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Abstract

Introduction: The use of ultrasound images for analyzing muscle quality and size is continu-
ing to grow in the literature. However, many of these manuscripts fail to properly describe
their measurement techniques and steps involved in analyzing ultrasound images. Aim of this
study: To evaluate the intra- and inter-rater reliability of the steps involved when analyzing
ultrasound images to measure cross-sectional area and echo intensity. Material and methods:
Twenty ultrasound images of the rectus femoris and vastus lateralis images were blinded and
replicated, and then analyzed by experienced raters. The raters then were asked to analyze
the images using open-source software for scaling measurements, subcutaneous fat thick-
ness, cross-sectional area, and echo intensity. Matched image values for each measurement
where compared for intra- and inter-rater reliability. Results: Intra-rater reliability ranged
from fair (ICC3Y1 = 0.32) to high (0.98), with echo intensity values being the least reliable
(>0.55), and scaling and depth measurements being the most reliable (<0.85). Inter-rater
reliability ranged from good (0.77) to high (0.97). Conclusion: Ultrasound- derived measures
of cross-sectional area and echo intensity can be measured reliably, with echo intensity being
the most difficult to replicate. However, reliability measures are unique to the rater and study
and, therefore, should be clearly reported in every paper.

Very often, the reliability of measurements is reported
in the literature®, yet studies sometimes simply specify

More and more studies rely on ultrasonography (US) to
measure muscle quality and size due to the imaging being
a noninvasive and inexpensive procedure easily available
to clinicians. Specifically, cross-sectional area (CSA) and
echo intensity (EI) of skeletal muscles obtained with the
use of ultrasound imaging provide crucial information
regarding muscle composition and quality®. CSA is a mea-
surement of how large the muscle is, while EI is an index
of muscle quality obtained through a gray-scale analysis
of individual pixels within the US image. US images have
been shown to be a valid measure compared to MRIs and
CT scans for both CSA and EI®7,

intraclass correlation coefficients (ICCs) and other reli-
ability statistics®. When working with US imaging, it
is important to understand that it is a two-step process.
First, the technician completes the scan, and then some-
one analyzes the image using dedicated software. Image
analysis also contains multiple steps, and it is imperative
that all steps are done in a reliable and repeatable man-
ner. Other key information related to reliability is if the
technician is a highly skilled scanner, if the scanner’s reli-
ability statistics are high, if the reliability of the analyzer
is high, or all of the above. Some researchers report ICCs
from a single measurement with multiple raters (ICC, )"?,
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several report a single rater with a single measurement
(ICC, )2, and others report a single rater with the average
of the means (ICCZ’k)“’). ICCs tend to range from moderate
(0.50-0.75) to excellent (>0.90). CSA tends to be the high-
est recorded ICCs with a range of (0.81-0.99)¢7812-14 while
EI values tend to have a lower range of (0.71-0.98)©111215.10)
The vast majority of these studies evaluate intra- and inter-
rater reliability of the same muscle but measured on different
days, and no study to date has evaluated the rater’s reliability
in measuring the same image.

In most method sections, the process of analyzing images
is not well described due to the process having multiple
steps and referring to “images were analyzed using”. The
first step is to set a scale by measuring the known differ-
ence between two points. If raters are analyzing the same
image with varying scales, it can ultimately result in dif-
ferent values and hence a lower reliability value. Once the
scale is set, raters use the polygon function to trace the
muscle using the fascia as a guide!'?. If raters do not fol-
low the fascia border, they may include the fascia and thus
arbitrarily increase CSA and EI; conversely, if they are
too conservative, they may miss parts of the muscle. Very
often EI is normalized to subcutaneous fat, but where and
how each researcher records the depth plays a major role
in determining the correct EI values®. All of these inte-
gral steps in analyzing US images are a potential place of
error in data analysis. Therefore, researchers performing
US imaging need to be more informative of their reliabil-
ity and the process to ensure there is a high reliability
rate of US imaging across the literature. Consequently,
the aim of this study is to understand the intra- and inter-
rater reliability of each step in the process of analyzing US
images to obtain EI and CSA values.

Material and methods

Ultrasound assessment

Twenty subjects (mean + SD: age: 20.5 + 2, height: 173 = 7.3 cm,
weight: 60 = 6 kg) volunteered for this study. Prior to any
testing, the participants read and signed an informed consent
form and a health history questionnaire. All the subjects were
free of any neurological disease or musculoskeletal injuries.
The study was approved by the Institutional Review Board for
protection of human participants. (FUIRB #: 10818).

