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Abstract

Echo intensity is the mean pixel intensity of a specific region of interest from an ultrasound image. This variable has been
increasingly used in the literature as a physiological marker. Although there has been an increased interest in reporting
changes in echo intensity in response to exercise, little consensus exists as to what a change in echo intensity represents
physiologically. The purpose of this paper is to review some of the earliest, as well as the most up to date literature regard-
ing the changes in echo intensity in response to exercise. Echo intensity has been used to measure muscle quality, muscle
damage, acute swelling, and intramuscular glycogen. The changes in echo intensity, however, are not consistent throughout
the literature and often times lead to conclusions that seem contrary to the physiologic effects of exercise. For example, echo
intensity increases in conjunction with increases in strength, contrary to what would be expected if echo intensity was a
marker of muscle quality/muscle damage. It is conceivable that a change in echo intensity represents a range of physiologic
effects at different time points. We recommend that these effects should be determined experimentally in order to rule out
what echo intensity might and might not represent. Until this is done, caution should be employed when interpreting changes
in echo intensity with acute and chronic exercise.

Keywords Muscle quality - Edema - Muscle damage - Glycogen content - Fluid shift - Muscle swelling - Ultrasound -
Intracellular - Exercise

Introduction

A variety of imaging techniques are available for examin-
ing skeletal muscle components. Although not the same, the
most popular methods include magnetic resonance imaging
(considered the gold standard) [1], computed tomography
[2], and ultrasonography [3, 4]. Among these, ultrasonog-
raphy is reported to be the most accessible, noninvasive,
and practical method for imaging changes in muscle size
[5, 6]. Given this, there has been an increased use of ultra-
sound (i.e. brightness mode [B-mode] ultrasonography) in
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resistance exercise studies to quantify muscle size [3—-10].
Ultrasound has also been used to quantify echo intensity
[11-13], which is a variable that can be obtained from the
same image used to assess skeletal muscle size.

Changes in echo intensity have been investigated in
response to resistance exercise in both acute [4, 14-18] and
chronic [3, 7-10, 12, 19-56] studies involving skeletal mus-
cle. Echo intensity relates to the pixel density of the image
and was initially quantified by visual scoring (arbitrarily
depicting if an image is darker or lighter) from ultrasound
images [13]. Although a few techniques exist in order to
extract an arbitrary unit for echo intensity, most research-
ers now use image-processing programs, such as ImageJ
(National Institute of Health, Bethesda, MD, United States)
to determine echo intensity based on quantifying the pixel
intensity of an ultrasound image (Fig. 1). Echo intensity
is determined by drawing a region of interest on the ultra-
sound image without including subcutaneous fat or bone.
This region of interest may be a pre-specified sized box [3,
31, 33, 36, 40, 42, 48-51, 53, 54], a box containing as much

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40477-019-00424-y&domain=pdf

458

Journal of Ultrasound (2020) 23:457-472

“FR 24
LPRE1A c A0% 100

CHI
Frq
Gn
SIA
2-Map BI0
D 7.0

DR 75
b+ 4

0 Intensity (unweighted)

Count: 54522 Min: 0
Mean: 35.351 Max: 211
StdDev: 24.261 Mode: 20 (2337)

Fig.1 Comparison of echo intensity from pre and post resistance
exercise. The settings are the same from pre to post ultrasound imag-
ing. The image on the left depicts the left anterior thigh before exer-
cise and the figure on the right depicts the left anterior thigh immedi-

of the muscle as possible [4, 7, 8, 10, 20, 23, 24, 27, 35, 37,
57, 58], or free hand tracings between the adipose tissue and
bone [9, 15]. The majority of studies on echo intensity use
a scale between 0 (black) and 255 (white) [4, 20, 24] or O
(black) to 256 (white) [29, 31, 34]. However, other studies
use a reverse scale ranging from 0 (white) to 100 (black) [14,
16, 19]. Interestingly, although there has been a heightened
interest in reporting changes in echo intensity in response to
exercise, little consensus exists as to what a change in echo
intensity represents physiologically. Although not currently
known, many hypotheses exist regarding what changes in
echo intensity might represent. The purpose of this paper
is to review the past literature regarding changes in echo
intensity in response to exercise and future considerations
towards the usefulness of this measurement technique along
with what echo intensity may or may not represent.

