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Abstract—This study introduces local pattern texture anisotropy as a novel parameter to differentiate healthy 
and disordered muscle and to gauge the severity of muscle impairments based on B-mode ultrasound images. 
Preliminary human results are also presented. A local pattern texture anisotropy index (TAI) was computed in 
one region of interest in the short head of the biceps brachii. The effects of gain settings and box sizes required 
for TAI computation were investigated. Between-day reliability was studied in patients with sporadic inclusion 
body myositis (n = 26). The ability of the TAI to discriminate dystrophic from healthy muscle was evaluated in 
patients with Duchenne muscular dystrophy and healthy controls (n = 16). TAI values were compared with a gray-
scale index (GSI). TAI values were less influenced by gain settings than were GSI values. TAI had lower between-
day variability (typical error = 2.3%) compared with GSI (typical error = 2.3% vs. 8.3%, respectively). Patients 
with Duchenne muscular dystrophy had lower TAIs than controls (0.76 ± 0.06 vs. 0.87 ± 0.03, respectively, p < 0.05). 
At 40% gain, TAI values correlated with percentage predicted elbow flexor strength in inclusion body myositis 
(R = 0.63, p < 0.001). The TAI may be a promising addition to other texture-based approaches for quantitative 
muscle ultrasound imaging. (E-mail: d.bachasson@institut-myologie.org) 

Key Words: Quantitative muscle ultrasound, Texture analysis, Muscle quality, Echogenicity, Local pattern texture
anisotropy, Muscle dystrophy, Inclusion body myositis.

INTRODUCTION

Quantitative muscle ultrasound imaging has been re-
ported to be an effective and cost-saving technique for the
non-invasive assessment of skeletal muscle structure (Simon
et al. 2016). Quantitative assessment of mean muscle echo
intensity (EI) using gray-scale or backscatter analysis of
a region of interest (ROI) has been extensively used as a
proxy measure to estimate muscle quality (i.e., levels of
intramuscular fibrosis and fatty infiltration) (Pillen et al.
2009). This parameter is highly dependent on the ultra-
sound device and settings (Pillen and Van Alfen 2015;
Zaidman et al. 2008). In contrast to mean EI and other
first-order descriptors (e.g., standard deviation, skew-
ness, kurtosis and entropy), higher-order texture features

(e.g., Haralick features, Galloway features, local binary
pattern) have been identified as promising tools for diag-
nosis, characterization and follow-up of muscle alterations
(Konig et al. 2015; Martinez-Paya et al. 2017; Molinari
et al. 2015; Sogawa et al. 2017; Weng et al. 2017). These
descriptors may have the advantage of being less affect-
ed by variables such as intensity.

Normal ultrasound images obtained along the lon-
gitudinal axis of the muscle reveal the perimysium as
parallel echogenic lines on a background of the hypo-
echoic muscle fascicles, as illustrated in Figure 1A. This
main orientation of the signal can be easily identified with
the eye at multiple scales. This phenomenon may be re-
ferred to as local texture anisotropy. In the normal muscle,
local texture anisotropy may thus be considered high. As
degenerative muscle changes intensify (i.e., increase fat
content and fibrosis), this preferential orientation of the
signal may be disrupted; that is, the local texture anisot-
ropy is reduced. A proposed method for quantitatively
revealing and characterizing local texture anisotropy consists
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of dividing the image into analysis boxes; in each box, an
ellipse (the inertia tensor) is fitted to the signal and de-
termines the direction in which the signal is more present
(Lehoucq et al. 2015). To the best of our knowledge, no
previous report has investigated the potential of local texture
anisotropy as an estimate of muscle quality.