US images were taken with a portable B-mode imaging
device (GE Logiq e BT12, GE Healthcare, Milwaukee,
WI, USA) and a multi-frequency linear-array probe
(12 L-RS, 5-13 MHz, 38.4-mm field of view, GE Healthcare,
Milwaukee, WI, USA). The panoramic function was used to
obtain images of the right Rectus Femoris (RF) and Vastus
Lateralis (VL) in the transverse plane. The images were
taken at 1/2 of the distance between the anterior superior
iliac spine and the superior border of the patella. A high-
density foam pad was secured around the right thigh with
an adjustable Velcro strap to ensure probe movement in
the transverse plane. US settings (frequency: 10 MHz, gain:

45 dB, dynamic range: 72) were kept consistent across
the participants. To scanning depth was standardized to
3.5, as all subjects’ muscles fit in this window. A gener-
ous amount of water-soluble transmission gel (Aquasonic
100 ultrasound transmission gel, Parker Laboratories,
Inc., Fairfield, NJ, USA) was applied to the skin, so that
it immersed the probe surface during testing in order to
enhance acoustic coupling.

The US images were digitized and examined with ImageJ
Software (version 1.46, National Institutes of Health,
Bethesda, MD, USA). First, the images were scaled to
1 cm using the line function and distance marks on the
image. Next, subcutaneous fat thickness measurements
were taken at three locations and averaged using the
line function®. The polygon function was used to out-
line the border of the RF and VL, and then both the EI
and CSA were measured and assessed by computer-aided
grey-scale analysis using the histogram function. The EI
values were determined as the corresponding index of
muscle quality ranging between 0 and 255 A.U. (black =
zero, white = 255) (Fig. 1).

Raters

Two raters underwent two weeks of US analysis training
during which they analyzed over 120 images contain-
ing panoramic US images of the VL and RF muscles.
Once their training was deemed satisfactory (consis-
tent analysis that resulted in similar values across mul-
tiple images), they were assigned to analyze 40 images.
Twenty original images were blinded and doubled, so
that there was a total of 40 images to analyze, with
each image being analyzed twice. The images were then
unblinded and used to compare values for the purpose
of evaluating reliability.

Statistical analysis

Intra-rater and inter-rater reliability were analyzed using
model “3,1” for both raters, 1 & 2. Reliability analysis was
conducted on scaled units, depth (subcutaneous fat thick-
ness), and EI & CSA, for both the RF and VL. The statistics
of interests were intraclass correlation coefficients (ICCs),
the coefficient of variation, the standard error of measure-
ment (SEM), and the minimum difference (MD) values. In
addition, SEM values were also expressed as percentages
of the mean. Test-retest reliability data were analyzed using
dedicated software (Microsoft Excel, Microsoft Corporation,
Redmond, WA, USA). Systematic variability for each vari-
able across the testing days was examined using separate
one-way repeated-measure ANOVAs!'?. Alpha levels were set
a priori at p <0.05 to determine statistical significance.

Results

All results for intra-rater reliability are displayed in Tab. 1.
The results for inter-rater reliability are shown in Tab. 2.
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Fig. 1. Ultrasound image measurements analyzed for reliability

Discussion

As this is one of the first studies to address the reliability of
the process of analyzing US images, we demonstrated rela-
tively high levels of reliability when it came to setting the
scale and depth, with intra-rater reliability of (0.85-0.96),
and inter-rater reliability of (0.87-0.97). This demonstrates
that when the scales are set on the same image, the process
can be considered reliable across raters. This simple step,
which is often overlooked, could be a point of error, but
as the results showed, there is a high reliability level in
trained raters.

Regarding reliability measurements of CSA, the ICC values
were (0.67-0.88) for intra-rater, and (0.87-0.92) for inter-
rater analysis. Our intra-rater reliability showed just how
varied a rater could be when analyzing the same image. In
comparison to other studies!!"12161820 e had similar ICC
values ranging from an inter-rater reliability of 0.75-0.99
and an intra-rate reliability of 0.551-0.92. For EI values,
our results were lower, showing poor intra-rater reliability
(0.32-0.55), but moderate inter-rater reliability (0.77-0.91).
Research indicates that the reliability for EI values ranges
from 0.72 to 0.9201121521.22) "\yith Jenkins et al."V reporting
that the confidence of an ICC for EI is 0.44-0.92, in com-
parison with the confidence interval of CSA amounting to
0.96-0.99.

The coefficient of variation (CV) values were small in setting
the pixel scale (1.89-2.51%), while the depth had a larger
variation, ranging from 7.59 to 10.97%. For CSA, the CV
values were in the range of 3.36-11.66%, and for EI they
ranged from 2.95 to 9.93%. Our studies CV compared to
others©182324 within a range of 2-5% appears to be larger
in variation, so even though EI has a lower reliability rate,
it tends to have lower CV values, which indicates reproduc-
ibility between measurements. Both CSA and EI have low
levels of variation, which shows good relative reliability"?.