Methods
Literature search and inclusion criteria

Different available databases were searched to find studies
on the use of ultrasonography and the changes in echo inten-
sity in response to exercise. The databases used included
PubMed (Public/Publisher Medline), Google Scholar, Sco-
pus, Embase (Elsevier), and OVID (Offshore Vessel Inspec-
tion Database). The time frame of the search was from May
to August 2019. Search terms that were used to locate these
studies were: “echo intensity and muscle damage”, “echo
intensity and muscle quality”, “echo intensity and mus-
cle quality and exercise”, “echo intensity and edema and

”, “echo intensity and edema”, “changes in echo

exercise”,
echo intensity and exercise”, “MuscleSound

EEINT3

intensity”,
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ately after exercise. The yellow box represents the region of interest.
The histograms display quantification of the echo intensity for each
image

glycogen”, and “echo intensity skeletal muscle ultrasound”.
Other studies were then located within the studies that we
were reviewing. Studies were included in this review if
changes in echo intensity caused by exercise were reported.
The focus of this review was on human data. Studies using
animals were only included to provide the origin of spe-
cific ideas from later studies. Studies were excluded if they
were case studies, did not include exercise, if they did not
look at the changes in echo intensity, and if the studies were
not written in English. Studies utilizing animals and/or not
investigating changes in response to exercise were excluded
from our tables, but we did provide discussion from these
studies where we felt pertinent.

Results
Muscle quality

Muscle quality is an umbrella term used to describe the
relationship between muscle function and the intramuscular
structures. Traditionally, muscle quality has been defined as
muscle strength or power per unit of muscle mass [59, 60].
With inactivity and aging, there has been some suggestion
that the contractile tissue might be replaced by fibrous and
adipose tissue, thus decreasing the quality of muscle [47,
61-63]. This has been determined in humans by quantify-
ing changes in echo intensity [7-10, 20-27, 45, 47, 57, 64]
(Table 1). It has been stated that an increase of echo intensity
represents changes caused by increased fibrous and adipose
tissue [62, 65]. The lower (darker) the echo intensity, the bet-
ter the quality of muscle [7-10, 20-27, 45, 47, 57, 64]. This
hypothesis is based on past literature observing older adults
with muscle disease [62, 66] and observations in dogs with
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muscular dystrophy that reported that animals with higher
echo intensities also had higher interstitial fibrous tissue
content [67].

Although echo intensity is used as a marker for changes
in muscle quality [7-10, 20-27], studies using changes in
echo intensity as a proxy have produced inconsistent results
following resistance training (Table 1). Echo intensity has
been reported to decrease [7, 20-24, 26, 27, 46], increase
[25, 27, 57], or remain unchanged [8-10, 21, 27, 44-46, 64]
following repeated bouts of resistance exercise. Using the
traditional definition, a decrease in echo intensity should
correspond to an increase in muscle strength per unit of
muscle mass [9, 20]. The use of echo intensity is based on
the assumption that a change in intramuscular content will
impact performance. An increase in echo intensity should
represent a reduction in performance as that would indi-
cate lower muscle quality. In contrast, a decrease in echo
intensity should occur with an improvement in performance.
Scanlon and colleagues implemented a 6-week resistance
training program with a non-exercise time matched control
group [64]. There were group X time interactions for mus-
cle strength and cross-sectional area, indicating that the
muscle size and strength increased across time. However,
there was no interaction with echo intensity, suggesting that
echo intensity did not change with resistance training [64].
A study by Yoshiko et al. [26] observed a decrease in echo
intensity (indication of improvement in muscle quality) fol-
lowing 6 months of resistance training but echo intensity
returned back to baseline in the next 6 months. This return to
baseline occurred despite continued training with resultant
strength increases [26]. Although changes in muscle quality
are predicted based on changes in echo intensity, it seems
unlikely that there were exercise induced decreases followed
by increases in intramuscular fibrotic/adipose tissue. Based
on these inconsistent findings, the use of exercise induced
changes in echo intensity for inferring changes in muscle
quality should be made with caution.

Muscle damage

Resistance exercise, particularly unaccustomed exercise, can
lead to muscle damage in the days following the bout of
exercise. Exercise induced muscle damage is often deter-
mined based on changes in indirect markers such as strength,
blood proteins (i.e. myoglobin and creatine kinase activity),
soreness, and swelling. More recently, the change in echo
intensity as measured via ultrasound has been used as a
marker for muscle damage [3, 12, 19, 28-44, 48-56, 68,
69] (Table 2). An increase in echo intensity has also been
used prevalently in the literature to represent tissue (connec-
tive and muscle) damage, and inflammation. This increase
of echo intensity (i.e. brighter image) has been suggested to
represent the accumulation of inflammatory cells between

muscle fibers [12, 31, 70]. Since the infiltration of inflamma-
tory cells is known to peak 3—4 days after a muscle damag-
ing event, various studies have concluded that the increase in
echo intensity during that time period allowed them to infer
that echo intensity is a measurement of exercise-induced
edema and inflammation [3, 33, 39, 40].

