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Abstract

Background/Objectives: Stroke is a leading cause of disability, and post-stroke spasticity
frequently impairs ankle mobility, strength, and gait. The gastrocnemius medialis (GM) is
central to these deficits, yet the relationship between its ultrasound characteristics, func-
tional outcomes, and spasticity severity remains unclear. This study aimed to compare
structural and textural ultrasound features of the GM between individuals with chronic
stroke presenting ankle spasticity and healthy controls, and to examine their associations
with functional performance and spasticity severity. Methods: This case–control study
included 26 individuals with stroke and 26 matched controls. Ultrasound assessments
were performed using B-mode imaging to obtain parameters such as muscle thickness,
pennation angle, and textural features (first-, second-, and higher-order). Functional mea-
sures included mobility (Timed Up and Go), walking speed (10-Meter Walk Test), ankle
strength (dynamometry), and range of motion (goniometry). Spasticity was evaluated
separately using the Modified Ashworth Scale. Results: No significant differences in GM
ultrasound parameters were observed between groups or limbs (p > 0.05). Participants
with stroke showed significantly reduced dorsiflexion mobility and lower strength for both
plantarflexors and dorsalflexors. Correlations between ultrasound parameters and func-
tional measures were not statistically significant; however, the effect size was consistently
small. Spasticity severity did not significantly influence ultrasound findings. Conclusions:
GM ultrasound parameters did not distinguish participants with stroke from controls
or meaningfully correlate with function or spasticity. Functional impairments may stem
primarily from neural mechanisms and compensatory motor strategies rather than muscle
alterations detectable by ultrasound.
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1. Introduction
Stroke remains one of the leading causes of mortality, morbidity, and long-term

disability worldwide. Globally, the burden of stroke is substantial. According to the
Global Burden of Disease Study, stroke ranks as the third leading cause of death and the
fourth in terms of disability-adjusted life years (DALYs) lost, accounting for approximately
7.3 million deaths and over 160 million DALYs globally [1].

Stroke imposes a tremendous cost on healthcare systems, families, and societies.
In 2017, the total economic burden of stroke in the European Union was estimated at
€57 billion [2]. This includes direct healthcare costs, as well as indirect costs related to
lost productivity and long-term disability. The presence of post-stroke spasticity signifi-
cantly amplifies care costs, with studies indicating up to a fourfold increase compared to
patients without spasticity [3]. These findings highlight the need to optimize stroke-related
healthcare expenditures through effective prevention, early diagnosis, and rehabilitation
strategies [4,5].

Among the sequelae of stroke, limited ankle range of motion [6], reduced strength [7],
and spasticity [8] are highly prevalent and contribute substantially to functional limitations.
In the lower limb, especially around the ankle joint, spasticity often leads in deformities such
as equinus, varus, or equinovarus foot postures [7,9], stemming from the combined effects of
increased muscle tone and weakness of the surrounding musculature during gait [7]. These
alterations impair gait [10], compromise balance and independence, and are associated
with an increased risk of falls [11] and reduced quality of life [12]. The gastrocnemius
medialis (GM) plays a critical role in these deformities due to its insertion and function. Its
contribution to plantarflexion and foot inversion links it to the development of equinovarus
patterns, making it a prime candidate for focused evaluation in post-stroke rehabilitation.

Muscle ultrasound has emerged as a promising technique for assessing structural
and compositional changes in neuromuscular disorders [13–15]. Compared to Magnetic
Resonance Imaging (MRI) and Computed Tomography (CT), ultrasound offers real-time
imaging, portability, and absence of ionizing radiation [16–19]. Importantly, ultrasound
can detect architectural changes [13,20] (e.g., muscle thickness, pennation angle) and echo-
textural features [21,22] (e.g., echogenicity, echointensity) in muscles with neurological
impairment, with some emerging methods such as histogram-based patch analysis also be-
ing explored [23]. Additionally, machine learning approaches are increasingly being applied
to ultrasound imaging, enabling automated feature extraction and pattern recognition [24].
However, the integration of advanced texture analysis techniques—such as Gray Level
Co-occurrence Matrix (GLCM), Grey Level Run-Length Matrix (GLRLM), and Grey Level
Size-Zone Matrix (GLSZM)—into the evaluation of spastic muscles remains underexplored.

