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High end ultrasonography devices lack in portability and are expensive. We
investigated the agreement and reliability of a handheld and portable ultrasound
system for human lower limb muscle architecture measurements. We captured
ultrasound images of the rectus femoris (RF), vastus lateralis (VL) and
gastrocnemius medialis (GM) in 36 active healthy participants (15 female,
21 male) at 50% of muscle length using the handheld Lumify (L12-4, linear-
array 37 mm, Philips Healthcare, Amsterdam, Netherlands) and a high-end
laboratory device (ACUSON Juniper, linear-array 54 mm, 12L3, SIEMENS
Healthineers, Erlangen, Germany). We compared measurements of muscle
fascicle length, pennation angle and thickness. To assess inter-session
reliability of the Lumify system, participants were measured twice within
1week. Comparing RF architecture measurements of both devices resulted
in intra-class correlations (ICCs) ranging from 0.46-0.82 and standardized
mean difference (SMDs) ranging from —0.45-0.05. For VL, ICCs ranged from
0.60-0.89 and SMDs ranged from —0.11-0.13. ICCs and SMDs for the GM
ranged from 0.82-0.86 and —0.07-0.07. Calculating inter-session reliability for
RF resulted in ICCs ranging from 0.44-0.76 and SMDs ranging
from -0.38-0.15. For VL, ICCs and SMDs ranged from
0.57-0.75 and -0.13-0.02. ICCs for GM ranged from 0.75-0.92 and SMDs
ranged from —0.15-0.16. Measurement of muscle thickness demonstrated the
highest agreement (ICC >0.82) and reliability (ICC >0.75) across all muscles. The
Lumify system was comparable to a high-end device and reliable for GM
measurements. However, agreement and reliability were lower for the RF
and VL. Of all evaluated architectural parameters, muscle thickness exhibited
highest agreement and reliability.
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1 Introduction

Modern day, high-end ultrasonography devices still are
and flat
underground for transportation. Although most devices can

relatively expensive and bound to elevators
be moved between assessment rooms, fast transportation
across longer distances as well as availability for immediate
assessment in the field is limited. Recently, ultrasonography
devices consisting solely of a probe, an app, and/or a mobile
display were introduced. Exemplars of these devices are, among
others, the Philipps Lumify (Philips Healthcare, Amsterdam,
Netherlands), the GE Healthcare Vscan Air (GE Medical
Systems, Chicago, United States) or the Sonosite Iviz
(FUJIFILM Sonosite, Bothell, United States). The devices
500 g, thus (nearly)

unrestrained portability (Toscano et al., 2020). Furthermore,

usually weigh under and inherit
they are cheaper, with purchase prices usually being less than
a quarter of high-end devices.

Overall, ultrasonography has many potential applications,
and several investigations already examined the feasibility of
using portable probes. Toscano et al. (2020) reported high
sensitivity and specificity when investigating basic gynecology
pathologies using the Lumify or Iviz probes. Johnson et al. (2022)
on the other hand determined the Lumify probe to be accurate
for measurements of the optic nerve sheath diameter in
simulation models. Moreover, other investigations
demonstrated that the Lumify probe can be used for point-of-
care ultrasound training (Drake et al., 2021) and plastic surgery
(Miller et al., 2018).

Apart from these applications, ultrasonography can be used
to assess muscle architecture (Esformes et al., 2002; Narici et al.,
2003; Franchi et al., 2018; Sarto et al.,, 2021). Ultrasonography
measurements of muscle architecture are valid and reliable
(Blazevich et al., 2006; Bénard et al., 2009; Bolsterlee et al.,
2015; Scott et al., 2017; Geremia et al., 2019; Franchi et al,,
20205 Nijholt et al., 2020). The architecture of a muscle is defined
as arrangement of a muscle’s fibers relative to the force
generation axis and characterized by fascicle length, pennation
angle and thickness (Gans and Bock, 1965; Lieber and Frieden,
2000). Muscle architecture, especially of the lower limb, is not
only important to aspects of physical performance (Sarto et al.,
2021), but also to clinical outcomes (Onambele et al., 2006;
Onambélé et al, 2007; Puthucheary et al, 2013; Stenroth
et al., 2015; Paillard, 2017; van Alfen et al., 2018; Narici et al.,
2021).