The present article introduces a texture anisotropy
index (TAI) as a texture-based approach to estimate muscle
quality in B-mode ultrasound scans. This article is orga-
nized as follows: description of the methods, influence of
settings for image acquisition and post-processing on the
TAI (particularly with respect to the size of boxes defined

Fig. 1. Steps for computation of the texture anisotropy index (TAI). (A) Computation of the TAI is performed in a region of
interest defined by the operator in the ultrasound image. (B) A Gaussian filter is applied. (C) An edge detection is performed
using the Sobel operator in each x- and y-direction, and a box size is defined (here, 3 × 3 mm2). (D) The TAI for each box is
computed. The vector size and color give the value of the TAI. The mean TAI is computed as the mean value of all TAI values

for each box.



for TAI computation), comparison with mean EI and pre-
sentation of preliminary human results.

METHODS

This study conformed to the Declaration of Hel-
sinki and was approved by the local ethics committees.
Experiments were performed between June 2013 and June
2016. All patients gave written informed consent.

Muscle ultrasound imaging
B-Mode ultrasound images were obtained in the short

head of the biceps brachii using an Aixplorer Ultrasound
device (V9.2, Supersonic Imagine, Aix-en-Provence,
France) driving a 4–15 MHz linear transducer array (SL15-
4, 256 elements, pitch 0.2 mm). The biceps brachii, a
fusiform muscle, was targeted because it is easy to access
and because it is easy to standardize a robust imaging pro-
cedure. The belly of the short head of the biceps brachii
was identified by one sonographer (G.J.R.D.) during trans-
verse scanning at two-thirds of the distance between the
acromion and the antecubital fossa. Then the probe was
rotated and carefully aligned with the direction of muscle
fascicles (Fig. 1A). Settings were defined as follows:
musculoskeletal-muscle preset, penetration and HD mode;
super compound: enabled; harmonic: disabled. Ultra-
sound images were acquired using five different settings
with constant probe location: automatic time-gain com-
pensation (Auto TGC), gains of 40%, 50%, 60% and 70%
(with time-gain compensation maintained in the same
[neutral] position for all depths). The depth setting was
adapted for each participant during examination to display
the entire muscle. Focus range was set on the entire depth
for all patients. Images were stored as DICOM files and
transferred to a computer for offline processing.

TAI computation
Analysis of images was performed in MATLAB (The

MathWorks, Natick, MA, USA).

Area of measurement. The TAI was computed in one
region of interest (ROI) selected in the muscle belly by
the same experienced operator (G.J.R.D.) as illustrated in
Figure 1A. The selected area was an n × m image (I).

Boxes. The size of the boxes was chosen in accor-
dance with muscle fascicle thickness within the image plane
and image resolution. To limit the effect of thick connec-
tive tissues within the muscle and considering a fascicle
thickness of ~2 mm evaluated on ultrasound images,
different box sizes have been studied: 0.25, 1, 4, 9, 16,
25 and 36 mm2.

Computational steps. A Gaussian smoothing (diam-
eter: 5 px, σ = 1) was applied (Fig. 1B) to reduce the effect
of focal variations in signal intensity when estimating local

texture anisotropy. Edge detection was performed using
the Sobel operator (Sobel and Feldman 1968). Convolu-
tion operations ( ⊗) were performed along the x-axis,
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and the y-axis,
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An example of the obtained gradient magnitude

( G G Gx y= +2 2 ) is provided in Figure 1C. TAI values

were computed in equally spaced boxes. The size of each
box was u × v (Fig. 1C, D). The local gradient matrix W
of a given box was defined by a matrix with u∙v lines and
two columns as, W Gi xi1 = and W Gi yi2 = , with i the pixel
number in the box. The W matrix was mean centered, and
WC was computed as W W WC ii1 1 1= − and W W WC ii2 2 2= − .
The local covariance matrix C was computed as the product
between the transpose of WC and WC as C W WT

C C= ⋅ . The
two eigenvalues λ of C were retrieved and sorted with
λ1 > λ2. TAI for each box was defined as α λ λ= −1 2 1 .
Therefore, a TAI approaching 1 indicates the strong pre-
dominance of one orientation in the signal (i.e., strong local
texture anisotropy) whereas TAI approaching 0 indicates
a diffuse signal with no orientation predominant (i.e., weak
local texture anisotropy) (Fig. 1D). The orientation of the
fascicles relative to the probe has no effect on the TAI value.
The mean TAI was defined as the mean of TAI values com-
puted for each box. An illustration of TAI values in
moderate (A) and severe (B) muscle impairments in two
patients with inclusion body myositis (IBM) is provided
in Figure 2.