Some recent studies have explored the relationship between ultrasound-derived pa-
rameters and function [25], muscle strength [25–28] and spasticity [25]. In stroke popu-
lations, in general, muscle thickness and cross-sectional area have been associated with
measures of functional performance and strength, although findings vary depending on the
muscle assessed and the stage of the post-stroke recovery [25,26]. For spastic muscles, mus-
cle thickness and echogenicity have shown no correlation with spasticity severity [25] and
no studies to date have examined these variables stratified by different spasticity grades.

The main objective of this study is to determine whether structural and textural ultra-
sound features of the gastrocnemius medialis differ between the affected and unaffected
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limbs in chronic stroke patients, as well as between the affected limb and the dominant and
non-dominant limbs of age and sex matched healthy controls. Secondary objectives were to
examine the associations of ultrasound parameters with functional outcomes—including
mobility, walking speed, ankle strength, and range of motion—as well as spasticity, and to
evaluate differences in ultrasound and functional measures according to spasticity severity.

2. Materials and Methods
Study Design
This cross-sectional, observational and comparative study with correlational analyses

was conducted between May and December 2024. The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines for observational
studies [29].

A total of 75 individuals were initially contacted, from which 26 individuals with
chronic stroke and 26 demographically matched controls (by biological sex and age
±3 years) were ultimately included. The methodology followed recommendations from
previous studies [30].

Patients with a stroke diagnosis were recruited at Hospital Clínico Universitario
Lozano Blesa in Zaragoza by a specialist in physical medicine and rehabilitation. Additional
patients were recruited at Hospital Vithas in Valencia by a neurologist, through the Instituto
de Rehabilitación Neurológica (IRENEA). Eligible patients were informed about the study
objectives, procedures, and potential risks and benefits. Those interested in participating
received an informed consent form and had the opportunity to ask questions before
scheduling an assessment appointment at either the Lozano Blesa Hospital (Instituto de
Investigación Sanitaria de Aragón) or Instituto de Rehabilitación Neurológica (IRENEA),
depending on the referring center.

Control participants, with no history of stroke, were recruited from the researcher’s
close environment. Upon verbal agreement, they were invited to sign the informed consent
form and proceed with the evaluation. All participants provided written informed consent.

A physiotherapist with over 12 years of clinical experience conducted all assessments,
lasting approximately 75 min. Each participant underwent a one-time evaluation that
included anthropometric, sociodemographic, and clinical data collection, ultrasound image
acquisition and assessments of functional mobility, walking speed, ankle strength, range of
motion, and spasticity.

Sample Size
Sample size was calculated based on distal medial gastrocnemius thickness data

reported by Picelli et al. [31], using a Student’s t-test for independent samples. Assuming
α < 0.05, a statistical power of 80%, and an effect size of Cohen’s d = 0.86, a minimum
of 52 participants (26 per group) was required. The larger of two estimates (affected
vs. unaffected leg within participants with stroke and affected leg vs. control leg) was used
to ensure robust statistical validity.

Ethics Statement
The study was approved by the Ethics Committee of the Autonomous Commu-

nity of Aragón (CEICA) under code C.P.—C.I. PI24/030 and was registered on Clini-
calTrials.gov (NCT06411587, https://clinicaltrials.gov/study/NCT06411587 accessed on
28 October 2025). All procedures complied with the Declaration of Helsinki 2024 [32].