Another measurement of reliability is standard error of
measurement. For the scaling and depth measurements,
the relative SEM (%) was good, but we are unable to com-
pare this finding to other data, for this is the only study to
look at the scaling process. However, CSA having SEM (%)
reported between 5-12% isin agreement with the litera-
ture®!112_EI also has low relative SEM values, in the range
of 2-10%, with absolute SEM values of (0.56-1.05), which
are similar to published data®!:12:25-27),

Based on the results of this study and the available litera-
ture, the reliability values of EI are lower than CSA. This
could be due to the sensitivity of the measurement process.
CSA is based on the scale and tracing area of the muscle,
so if you slightly overtrace, the impact on total CSA might
be one hundredth of a centimeter off. However, if you over-
trace with EI, you may include white pixels that are part
of the fascia, thus inflating the values. We demonstrated
that EI is a more sensitive measurement, as the MD val-
ues (0.78-2.92) in the current study were lower than what
has been reported in the literature!''21527, This difference
could be due to the fact that in previous studies the reli-
ability values referred to comparing different images over
multiple days, while this study compared the same images
evaluated twice. Our study resulted in similar MD values
for CSA (1-4 cm?) as in the previous literature' 1219 MD
values often fail to be reported in reliability statistics, but
they are a useful tool when analyzing changes over time,
offering a reference to what is clinically significant com-
pared to what is statistically significant based on the reli-
ability of data”.

The majority of reliability studies address US reliability by
analyzing different images of the same muscle, and with
that comes the variability of image, as not every image is
the same. Factors that are known to affect US scans include
the curvature of the limb, angling of the probe®®, pres-
sure of the probe, and location of the probeV. All of these
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Tab. 1. Intra-rater reliability statistics ultrasound derived measurements of the leg extensor muscles

Scale Depth Rectus femoris Vastus lateralis
Variable (pixels/cm) (cm) CSA (cm?) El (AU) CSA (cm?) El (AU)
RATER 1 2 1 2 1 2 1 2 1 2 1 2
Average 41.5 414 0.82 0.77 6.29 6.21 10.04 10.02 21.78 21.66 12.04 11.91
CV % 2.51 1.89 10.97 10.12 11.66 6.72 6.11 9.93 6.01 5.54 6.95 5.61
Pvalue 0.45 0.42 0.86 0.52 0.47 0.25 0.40 0.36 0.13 0.07 0.32 0.22
ICC. | 0.85 0.88 0.96 0.98 0.74 0.67 0.36 0.32 0.85 0.88 0.55 0.47
SEM 1.69 1.60 0.05 0.04 0.68 0.77 1.00 1.05 1.44 1.38 0.71 0.72
SEM (%) 4.07 3.86 6.10 5.19 10.81 12.40 9.96 10.48 6.61 6.37 5.90 6.05
MD 4.68 4.43 0.14 0.11 1.88 2.15 2.79 292 4.00 3.83 1.97 2.00
CV - coefficient of variation expressed as %; p value - type 1 error rate for the repeated measures ANOVA across images; ICC,, —intraclass correla-
tion coefficient model, ,; SEM - standard error of measurement; SEM (%) - standard error of measurement expressed as percentage of the mean;
MD — minimum difference to be consider real

Tab. 2. Inter-rater reliability statistics ultrasound derived measurements of the leg extensor muscles

Scale Depth Rectus Femoris Vastus Lateralis
Variable (pixels/cm) (cm) CSA (cm?) El (AU) CSA (cm?) El (AU)
Average 41.54 0.79 6.30 10.00 21.72 11.98
CV % 2.01 7.59 7.82 391 3.36 2.95
Pvalue 0.68 0.4 0.12 0.21 0.98 0.45
ICC. | 0.87 0.97 0.87 0.77 0.92 0.91
SEM 1.62 0.04 0.47 0.56 1.11 0.28
SEM (%) 3.90 5.06 7.46 5.60 5.11 2.34
MD 4.49 0.13 1.30 1.56 3.06 0.78

coefficient model, ;
minimum difference to be consider real

CV - coefficient of variation expressed as %; p value - type 1 error rate for the repeated measures ANOVA across images; ICC, |~ intraclass correlation
SEM - standard error of measurement; SEM (%) - standard error of measurement expressed as percentage of the mean; MD -

aspects affect reliability over time when analyzing different
images of the same muscle. Our study, which is the first of
its kind, evaluated the ability to analyze the same image
with different raters. The goal was to understand areas of
variability and the potential for errors in the analysis of
US images.

Conclusions

Overall, measuring reliability for each step during the
research process is key to determining whether US imaging
is a suitable method for CSA and EI measurements. Based
on the results of this study and current literature®'027,
CSA and EI have moderate to high reliability values. This
is the first study to address the reliability of scale and depth
measurements, both of which displayed a high level of reli-
ability. However, as all reliability values are specific to the
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