Yet, to the best of our knowledge, the comparability and
reliability of portable probes to assess muscle architectural
parameters has not been investigated. This however is relevant
for both, a sports performance and medical context. Portable
probes would allow for cost-effective, on-site athlete or patient
screenings of muscle architecture as well as diagnosis of
pathologies or injury. Furthermore, portable probes can be
easily transported to allow for uncomplicated assessment of
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athletes belonging to different teams or patients in different
hospital units. Moreover, due to lower acquisition cost,
of
ultrasonography to assess muscle architecture. This could lead

portable probes might facilitate a broader usage
to a better understanding of the significance of muscle
architecture and its relation to performance and clinical
outcomes. Therefore, the aim of this investigation was to
determine the comparability and reliability of a portable probe
(Philips  Lumify)

measurements. For this, we compared the portable probe

for lower limb muscle architecture
measurements to those of a high-end device and assessed test-

retest reliability of the portable probe.

2 Materials and Methods

We conducted B-mode ultrasonography measurements of
lower limb muscle architecture in 36 participants (15 female (age:
25.9 + 2.7 years, height: 166.7 + 3.9 cm, body mass: 59.9 + 5.8 kg,
skeletal muscle mass: 25.7 + 2.8 kg, fat mass: 13.3 £ 2.9 kg),
21 male (age: 31.5 + 7.0 years, height: 177.7 + 7.2 cm, body mass:
71.5 + 8.6 kg, skeletal muscle mass: 34.5 + 5.0 kg, fat mass: 10.6 =
4.5 kg)). Participants were required to be older then 18 years,
healthy and without injury of the lower limbs within the prior
6 months. We asked the participants to refrain from exercise 24 h
prior to the measurements. The study protocol was approved by
the local ethics committee (Ethics Committee of North-Western
and Central Switzerland, approval number: 2020-02,034) and
complied with the Declaration of Helsinki. Participants signed an
informed written consent prior to the start of the study after
receiving all relevant study information.

To test the agreement of a 37-mm linear array portable probe
(L12-4, Philips Healthcare, Amsterdam, Netherlands), we used
one high-end ultrasonography device with a 56-mm linear array
probe (12L-3, Acuson Juniper, SIEMENS Healthineers, Erlagen,
Germany) as the gold standard. We used a Samsung Galaxy Tab
S6 (Samsung, Seoul, South Korea) as mobile display in
combination with the portable Lumify probe.

Subsequently to collection of anthropometric data, we
acquired longitudinal, static ultrasonography images of the m.
rectus femoris, m. vastus lateralis and m. gastrocnemius medialis.
We selected these muscles as they are the most relevant (and
most investigated) to functional and clinical outcomes
(Onambele et al., 2006; Onambélé et al., 2007; Puthucheary
et al, 2013; Stenroth et al., 2015; Paillard, 2017; van Alfen
et al., 2018; Narici et al., 2021; Sarto et al., 2021). Participants
rested in a supine position for 5 minutes prior to acquisition of
rectus femoris and vastus lateralis images. First, we determined
and marked 50% of the distance between the proximal and distal
muscle tendon junction. Moreover, we marked the muscle
midpoint at this location as the middle of the distance
between the medial and lateral muscle border assessed by
ultrasonography. Following the placement on the region, we
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FIGURE 1

Longitudinal muscle ultrasonography images using the Philips Lumify and Siemens Acuson Juniper devices. Images acquired with the Lumify
are (A) m. gastrocnemius medialis, (B) m. vastus lateralis, and (C) m. rectus femoris. Images acquired with the Acuson Juniper are (D) m.
gastrocnemius medialis, (E) m. vastus lateralis, and (F) m. rectus femoris. Images displayed here were acquired in different participants, except for m.

gastrocnemius medialis images.

adapted the orientation of the probe according to fascicle plane
(Bolsterlee et al., 2016). Subsequently, we took three images per
muscle at this location (Figure 1) (Reeves et al., 2009; Franchi
et al., 2015).

For gastrocnemius medialis measurement, participants
were transitioned to a dynamometer (Isomed 2000; D. & R.
Ferstl GmbH, Hemau, Germany) and placed in a prone
position and rested for 5minutes. The right foot was
secured at an angle of 25° plantar flexion and we
determined 50% of the distance between the proximal and
distal muscle tendon junction (Narici et al., 2003). Again, we
and marked medio-lateral muscle midpoint,
the probe
orientation and acquired three images (Figure 1) (Narici
et al.,, 2003; Bolsterlee et al.,, 2016). We employed a cross-
over design for all muscles, always acquiring images with the

assessed

orientated according to muscle fascicle

high-end device first. We used the same marked locations
upon collection of the images with the Lumify probe.
Furthermore, we assessed the test-retest reliability of the
Lumify probe. Therefore, participants were invited for a
second investigation 1 week later and three images per muscle
were collected with the portable probe. Participants reported to
the laboratory at the same time of day (+ 1 hour). Re-marking of
the muscle tendon junctions and muscle midpoints was
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necessary, as we did not instruct the participants to remark
the locations by themselves.