Participants
The inclusion criteria of the stroke group were: (1) age ≥ 18 years; (2) diagnosed with

a first unilateral ischemic or hemorrhagic stroke (excluding subarachnoid hemorrhage)
confirmed via CT or MRI; (3) at least 6 months post-stroke; (4) plantarflexor spasticity
graded 1, 1+, 2, or 3 on the Modified Ashworth Scale; (5) independent ambulation (with or

https://clinicaltrials.gov/study/NCT06411587
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without assistance); (6) ability to understand Spanish language. The exclusion criteria were:
(1) other neurological conditions; (2) musculoskeletal disorders affecting the lower limb;
(3) lower-limb surgery; (4) cognitive impairment; and (5) medical conditions interfering
with study procedures.

The inclusion criteria for the control group were: (1) age ≥ 18 years; (2) independent
ambulation (with or without assistance); (3) comprehension of Spanish language; (4) sex
and age matched (±3 years) to stroke participants. The exclusion criteria: (1) History of
stroke or spasticity; (2) neurological or musculoskeletal disorders; (3) lower-limb surgery;
(4) cognitive impairment; (5) other interfering medical conditions.

In this study, the term “healthy controls” refers to the absence of stroke, acknowledging
that this does not imply the complete absence of other medical conditions.

Variables
The variables analyzed were divided into descriptive variables (anthropometric, so-

ciodemographic and clinical characteristics) and variables of interest, including one primary
variable and several secondary variables. Anthropometric data comprised age, weight,
height, and dominant side, while demographic data included biological sex, educational
level, marital status, and whether the participant lived alone. Clinical characteristics in-
cluded tobacco use and the number of cigarettes per day, alcohol consumption, current
exercise habits, treatment services received, Visual Analogue Scale (VAS-10) scores for
anxiety and depression, and physical activity (International Physical Activity Question-
naire (IPAQ) [33]. All participants completed an initial questionnaire administered by a
physiotherapist at the start of the study. For individuals with stroke, additional clinical in-
formation was recorded: the hemiparetic side, use of assistive devices, history of botulinum
toxin or dry needling in the gastrocnemius, and spasticity medication. Patients’ perception
of ankle spasticity interference in daily life, difficulties with self-care, limitations in mobility
and social participation, as well as previous exercise habits before stroke, were all assessed
using yes/no questions. Finally, the level of spasticity was evaluated using the Modified
Ashworth Scale (MAS) [34].

The primary variable of interest was the medial gastrocnemius muscle thickness
(structural ultrasound parameter), measured via B-mode ultrasound using a portable
device Butterfly iQ+ (Butterfly Network, Inc.), Burlington, Massachusetts, United States.
Ultrasound imaging was performed with 50% gain and 5 cm depth. Participants were
seated with knees at 90◦ flexion. The probe was placed at 30% of the distance between the
medial tibial condyle and the medial malleolus, at a 35–45◦ angle relative to the horizontal
plane [35]. Three transverse and three longitudinal images were acquired per participant.

The secondary variables included another structural ultrasound parameter, pennation
angle, and a set of textural ultrasound features extracted from manually selected regions
of interest (ROIs), after denoising with a median low-pass filter, performed using a macro
applied to all image stacks in Fiji software (version 2.3.0, National Institutes of Health,
Bethesda, MD, USA) [36]. These textural features comprised first-order (e.g., echogenicity,
echovariation, entropy, skewness), second-order (derived from Grey-Level Co-occurrence
Matrices (GLCM), Grey-Level Run-Length Matrices (GLRLM), and Grey-Level Size Zone
Matrices (GLSZM), and higher-order features (Local Binary Patterns (LBP) and blob anal-
ysis). All features were calculated using the R packages radiomic [37,38], EBImage [39],
and wvtool [40].

Additional secondary variables of interest included the level of plantarflexor spasticity,
assessed using the MAS [34]; passive ankle dorsiflexion and plantarflexion range of motion,
measured by goniometry [41]; ankle muscle strength during maximal isometric contractions
of dorsiflexion and plantarflexion, assessed with a MicroFET2 dynamometer [41,42]; and
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functional mobility and walking speed, evaluated using the Timed Up and Go (TUG) [43]
and the 10-Meter Walk Test (10MWT) [44].

