standard deviation (minimum and maximum values); Cl, confidence interval; ICC, Intra-class correlation coefficient. @ paired sample t-test. ® Wilcoxon’s signed rank test.

MMT: muscle mass tissue; VAT: visceral adiposity tissue; SAT: subcutaneous adiposity tissue.
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Figure 1. Bland-Altman 95% limits of agreement plots for the agreement between the SliceOmatic and OsiriX analysis for MMT (Panel A), VAT (Panel B),
and SAT (Panel C). The continuous line is the mean of the difference and the dotted lines are the 95% limits of agreement.

Regarding the classification of low muscularity
(MMT), there was an inter-software agreement
(Cohen’s k) of 1.00 between Slice-O-Matic and OsiriX
(P < 0.001). There was no difference in classification
of individuals with and without sarcopenia between
software programmes. According to the cut-off values
used, Slice-O-Matic and OsiriX analysis diagnosed
sarcopenia in the same 6 individuals (11.1%). All
individuals that presented sarcopenia were male.

DISCUSSION

Currently, CT is considered one of the most accurate
methods for analyzing quantitative and qualitative
changes in body composition, especially when
investigating skeletal muscle mass and distinguishing
adipose tissue in different body compartments (12,20).
A dedicated computer software is required to quantify
and determine components in different tissues. In our
study, we found a strong correlation of muscle mass,
visceral adipose tissue and subcutaneous adipose tissue
as evaluated by Slice-O-Matic and OsiriX. To date,
this is the second study to compare these softwares.
Previously, van Vugt and cols. (18) had compared both
these and other software packages, with similar results
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to our. However, they evaluated the performance of
software in cancer patients, which have different body
composition from the population evaluated in the
present study. Irving and cols. (17) also observed good
agreement between Slice-O-Matic and NIH Image ]
for analysis of adipose tissue and skeletal muscle mass,
but they did not evaluate OsiriX. Thus, it is important
to compare the performance of these software in
different clinical situations and populations, since these
characteristics can impact the body composition.

Since Mourtzakis and cols. (21) demonstrated
that cross-sectional areas of fat and fat-free tissues
at lumbar level measured on CT scanning correlate
strongly with whole-body tissues, innumerous studies
have been published with CT images of abdominal area
quantifying body composition. The technique has found
a potential clinical application in oncology, for research
suggests that the technique may help identify patients
at higher risk for chemoterapy toxicity (14,22-26)
based on higher percentages of VAT or muscle mass
depletion. Other diseases may benefit from the study -
of body composition by imaging. In obese persons,
this may especially important, because of the many
contributions of adipose tissue to the disease. Evaluation

AE&M all rights re:
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and quantification of adipose tissue are fundamental
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in the field of body composition. Understanding
body composition is crucial for understanding human
metabolism and its alterations (27).

CT imaging has potential methodological
limitations and patient-related limitations. An
important patient-related limitation is the presence of
ascites/end stage of liver diseases (28). Fluid in the
abdominal cavity confounds the reading of Hounsfield
units for each component of the body composition in
Slice-O-Matic software, leading to an underestimation
of adipose tissue. The main methodological limitation
is the potential intra- and inter-observer variability.
Lack of standardization, or careless conducting of the
image obtaining procedures (with consequent loss of
accuracy) must be minimized by thorough operator’s
training and the observance of a proper fasting period
before the examination.

In the present study, was observed significant
differences in VAT and SAT measurements between
softwares. This could be due to the greater complexity
of the measurement technique for VAT, that needs to
be manually erased. In relation to SAT analysis, the
difference could partly been explained by the fact that
in OsiriX the cutaneous adipose tissue in not included in
the SAT, in contrast to Slice-O-Matic (18). Due to the
fact that every tissue of interest needs to be manually
selected in OsiriX, in contrast to the other programmes
in which methods of delineating or a painting brush
can be used to select regions of interest, the use of
OsiriX may produce different results in the analysis of
body composition.

Since BMI has been shown to be an imprecise
measurement of fat free mass and fat mass, body
composition analysis with CT images presents great
practical significance for some disease, especially when
physicians routinely use CT for diagnosis and follow-
up of their patients. However, the heterogeneity of the
populations evaluated, as well as the use of different
softwares and scanning sites hampers the very definition
of a “gold standard”.

It is important to highlight the drawbacks of the CT
technique for the evaluation of body composition. CT
is an expensive technique for the health system. The
patient is exposed to X-ray radiation. It is estimated
that 1.5%-2.0% of all cancers in the United States may
be attributable to radiation from CT studies (29).
Nevertheless, the exposure in this technique is only a
fraction of the usual, since a single slice is used. Either
software demands expertise in its use. Slice-O-Matic is
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more user-friendly, but it is not freely distributed and a
paid, relatively expensive license is required. For a setting
of limited funding like the Brazilian health system, this
may represent a decisive characteristic. Additionally,
these softwares present limitations about the operating
systems: OsiriX is only compatible with Macintosh,
while Slice-O-Matic is only compatible with Windows.

In conclusion, the findings suggest that the
use of either software (Slice-O-Matic and OsiriX)
package should to assess changes body composition.
Thus, the decision about the use may be based on
characteristics of each health system and the presence
of technical expertise.

Disclosure: no potential conflict of interest relevant to this article
was reported.
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