All images were collected by an experienced investigator (PR)
with 4years of experience in acquiring and analyzing
ultrasonography images (more than 1,000 acquired images of
each of the here investigated muscles). We used a semi-
automated tool SMA software (Seynnes and Cronin, 2020) to
analyze the images and assess parameters muscle thickness,
fascicle length and pennation angle. For each parameter, we
computed the mean of at least two images. For every image, SMA
computes the dominant fascicle orientation (Seynnes and
Cronin, 2020). Then, fascicle length and pennation angle are
calculated using the computed orientation and the two detected
aponeuroses (Seynnes and Cronin, 2020). Muscle thickness is
calculated as the mean distance between the two detected
aponeuroses (Seynnes and Cronin, 2020). We used the
maximum orientation value in each parameter and one value
is calculated for each parameter for further analysis (Seynnes and
Cronin, 2020). Analysis results were visually inspected and the
analysis parameters were adapted in case the result was
erroneous. It was demonstrated SMA is comparable to manual
analysis (current gold standard for muscle architecture analysis)
in the assessment of muscle thickness, fascicle length and
pennation angle (Seynnes and Cronin, 2020).
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TABLE 1 Comparability statistics of the portable Lumify system and the high-end device.

Parameter = Mean value Lumify =~ Mean value high-end
GM FL 55.0 £ 112 55.1 + 11.0

GM PA 217 £55 214 £ 46

GM MT 186 £ 3.5 189 + 3.4

RF FL 87.5 +13.5 82.7 +10.9

RF PA 152 + 2.7 16.4 + 2.8

RF MT 212 + 34 214 +32

VL FL 81.2 % 9.9 79.9 +12.0

VL PA 143 + 238 14.6 + 2.4

VL MT 212£25 211 £27

ICC

0.84 (0.71,0.92)
0.87 (0.75,0.93)
0.89 (0.79,0.94)
0.46 (0.15,0.69)
0.42 (0.11,0.66)
0.82 (0.67,0.91)
0.80 (0.64,0.90)
0.60 (0.33,0.78)
0.89 (0.79,0.94)

10.3389/fphys.2022.981862

SEM SEM%  Mean Bias SMD

45 (3.05.7) 7.8 0.1 (-12.4,12.5) 0.1 (<0.4,0.5)
1.9 (1.42.3) 8.4 -0.3 (-5.5,4.9) -0.1 (-0.5,0.4)
12 (0.9,1.4) 6.6 03 (-3.0,3.5) 0.1 (-0.4,0.6)
86 (6.7,103) 107 -4.8 (-28.7,19.1)  —0.5 (-0.9,0.1)
1.9 (1.5,2.4) 125 12 (-44,6.7) 0.4 (=0.1,0.9)
14 (1.1,1.7) 65 02 (-3.84.1) 0.1 (-0.4,0.5)
49 (34,6.1) 6 -14 (-148,12.1)  —0.1 (-0.6,0.4)
1.6 (1.2,2.0) 12.6 03 (-4.2,4.8) 0.1 (-0.4,0.6)
0.9 (0.6,1.1) 43 -0.1 (-2.5,2.4) -0.1 (-0.5,0.5)

All values calculated for m. gastrocnemius medialis (GM), m. rectus femoris (RF) and m. vastus lateralis (VL) comparing the Lumify probe to a high-end device. Parameters of comparison

were fascicle length in mm (FL), pennation angle in ° (PA) and muscle thickness in mm (MT). Mean values + standard deviation. Consecutive pairwise intra-class correlation coefficient

(ICC) and standard error of measurement (SEM) with 95% compatibility interval. Standard error of measurement is also displayed in percent (SEM%). Mean bias and standardized mean

bias (SMD) with limits of agreement set to + 1.96 standard deviations.