Quantification of mean muscle echo intensity
On an n × m 8-bit gray-scale image, the intensity

value of a pixel ranges from 0 to 255. To correspond to
the range of the TAI, a gray-scale index (GSI) was defined
as the mean pixel intensity in a ROI and rescaled between
0 and 1 by dividing by 255. To obtain the same slope
between TAI and GSI values (lower GSI values should cor-
respond to higher EI values), the GSI was computed as

GSI = − ⋅
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with Ii the intensity of pixel i in the selected area.



Evaluation of the method
The influence of gain setting and box size was evalu-

ated in 26 patients with sporadic IBM (15 men and 11
women, age = 64.9 ± 8.4 y, height = 1.67 ± 0.08 m,
weight = 71.2 ± 14.3 kg). All patients had definite IBM
(i.e., pathologic examination of their biopsies revealed
fibers invaded by lymphocytes, vacuoles and amyloid
deposits). The mean IBM weakness composite index
(Benveniste et al. 2011) was 62 ± 17 (maximal score is
100). Ten patients were measured twice 7 d apart to
assess the between-day reliability of both TAI and GSI
values. To evaluate the ability of the TAI to estimate the
magnitude of muscle impairments, the relationship between
TAI values and muscle weakness level was investigated
in patients with IBM. To this end, elbow flexion maximal
voluntary isometric strength was assessed using an
isokinetic dynamometer (Biodex, Biodex Medical,
Shirley, NY, USA). Maximal peak torque was expressed
as a percentage of predicted value using previously
published equations (Hogrel et al. 2007). The ability of
the TAI to discriminate dystrophic and healthy muscle
was evaluated in 10 patients with genetically confirmed
Duchenne muscular dystrophy (DMD, age = 12.1 ± 6.1
y, height = 1.42 ± 0.27 m, weight = 41.9 ± 23.7 kg) and
10 matched healthy controls (age = 11.1 ± 5.5 y,
height = 1.47 ± 0.22 m, weight = 39.6 ± 16.7 kg) using the
Auto TGC mode and 9-mm2 boxes for TAI computation.

Statistics
Data within text and tables are presented as

mean ± standard deviation (SD) or mean (95% confidence

interval). The assumptions of normality and sphericity were
confirmed using D’Agostino’s K2 test and Mauchly’s test.
Two-way analyses of variance (ANOVAs), box size × gain,
were conducted to test main and interaction effects on TAI
and GDI values with the Tukey HSD (honest significant
difference) test. To assess the between-day reliability of
TAI and GSI values, changes in the mean values of both
sessions were computed, and paired t-tests were used to
detect systematic bias (Atkinson and Nevill 1998). Typical
error was expressed as a coefficient of variation (CVTE)
to study absolute reliability. Given the ceiling effect as-
sociated with both TAI and GSI, intra-class correlation
coefficients were not computed, and the Bland–Altman
method with 95% limits of agreements (LOA) was used
to assess relative reliability. All analyses were performed
with the Statistica Version 8.0 statistical software package
(StatSoft, USA), and statistical significance was set at
p < 0.05.

RESULTS

Values of TAI and GSI for all box sizes and gain
values tested are illustrated in Figure 3.