Studies investigating echo intensity 72 h following resist-
ance exercise (typical time course of exercise-induced mus-
cle damage) seem to provide some evidence that changes in
echo intensity could be detecting edema and inflammation
associated with exercise-induced muscle damage [3, 12, 28,
30, 31, 49-54, 68, 71]. However, echo intensity has been
shown to be elevated up to 10 weeks following the initiation
of a traditional resistance training program [34]. Of note,
muscle strength increased throughout the study which con-
trasts with the idea that the muscle was damaged. Another
study also observed changes in echo intensity following the
initial 5 weeks of a 10-week resistance training program.
After the first 5 weeks, echo intensity decreased towards
baseline [43]. Although the elevation in the first 5 weeks
seems to corroborate that this was a detection of exercise-
induced muscle damage, there are a few points of consid-
eration. First, the high load exercise condition consisted of
three sets of 10 repetitions at 80% of the participant’s con-
centric one-repetition maximum on a single exercise (i.e.
leg extension). Given that this was performed twice a week,
it is worth considering whether this was actually damag-
ing. Second, the other exercise group was completed with
low loads in combination with blood flow restriction, which
is not commonly associated with exercise-induced muscle
damage [72]. Third, and perhaps most important, all groups
(traditional high load, high load with blood flow restriction,
and low load with blood flow restriction) increased strength
throughout the study. This is seemingly unexpected from
a muscle that is damaged [43]. For example, a damaged
muscle is not expected to be stronger than an undamaged
muscle. This suggests that the ability of echo intensity to
inform changes in edema/muscle damage may need to be
reconsidered but perhaps not disregarded.

Acute swelling

The change in echo intensity has also been used to provide
insights into the balance between extracellular and intra-
cellular fluid in studies investigating acute changes in cell
swelling [4, 15, 18] (Table 3). For example, some have
hypothesized that short-term changes in intracellular swell-
ing are important, mechanistically, for long-term changes in
muscle size [73, 74]. This index of acute swelling was tradi-
tionally determined based on acute changes in muscle thick-
ness and the resultant change in plasma volume estimated
from hematocrit [73, 75]. Given the idea that echo intensity
relates to edema, changes in this variable were recently used
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Table 3 Changes in echo intensity used as a marker of acute swelling

References Participants Exercise Measurement  Measure- Posture of  Region of Results Notes
(age in years) site ment time measure- interest
points ment
Wong et al. [4] 96 men and 4 x failure uni- 70% of arm Pre and post  Supine As much of No change and There were 2
women lateral biceps muscle with decrease experiments
(18-35) curls at 40% a box b/w fat with the
IRM and bone same exer-
cise protocol
yielding
different EI
results
Yitzchaki et al. 49 men and 4 x failure uni- 70% of arm Pre and post  Standing Tracing of No changes Probe tilt
[15] women lateral biceps muscle b/w controlled
(23+3) curls at 70% fat and bone with liquid
IRM level
Muddle etal. 22 men Isometric 66% of VL Pre and post  Supine As much of Increased col- VL EI>RF EI
[18] (22.7+3.5) contractions and 50% of the muscle lapse across
to fatigue at RF muscle
30 or 70%
1RM

Acute swelling was used to quantify the pixel intensity of the ultrasound image. The grayscale of 0-255 using Image] was quantified as the
lower the echo intensity, the more swelling (from fluids) in or around the muscle

N/A not available, b/w between, VL vastus lateralis, RF rectus femoris, EI echo intensity

as a non-invasive way to determine whether the acute change
in muscle thickness was due to an intracellular shift or rather
due to the fluid accumulation around the fibers [4, 15, 18].
Wong and colleagues found inconsistent results for changes
in echo intensity when implementing unilateral bicep curls
in combination with blood flow restriction [4]. In their first
experiment, four sets of exercise produced no change in echo
intensity, but the same protocol produced a decrease in their
second experiment. Other studies have found no changes [4,
15] or instead increases [18] following exercise. Although
limitations exist with using acute changes in muscle thick-
ness as a marker of intracellular fluid shifts, the ability to
use echo intensity as a marker of fluid location does not
seem to provide additional insights. It is not known why the
same exercise protocol produced consistent acute changes
in muscle thickness but different results for changes in echo
intensity [4].