2.1 Statistics

All statistical analyses were performed using R software (R
Core Team, 2020) (rstudioapi, BlandAltmanLeh, readxl, irr,
MBESS packages). Normality was assessed for all parameters
using visual inspection (scatterplots, histograms and QQ-
plots) and Shapiro-Wilk tests. We compared the portable
probe measurement results to the high-end device
measurement results for all muscles. For this purpose, we
calculated consecutive-pairwise intra-class correlations (ICC),
standard errors of measurement (SEM) and percentage
standard errors of measurement (SEM%) with 95%
compatibility intervals (CI). We classified the ICC values
according to Koo and Li (2016) with ICC values of less
than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and
greater than 0.9 are poor, moderate, good and excellent (Koo
and Li, 2016). We used Bland-Altman analysis (Bland and
Altman, 1986) to test the measurement agreement of the
portable probe with the high-end device. We set the limits
of agreement to + 1.96 standard deviations (SD). We
calculated the standardized mean bias according to Hopkins
et al. (2009), with 0.1, 0.3, 0.6, 1.0 and 2.0 being small,
moderate, large, very large and extremely large errors.
Furthermore, we investigated test-retest reliability of the
portable probe by calculating ICCs, SEMs, SEM% with 95%
CI. We classified the ICC values according to Koo and Li
(2016) with ICC values of less than 0.5, between 0.5 and 0.75,
between 0.75 and 0.9, and greater than 0.9 indicating poor,
moderate, good and excellent reliability (Koo and Li, 2016).
We calculated mean bias and standardized mean bias between
test sessions. We categorized standardized mean bias as 0.1,
0.3, 0.6, 1.0 and 2.0 for extremely high, very high, high,
moderate, and low reliability (Hopkins et al., 2009).
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3 Results

Mean values, ICCs, SEMs, SEM%, mean bias, and
standardized mean bias of all muscles comparing the portable
probe to the high-end device are shown in Table 1. Overall, the
gastrocnemius medialis displayed the highest agreement between
the two device types and rectus femoris the lowest. Measurement
errors of the portable probe for gastrocnemius medialis were
small in all parameters. In contrast, measurement errors of the
portable probe for vastus lateralis were small for muscle
thickness, whereas errors for fascicle length and pennation
angle were moderate. Measurement of the portable probe
errors for rectus femoris were large for fascicle length and
pennation angle, yet muscle thickness measurement errors
were small. Considering ICC values, portable probe
assessment of architectural parameters in the gastrocnemius
medialis according to Koo and Li (2016) ranged from
moderate to excellent (95% CIs included). For the rectus
femoris and vastus lateralis, ICC values can be classified as
low to excellent (95% ClIs included), demonstrating a large
variability between parameters. Taking the investigated
muscles together, ICCs, SEM%, and standardized mean bias
for fascicle length ranged from 0.457 to 0.899, 6-10.7%, and
-0.45 to 0.01. For pennation angle, ICCs, SEM%, and
standardized mean bias ranged from 0423 to 0.865,
8.4-12.6%, and —0.07 to 0.43. Comparison of muscle thickness
resulted in ICCs, SEM%, and standardized mean bias ranges of
0.821-0.889, 4.4-6.6%, and —0.02 to 0.07. Results of the Bland-
Altman analysis can be found in Figure 2. There is no indication
of heteroscedasticity in all muscles and parameters. Rectus
femoris fascicle length seems to be slightly underestimated by
the Lumify probe, whereas rectus femoris pennation angle seems
to be slightly overestimated (Figure 2).
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Bland-Altman plots comparing the Philips Lumify measurements to measurements of the Siemens Acuson Juniper (here taken as gold-
standard). The differences between measurements are plotted against measurement means. Dotted and solid lines illustrate 95% limits of agreement

and bias.

Mean values, test-retest ICCs, SEMS, SEM%, mean bias,
and standardized mean bias of all muscles for the portable
probe are shown in Table 2. According to Hopkins et al.
(2009), reliability of the
gastrocnemius medialis muscle thickness, fascicle length,

portable probe to assess
and pennation angle, was extremely high to very high. For
vastus lateralis architectural parameters, reliability of the
portable probe was extremely high to very high. The
portable probe demonstrated very high to high reliability
for rectus femoris architecture assessment. Nonetheless,
considering ICC values, reliability of the portable probe to

assess architectural parameters in the gastrocnemius medialis
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according to Koo and Li (2016) ranged from moderate to
excellent (95% CIs included). For the rectus femoris and vastus
lateralis, reliability ranged from low to excellent (95% CIs
included),
parameters. Taking the investigated muscles together, ICCs,

demonstrating a large variability between
SEM%, and standardized mean bias for fascicle length ranged
from 0.439 t0 0.789, 7-11.8%, and —0.15 to 0.15. For pennation
angle, ICCs, SEM%, and standardized mean bias ranged
from 0.520 to 0.746, 9.4-12.7%, -0.38 to 0.16.
Comparison of muscle thickness resulted in ICCs, SEM%,

of 0.746-0.921,

and

and standardized mean bias
5.7-7.8%, and —-0.19 to —0.02.

ranges
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TABLE 2 Test-retest statistics for the Lumify probe.