Influence of gain settings
TAI and GSI values for all gain settings are dis-

played in Figure 4. A significant effect of gain was found
for TAI and GSI (both p < 0.001). TAI values at 40% gain
was significantly different from that obtained at 70% gain
only (–1.4 ± 1.5%, p < 0.05). TAI values at 60% and 70%
gain were significantly smaller compared with TAI values

Fig. 2. Texture anisotropy index (TAI) values in moderate (A) and severe (B) muscle impairments in two patients with in-
clusion body myositis. Patients in (A) and (B) had maximal isometric elbow flexor strength corresponding to 69% and 42%

of predicted values, respectively. Gray-scale index was 0.62 and 0.75, respectively.



acquired using Auto TGC. GSI values at 50%, 60% and
70% gain were lower than that obtained at 40% gain or
using Auto TGC (–52.2 ± 2.4% at 70% compared with 40%
gain).

Influence of box size
A significant effect of box size on TAI values was

observed (p < 0.001). TAI values were significantly smaller
with 0.25-, 1- and 4-mm2 boxes compared to that ob-
tained with 36-mm2 boxes (Fig. 3). TAI values with 9-,
16-, 25- and 36-mm2 boxes were similar (all p
values > 0.28). No significant effect of box size was found
for the GSI (p = 0.39).

Between-day reliability
No significant change was found between test and

retest values for both TAI and GSI values (p = 0.92 and
p = 0.38, respectively). Changes in mean, CVTE and LOA
are provided in Table 1 and Bland–Altman plots in Figure 5.

Preliminary human results
Patients with DMD had significantly lower TAI

and GSI values compared with controls (TAI: 0.76 ± 0.06
vs. 0.87 ± 0.03 and GSI: 0.65 ± 0.09 vs. 0.84 ± 0.04, re-
spectively; both p values < 0.05) (Fig. 6). In patients
with IBM, maximal voluntary elbow flexor strength was
26.4 ± 12.7 Nm, corresponding to 50 ± 19% of predicted

Fig. 3. Influence of gain setting for different box sizes on the texture anisotropy index (TAI) and gray-scale index (GSI). Auto
TGC = automatic time-gain compensation; ROI = region of interest. Vertical bars denote 0.95 confidence intervals.

Fig. 4. Influence of gain setting (A) and box size (B) on texture anisotropy index (TAI) and gray-scale index (GSI). *Signifi-
cantly different from 40% gain. #Significantly different from 36-mm2 box. †Significantly different from Auto TGC. Vertical
bars denote 0.95 confidence intervals. The TAI is less markedly affected by the gain setting compared with the GSI. A signif-

icant effect of box size was found for the TAI only. Auto TGC = automatic time-gain compensation.



values. For the Auto TGC setting, TAI values correlated
with percentage predicted strength (R = 0.63, p < 0.001)
(Fig. 7). At 40% gain, both TAI and GSI values corre-
lated with percentage predicted strength (R = 0.63,
p < 0.001, and R = 0.48, p < 0.05, respectively).

DISCUSSION

The present study introduced local texture anisot-
ropy as a novel texture-based approach to estimate muscle
quality on B-mode ultrasound images. The main find-
ings are as follows: (i) the TAI can be easily and reliably

computed from standard B-mode ultrasound images;
(ii) the TAI was minimally influenced by the image gain
settings; (iii) TAI values were significantly lower in pa-
tients with DMD than in healthy controls; (iv) TAI values
and muscle weakness in patients with IBM were linearly
related.

Our data indicated that TAI is less markedly influ-
enced by image gain settings compared with GSI. The
similarity between Auto TGC and 40% and 50% gain set-
tings can be explained by the fact that when the Auto TGC
setting was used, the gain was automatically set at
44.7 ± 3.7% (Fig. 3). One potential explanation for reduced

Table 1. Between-day reliability of the texture anisotropy index and gray-scale index

Mean ± SD
Change in mean

(95% confidence interval)
CVTE

(95% CI) Limits of agreement

TAI 0.91 ± 0.03 −0.001 (−0.021 to 0.020) 2.3 (1.6 to 4.2) −0.058 to 0.057
GSI 0.77 ± 0.07 −0.004 (−0.065 to 0.058) 7.9 (5.4 to 14.4) −0.172 to 0.164

TAI = texture anisotropy index; GSI = gray-scale index; CVTE, typical error expressed as a coefficient of variation; 95% CI, 0.95 confidence interval;
SD = standard deviation.