Glycogen content

Skeletal muscle utilizes glycogen to produce energy in
response to exercise. Typically, the invasive biopsy tech-
nique is needed to quantify changes in muscle glycogen.
Although, recently challenged [17], it has been proposed
that changes in echo intensity may be able to non-invasively
determine changes in muscle glycogen [14, 16]. Instead of
using the echo intensity grayscale (0-255) where 0 is dark
and 255 is white, the software used to determine glycogen
is from O to 100 and the scale is reversed. In other words,

@ Springer

0 indicates a white image and 100 indicates a black image.
Although the scale is different, the technology is based on
changes in echogenicity. Echo intensity is thought to detect
changes in water content. Glycogen is hydrophilic, which
means it attracts water. Thus, when muscle glycogen content
is high, the ultrasound image is hypoechoic (black). Con-
versely, when the ultrasound image is whiter, the muscle gly-
cogen content is low. The scale (0-100) was likely reversed
so that a drop in muscle glycogen would correspond to a
drop in the echo intensity score (i.e. whiter image). Using
the traditional scale, this would have corresponded to an
increase in echo intensity score (i.e. 0-255 scale, whiter
image).

Early work suggested that changes in echo intensity
might correspond to changes in muscle glycogen follow-
ing exercise [14, 16] (Table 4). However, recent work has
found changes in muscle glycogen but no change in echo
intensity after exercise [17]. This finding led Routledge and
colleagues [17] to conclude that there was no relationship
between changes in echo intensity and changes in muscle
glycogen as measured via biopsy. Other work would seem to
corroborate this [4], where echo intensity was suggested to
decrease (i.e. darker) following exercise previously shown to
decrease muscle glycogen [76]. If changes in echo intensity
correspond to changes in glycogen, then this would have to
be interpreted as an increase in glycogen following acute
exercise. Taken together, it seems unlikely that changes in
echo intensity correspond to changes in muscle glycogen
following exercise.
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Table 4 Changes in echo intensity used as a marker of glycogen content

References Participants Exercise Measurement  Measure- Posture of ~ Region of Results Notes
(age in years) site ment time measure- interest
points ment
Hill and San 22 men 90 min Mid-point of ~ Pre and post N/A Nonspecific Decreased Men contracted
Millan [16] (31.3+£5.1) cycling VL (avoided after exer- quads for
skin and tis- cise imaging
sues below
RF or VL)
Niemanetal. 20 men 75-km cycling VL Pre and post N/A Nonspecific Decreased Averaged out of
[14] (18-55) (avoided after exer- 3 images
skin and cise
bone)
Routledge 14 men 80 min rugby  50% of VL via Pre and post Supine N/A No changes Biopsies indi-
etal. [17] (18.2+0.8) match ultrasound cated glycogen

decreases
(40-50%)

MuscleSound (0-100) was used to quantify the pixel intensity of the ultrasound image. O indicates low glycogen as 100 indicated high glycogen

N/A not available, VL vastus lateralis, RF rectus femoris

Future research and considerations
Manipulation of single variables

Measurements incorporating echo intensity requires further
research in order to determine what echo intensity is actu-
ally representing. The manipulation of different variables to
see what impact that manipulation has on changes in echo
intensity would be a preferred method to better address what
changes in echo intensity represent physiologically. For
example, Dankel et al. [77] manipulated the acute swelling
response to observe whether echo intensity tracked with this
manipulated collection of fluid. Manipulations of other vari-
ables can be done in a similar fashion to see what effect this
may or may not have on changes in echo intensity.

Mechanical considerations

One consideration to make when assessing changes in echo
intensity is the control for the probe tilt of the ultrasound
transducer. Electrical levels with digital readers [4, 77, 78]
and liquid levels [15] has been implemented in research eval-
uating the change of echo intensity. Although muscle size
measurements have been observed to not be highly influ-
enced by the ultrasound probe tilt (probe was tilted ranging
within 6° perpendicular to the muscle), there are significant
changes in echo intensity [78]. When looking at changes in
echo intensity (the focus of this review), the tilt can be par-
tially accounted for without a level by using a single tester.
This is because it would be expected that the technique
used at pre would be a similar technique used at post. Of
course, a non-exercise time matched control group would
also help give confidence to the results. Ultrasonography