For the MAS assessment of ankle plantarflexors, participants were placed in a supine
position, and the examiner manually moved the ankle into dorsiflexion rapidly when
possible, following the procedure described by Bohannon and Smith (1987) [45]. The
examiner’s hand was placed on the calcaneus and the forearm along the plantar surface of
the foot to control the movement and detect resistance during passive stretch.

Passive range of motion of ankle dorsiflexion and plantarflexion was measured in
the supine position, with participants barefoot and starting from 0◦ of ankle dorsiflexion,
positioning the tibia perpendicular (90◦) to the plantar surface of the foot.

For dynamometry, plantarflexion was measured in a seated position [46] to avoid the
influence of foot weight. A 20◦ knee flexion was added using a wedge to reduce isometric
coactivation of the quadriceps and hamstrings that could interfere with the measurement.
The dynamometer was placed against the wall and aligned with the metatarsal heads.
Dorsiflexion strength was assessed in the supine position [46], maintaining the same 20◦

knee flexion setup.
The TUG [43] was performed by asking participants to stand up from a chair, walk

3 m, turn around, return, and sit down, recording the total time to complete the sequence.
The 10MWT [44] was carried out as described in the standard protocol, allowing 2 m for
acceleration and 2 m for deceleration, timing only the central 8 m.

Blinding Procedure
While full blinding was not possible during assessment due to the visible pres-

ence of spasticity, image analysis was performed by a blinded evaluator. All data were
pseudonymized using randomly generated codes with identifiers for image orientation.
To determine intra-rater reliability, repeated measurements were performed by the same
experienced physiotherapist within a single evaluation session.

Statistical Analysis
Statistical analyses were performed using R software (version 4.1.3; R Foundation for

Statistical Computing, Vienna, Austria). Texture metrics were averaged across five angular
directions (0◦, 45◦, 90◦, 135◦, and 180◦).

Normality was assessed using the Shapiro–Wilk test. Continuous variables were
expressed as mean ± standard deviation, and categorical variables as absolute and relative
frequencies. Between-group differences were analyzed using the Mann–Whitney U test or
Fisher’s exact test, as appropriate.

Intra-rater reliability was assessed using a two-way mixed-effects model, single mea-
sures, consistency definition [ICC(3, 1)], along with the standard error of measurement
(SEM) and minimal detectable change (MDC). Robust linear models with bootstrap resam-
pling were used to assess differences between limbs and groups, adjusting for relevant
covariates. Covariates showing multicollinearity (r > 0.70) were excluded [40].

Pearson or polyserial correlations were used to examine associations between ultra-
sound parameters and functional outcomes. Correlation strength was classified as negligi-
ble (<0.29), low (0.30–0.49), moderate (0.50–0.69), high (0.70–0.89), or very high (>0.90) [47].

Data Protection
Data handling adhered to General Data Protection Regulation (2016/679) and Spanish

Organic Law 3/2018 on Personal Data Protection and Digital Rights. All procedures
concerning data collection, storage, and confidentiality were described in the participant
informed consent form. Pseudonymization was performed by a non-study iHealthy team
member, who assigned randomly generated numeric codes to each participant before data
analysis. Only the principal investigators had access to the linkage file. Research data will



J. Clin. Med. 2025, 14, 7680 6 of 29

be securely stored for five years after publication, in accordance with institutional and legal
requirements, ensuring full compliance with data protection regulations.

Funding and Personnel
The study was unfunded. Equipment was provided by the iHealthy research group.

Data collection was conducted by a physiotherapist, supervised by a neurologist and a
physical medicine and rehabilitation physician.

3. Results
3.1. Anthropometric, Sociodemographic and Clinical Characteristics

The anthropometric, sociodemographic and clinical characteristics of the sample are
shown in Table 1. Significant differences were found in educational level (p = 0.001), with
participants with stroke presenting a higher proportion of individuals without university
education compared to healthy controls. Regarding lifestyle habits, participants with stroke
reported lower alcohol consumption after their stroke (p = 0.005). They also showed greater
depressive symptoms as measured by the VAS-10 scale (p < 0.001) and lower physical
activity level according to the IPAQ (p = 0.008).