Fig. 5. Bland–Altman plots for between-day reliability of the texture anisotropy index (A) and gray-scale index (B) with 40%
gain and a 9-mm2 box. The plain line represents the bias, and the dashed lines, the limits of agreement.

Fig. 6. Texture anisotropy index (TAI, A) and gray-scale index (GSI, B) in patients with Duchenne muscular dystrophy (DMD)
and healthy controls (Controls). *Significant difference between DMD and controls. The TAI and the GSI were computed with

a 9-mm2 box. Vertical bars denote 0.95 confidence intervals.



TAI is that at the highest gain setting tested, anisotropic
connective tissue bands are already at maximal pixel
intensity, so they cannot increase, whereas the noise and
diffuse isotropic backscatter speckle can continue to in-
crease, thus lowering the effective TAI. The TAI was also
affected by the size of the box used for computation; that
is, smaller boxes were associated with lower TAI values
(Fig. 4B). This may be explained by the fact that for ROI
size <9 mm2, one muscle fascicle and its corresponding
perimysium could not be included in the ROI frame. In
this case, the ROI was uniform (i.e., filled with either black
or white) and the TAI value decreased toward 0 as it would
do for an isotropic tissue (Fig. 2B). Consequently, the ROI
must be larger than the fascicle diameter to avoid this effect.
Analogously, box size was maintained lower than 36 mm2

to limit the effect of thick fascia or connective tissue cross-
ing the image, which may significantly change the mean
TAI. The use of Sobel edge detection and averaging the
values over several boxes subsequently reduced these
effects. This approach may also allow investigation of het-
erogeneous muscle changes by studying the distribution
of TAI values within a target muscle.

Our data exhibited excellent between-day reliabili-
ty of the TAI (CVTE ~3% compared with ~9% for the GSI)
(Table 1), emphasizing the low dependency of the TAI on
technological and operational confounding factors when
using a standardized imaging protocol. The TAI should
be applicable to most muscles commonly investigated in
ultrasound imaging. However, and as previously per-
formed with mean EI, the muscle dependence of TAI values
and other potential influencing factors (e.g., age, sex, fitness
level, type of muscle diseases) remain to be specifically
investigated along with other first- and second-order de-
scriptors (Konig et al. 2015; Martinez-Paya et al. 2017;
Molinari et al. 2015; Sogawa et al. 2017).

As illustrated in patients with DMD using mean EI,
the TAI also allows discrimination between dystrophic and
healthy muscles (Fig. 5), in line with previous reports using
mean EI and other texture-based analyses (Jansen et al.
2012; Zaidman et al. 2010). Extensive robustness analy-
sis in more muscles with larger numbers of patients and
controls remains to be conducted to evaluate the diagnos-
tic validity of the TAI (Martinez-Paya et al. 2017; Sogawa
et al. 2017). In patients with IBM, the correlation ob-
served between muscle weakness and TAI values supports
an association between local texture anisotropy and the
magnitude of muscle changes, as previously observed using
EI (Jansen et al. 2012; Nodera et al. 2016) and other texture-
based approaches (Weng et al. 2017). Similarly to other
metrics, such as mean EI, the TAI provides a non-specific
estimate of muscle quality (Pillen and Van Alfen 2015),
and data regarding tissue composition (e.g., fat infiltra-
tion, fibrosis) are thus required to identify the main factors
influencing TAI values.

Together, these findings suggest that the TAI may be
promising as an additional texture-based approach to di-
agnosis, characterization and follow-up of muscle alterations
using ultrasound imaging. This approach may be com-
bined with common first-order descriptor and complex
higher-order texture features recently proposed in the field
(Molinari et al. 2015; Sogawa et al. 2017).
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