settings (particularly gain) can modify the intensity of the
measurement (Fig. 2). Thus, these settings should also be
noted in future literature to ensure that the same settings
were used for all testing (especially at pre and post). If the
gain is not all the way up or all the way down and is the same
setting both at pre and post, the direction of change should
be consistent. Importantly, although the direction of change
will likely be the same across a range of settings, the mag-
nitude of change will likely be different. Probe sites should
also be considered, as measurements from different muscle
regions might result in different responses [79]. However,
with respect to the impact of exercise, the important question
would be “do different regions of the muscle result in differ-
ent changes?” rather than “does echo intensity differ along
the length of the limb?”. It is also likely important to ensure
that the skin is not being depressed by the probe. Using a
generous amount of gel may help prevent this but may also
in and of itself contribute to changes in echo intensity.

Physiological state after resistance exercise
considerations

An acute swelling response has been evident after resistance
exercise, especially when using blood flow restriction [4,
74]. It is possible that the state of the muscle immediately
after exercise is different than the state of the muscle after
a chronic training period. For example, the acute swelling
response may produce differential effects depending on the
muscles architecture. In a pennated muscle [80], the acute
change in the orientation of fibers following exercise may
have a greater impact on the ultrasound echo than a non-
pennate muscle. In addition, the impact of muscle tempera-
ture may need to be considered. Muscle temperature has

@ Springer



468

Journal of Ultrasound (2020) 23:457-472

Fig.2 Comparisons of echo
intensity using the same image
but with different settings for
gain. The top image represents
an image with the gain at 49,
which is commonly used in

the previous literature. The
histogram connected to this
figure also provides the mean
echo intensity as 35.35 AU. The
middle figure represents the
same image with the gain set at
75. The echo intensity is 123.77
AU with a higher gain setting.
The bottom figure represents the
same image with a low gain set-
ting of 25. This brings the mean
echo intensity down to 2.83 AU.
The yellow box represents the
region of interest

@ Springer
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been shown to be elevated during and immediately after
resistance exercise (around 2 °C) with a gradual reduction
of temperature during the initial minutes following exercise
[81]. Thus, if an ultrasound image of a muscle is to be taken
immediately after exercise, it would be at a slightly higher
temperature than before exercise. For example, all of the
acute studies included in this review [4, 14—18] were meas-
ured when the muscle was likely at an elevated temperature.
Nevertheless, one paper by Wong et al. [4] found differential
responses to the same exercise bout. It is unlikely that tem-
perature was elevated following one bout of exercise and
not the other. Although muscle temperature is an interest-
ing variable to consider with changes in echo intensity, it
may not be able to explain the changes observed following
exercise.

Reliability

The reliability of a measurement will ultimately determine
the ability to determine a change in any given variable. With
echo intensity, many studies report intra-class correlations
[23, 24, 35] and some report correlation (r value) coeffi-
cients [14, 16]. However, both of these are highly influenced
by the variance of echo intensity in the sample. Providing
the standard deviation of the difference score (Test 2-Test
1) multiplied by 1.96 may provide a better indicator or reli-
ability in the units to which they were measured. Others may
choose to report a % coefficient of variation. The reliability
of echo intensity appears to be relatively poor. For example,
when echo intensity was measured twice within the span
of a minute, the coefficient of variation was 3.3% for echo
intensity and 0.7% for muscle thickness [77]. Therefore,
it is important to understand that echo intensity can differ
between two images taken within a minute in a scenario
where the probe never left the surface of the skin. Once
more, the use of a non-exercise time matched control con-
dition (group) may be important to ensure that any change
observed from the intervention exceeds that of random
noise.

Conclusion

Echo intensity, quantified from the pixel intensity of an
ultrasound image, is purported to represent several differ-
ent physiological effects as noted in literature. However, in
response to exercise, the change in echo intensity seems to
respond in a multitude of different ways. For example, the
increase in echo intensity could be interpreted as a decrease
in muscle quality, an increase in edema/inflammation, and a
decrease in muscle glycogen. A decrease in echo intensity,
which is also observed, would indicate the exact opposite.
It is conceivable that a change in echo intensity represents

all of these purported physiologic effects at different time
points. We recommend that these effects be determined
experimentally to rule out what echo intensity might and
might not represent. Until this is done, caution should be
employed when interpreting changes in echo intensity as
a main marker for physiological changes after acute and
chronic exercise.
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