Table 1. Sociodemographic Anthropometric and Clinical Characteristics.

Healthy Group Stroke Group a p Value

n 26 26

Anthropometric and Sociodemographic characteristics

Age 55.96 ± 11.99 56.65 ± 11.83 0.776

Weight (kg) 73.37 ± 14.58 78.27 ± 15.97 0.355

Height (cm) 168.69 ± 9.53 169.15 ± 10.46 0.79

Dominant side, n(%) Left 2 (7.70) 2 (7.70) >0.999

Right 24 (92.30) 24 (92.30)

Biological sex, n(%) Female 8 (30.80) 8 (30.80) >0.999

Male 18 (69.20) 18 (69.20)

Educational level, n(%) Non
university 6 (23.01) 19 (73.10) 0.001

University 20 (76.90) 7 (26.90)

Marital status, n(%) Married 10 (38.50) 16 (61.50) 0.291

Single/divorced 13 (50.00) 9 (34.60)

Widow 3 (11.50) 1 (3.80)

Live alone, n(%) No 18 (69.20) 21 (80.80) 0.523

Yes 8 (30.80) 5 (19.20)

Clinical characteristics

Tobacco, n(%) Ex-smoker 7 (26.90) 11 (42.30) 0.28

No 18 (69.20) 12 (46.20)

Yes 1 (3.80) 3 (11.50)

Number of cigarettes/day 13.00 ± 7.28 21.14 ± 13.70 0.263

Alcohol, n(%) Consumer 19 (73.10) 8 (30.80) 0.005

Non
consumer 7 (26.90) 18 (69.20)
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Table 1. Cont.

Healthy Group Stroke Group a p Value

Current exercise, n(%) No 3 (11.50) 4 (15.40) >0.999

Yes 23 (88.50) 22 (84.60)

Nutritionist treatment, n(%) No 21 (80.80) 24 (92.30) 0.419

Yes 5 (19.20) 2 (7.70)

Physiotherapy treatment, n(%) No 6 (23.10) 2 (7.70) 0.248

Yes 20 (76.90) 24 (92.30)

Psychologist treatment, n(%) No 11 (42.30) 7 (26.90) 0.382

Yes 15 (57.70) 19 (73.10)

Anxiety/depression, n(%) No 5 (19.20) 4 (15.40) >0.999

Yes 21 (80.80) 22 (84.60)

VAS-10 anxiety 3.69 ± 2.60 3.75 ± 3.06 0.919

VAS-10 depression 1.19 ± 1.74 4.08 ± 3.05 0.001

Physical Activity (IPAQ), n(%) High 10 (38.50) 2 (7.70) 0.008

Low 7 (26.90) 17 (65.40)

Moderate 9 (34.60) 7 (26.90)
Data expressed with mean ± standard deviation or with relative absolute values (%); VAS: Visual Analogue Scale;
IPAQ: International Physical Activity Questionnaire. a significant if p < 0.05 (shown in bold).

For the remaining variables, no significant differences were observed between groups,
indicating that participants with stroke and healthy controls can be considered comparable
in these aspects.

The clinical profile of participants with stroke (n = 26) is summarized in Table 2. The
time elapsed since the stroke ranged from 0.66 to 12.66 years (3.03 ± 2.58 years). One
participant presented an outlier value (12.66 years post-stroke), which slightly increased
the mean value. Among these participants, 88.46% had ischemic stroke and 11.54% had
hemorrhagic stroke. Right-sided hemiparesis was more common (61.50%). According to the
Modified Rankin Scale for Neurologic Disability, 23.08% of patients scored grade 1, 34.60%
grade 2, 30.80% grade 3, and 11.54% grade 4, indicating that most participants presented
mild to moderate disability. Most patients required a mobility aid, although nearly one
third walked without assistance (30.80%). Ankle spasticity was present in all cases and
interfered with daily life for the majority (73.10%). Spasticity management included
botulinum toxin injections (30.80%), dry needling (11.50%), and antispastic medication
(26.90%). Functional limitations were frequently reported, particularly in self-care (84.60%)
and mobility (61.50%). The severity of ankle spasticity, assessed with the MAS, ranged from
grade 1 to 3, with a relatively even distribution across categories. Finally, most patients had
engaged in regular physical activity prior to stroke (73.10%).