Parameter Mean MTP 1 Mean MTP 2 ICC

GM FL 55.0 + 11.2 55.6 + 8.8 0.79 (0.62,0.89)
GM PA 217 £55 20.8 + 4.4 0.75 (0.55,0.86)
GM MT 18.6 + 3.5 186 + 3.1 0.92 (0.85,0.96)
RF FL 87.5 + 13.5 85.6 + 15.1 0.44 (0.13,0.67)
RF PA 152+ 2.7 162 + 3.1 0.52 (0.23,0.73)
RF MT 212 + 34 219 + 34 0.76 (0.57,0.87)
VL FL 812+99 811+ 114 0.72 (0.51,0.85)
VL PA 143 + 238 147 + 2.4 0.57 (0.3,0.76)
VL MT 212425 213 £29 0.75 (0.55,0.86)

10.3389/fphys.2022.981862

SEM SEM% Mean Bias SMD

46 (3.25.7) 85 -16 (-3.9,0.6) -0.2 (-0.6,03)
25 (1.4,3.6) 93 0.9 (-0.3,2.1) 02 (-03,0.6)
09 (0.7,12) 57 -0.1 (-0.5,0.4) -0.1 (-0.5,05)
10.8 (7.6,13.3) 11.8 19 (-34,7.3) 0.2 (<0.3,0.6)
1.9 (1.5,2.3) 119 ~1.0 (-2.0,-0.1) -0.4 (-0.9,0.1)
16 (1.2,2.1) 7.8 -0.6 (-1.5,02) -0.2 (-0.7,03)
5.7 (42,7.0) 7.0 0.2 (-2.7,3.0) 0.1 (<0.5,0.5)
1.7 (1.3,2.0) 127 -04 (-12,0.5) -0.1 (-0.6,0.4)
14 (1.0,1.7) 6.9 -0.1 (~0.8,0.6) -0.1 (-0.5,0.4)

All values calculated for m. gastrocnemius medialis (GM), m. rectus femoris (RF) and m. vastus lateralis (VL). Parameters of comparison were fascicle length in mm (FL), pennation angle in

° (PA) and muscle thickness in mm (MT). Measurement timepoint (MTP) mean values + standard deviation. Consecutive pairwise intra-class correlation coefficient (ICC) and standard
error of measurement (SEM) and mean bias with 95% compatibility interval. Standard error of measurement is also displayed in percent (SEM%). Standardized mean bias (SMD) with

limits of agreement set to + 1.96 standard deviations.

4 Discussion

Our results indicate that the portable Lumify probe

demonstrated small to moderate measurement errors
compared to the high-end device with low to excellent ICC
values. Test-retest reliability considering standardized mean bias
was extremely high to high and ICC values were low to excellent.
Whereas agreement and reliability were highest for the
thickness

pennation angle measurement in gastrocnemius medialis and

measurement of muscle across all muscles,
vastus lateralis and fascicle length measurement in rectus femoris
presented the lowest agreement and reliability. Muscle specific
agreement and reliability were highest for gastrocnemius
medialis.

Although several studies investigated the test-rested
reliability and validity of ultrasonographic measurement of
muscle architecture (Blazevich et al., 2006; Bénard et al., 2009;
Bolsterlee et al., 2015; Scott et al., 2017; Geremia et al., 2019;
Franchi et al., 2020; Nijholt et al., 2020), few tested the
agreement of different probes (Cho et al., 2018; Nijholt
2020). Nijholt et al. (2020)

measurements of a linear and curved array probe and

et al, compared the
tested the validity of lower limb muscle thickness, cross-
sectional area and echo intensity against MRI. They
reported both, the linear and curved array probe, to be
reliable (ICC between 0.87 and 0.97) and valid (mean
difference between 0.2 and 2.1 cm?). Cho et al. (2018)
investigated the inter- and intra-rater reliability of a dual-
probe ultrasonography system and compared the results to a
standard ultrasonography device. They reported excellent
reliability and agreement for gastrocnemius medialis
pennation angle (ICCs >0.9 and SEMs <1°). In contrast to
our results, the agreement and validation values reported in
these

investigated systems. Moreover, reported agreement in

studies indicate higher agreement between the
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validation studies of ultrasonography based muscle
architecture assessment using cadaveric dissection was
higher as well (Bénard et al., 2009; Kellis et al., 2009). In
terms of test-retest reliability of ultrasonographic architecture
assessment in all here investigated muscles, ICCs between
0.7 and 0.98, 0.7 to 0.98 and 0.74 to 0.99 have been
reported for muscle thickness, fascicle length, and
pennation angle, respectively (Narici et al., 2003; Blazevich
et al., 2006; Ema et al., 2013; Bolsterlee et al., 2015; Trezise
etal., 2016; Geremia et al., 2019; Nijholt et al., 2020; Betz et al.,
2021; May et al., 2021; Hagoort et al., 2022). Reported SEM%
were between 0.6 and 4.8%, 2-18.9%, and 4.3-23% for muscle
thickness, fascicle length, and pennation angle, respectively
(Narici et al.,, 2003; Bénard et al., 2009; Ema et al., 2013;
Bolsterlee et al., 2015; Trezise et al., 2016; Oranchuk et al.,
2020; May et al., 2021; Hagoort et al., 2022). Compared to the
existing literature, solely our gastrocnemius medialis test-rest
reliability ICC values for are within the ranges demonstrated
in the literature (0.75-0.92 vs. 0.7-0.99). Our test-retest
reliability ICC values for rectus femoris and vastus lateralis
architecture were lower compared to reported values in the
literature (0.44-0.76 vs. 0.7-0.99). Except for muscle thickness
measurements, all our test-retest reliability SEM% values are
within the ranges demonstrated in the literature. Lower test-
retest reliability of the Lumify probe might be explained by
inferior image quality compared to high-end devices. Usually,
reduced image quality inherits lower pixel contrast and
increased signal noise, leading to less visible tissue
structures. Because the SMA tool employs spatial filters to
detect muscle architectural parameters and aponeuroses,
lower image quality thus leads to less accurate detection
and therefore less accurate image evaluation.

Apart from the cost-effectiveness and portability advantages
of portable probes, there are also some restraints. The extended-

field-of-view modality (Weng et al, 1997) is usually not
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embedded in portable probes. In combination with the generally
reduced transducer width, this limits the applicability of portable
probes as fascicle length extrapolation is generally necessary
which might result in measurement errors (Franchi et al,
2020). Moreover, assessment of muscle anatomical cross-
sectional area in larger muscles (such as vastus lateralis,
gastrocnemius medialis or rectus femoris) is therefore
impossible using portable probes, except when single images
are stitched together. In addition, the processing capabilities of
portable probes are limited compared to high end devices,
leading to less sophisticated signal post processing. Moreover,
less parameters to adapt during image acquisition are available,
limiting the options to ideally configure the imaging settings.
The here presented investigation has several limitations.
First, we did not use cadaveric dissection as a gold standard to
validate the portable probe measurements against, but a high-
end device. However, using cadaveric dissection is expensive
and access limited. Moreover it was previously demonstrated
that ultrasonography is comparable to muscle architectural
measurements in cadaveric samples (Bénard et al., 2009; Kellis
et al., 2009). We did not use the extended-field-of-view
ultrasonography modality to acquire longitudinal muscle
images. Even though this might have led to increased
accuracy (Franchi et al., 2018; Franchi et al., 2020), this
modality is not embedded in the Lumify probe and the
analysis software used is not specificized on analyzing
extended-field-of-view images (Seynnes and Cronin, 2020).
Because we used a fixed scanning order (high-end device first),
longer resting period prior to measurements with the Lumify
device might have resulted in fluid shifts that could have
influenced our results. Nonetheless, no consistent bias is
visible in our data. Furthermore, because we did not
instruct participants to remark the scanning location of the
first session, re-marking could have resulted in slightly
altered scanning locations. This might have influenced the
test-retest reliability of the Lumify device. Lastly, we only
included healthy active adults in our investigation. This
might limit the generalizability of our results to other

populations.

5 Conclusion

To sum up, the portable Lumify probe demonstrated
reliable muscle architecture measurements of lower limb
muscles that are comparable to those of a high-end device.
Highest reliability and agreement were observed for m.
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gastrocnemius measurements, lowest for m. rectus femoris.
Nonetheless, measurement errors should be considered when
longitudinal in muscle

interpreting observed changes

architecture assessed with the Lumify system. Future

investigations ~ should  consider including different
participant populations, comparing the reliability of
different portable systems for muscle architecture

assessment as well as including different muscle groups.
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