Table 2. Description of stroke-specific characteristics.

Stroke-Specific Characteristics

Time since stroke, years (mean ± SD) 3.03 ± 2.58

Type of stroke Ischemic 23 (88.46)

Hemorrhagic 3 (11.54)
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Table 2. Cont.

Stroke-Specific Characteristics

Hemiparetic side, n(%) Left 10 (38.50)

Right 16 (61.50)

Modified Ranking Scale for
Neurologic Disability 0 0 (0.00)

1 6 (23.08)

2 9 (34.60)

3 8 (30.80)

4 3 (11.54)

5 0 (0.00)

6 0 (0.00)

Walking assistive device, n(%) Cane 11 (42.30)

Cane and Rancho Los Amigos splint 5 (19.20)

Wheelchair 2 (7.70)

No 8 (30.80)

Patients’ perception of daily life
ankle spasticity interference, n(%) No 7 (26.90)

Yes 19 (73.10)

Botulinum toxin, n(%) No 18 (69.20)

Yes 8 (30.80)

Dry needling, n(%) No 23 (88.50)

Yes 3 (11.50)

Spasticity medication, n(%) No 19 (73.10)

Yes 7 (26.90)

Mobility difficulties, n(%) No 10 (38.50)

Yes 16 (61.50)

Self-care difficulties, n(%) No 4 (15.40)

Yes 22 (84.60)

Leisure/hobbies/work
difficulties, n(%) No 8 (30.80)

Yes 18 (69.20)

Modified Ashworth Scale, n(%) 1 8 (30.80)

1+ 6 (23.10)

2 6 (23.10)

3 6 (23.10)

None 0 (0.00)

Exercise before stroke, n(%) No 7 (26.90)

Yes 19 (73.10)

3.2. Reliability of Ultrasound and Functional Measurements

In individuals with stroke, the measurements performed presented a good to excellent
ICC (3, 1), in the affected leg for the variables Ankle Dorsiflexor (ADF) dynamometry
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(ICC = 0.97), Plantarflexor dynamometry (APF) (ICC = 0.96) and in the unaffected leg for the
variables Dorsiflexor dynamometry (ICC = 0.94), Plantarflexor dynamometry (ICC = 0.92).
In healthy subjects, a good to excellent ICC was observed in the dominant leg in the
variables Dorsiflexor dynamometry (ICC = 0.91), Plantarflexor dynamometry (ICC = 0.95),
Muscle thickness (ICC = 0.89), Echogenicity (ICC = 0.78), Echovariance (ICC = 0.85), Entropy
(ICC = 0.85), Median (ICC = 0.76), Uniformity (ICC = 0.78), Homogeneity (ICC = 0.75),
Energy (ICC = 0.76), Maximum value probability (ICC = 0.83), Sum average (ICC = 0.79),
Low gray level run emphasis (ICC = 0.87), Short run low grey emphasis (ICC = 0.83), Low
intensity emphasis (ICC = 0.80), Low intensity small area emphasis (ICC = 0.80), Local
binary patterns (ICC = 0.85), and in the non-dominant leg in the variables Dorsiflexor
dynamometry (ICC = 0.95), Plantarflexor dynamometry (ICC = 0.98), Muscle thickness
(ICC = 0.77), Echovariance (ICC = 0.77), Entropy (ICC = 0.83), Uniformity (ICC = 0.75),
Energy (ICC = 0.75), Maximum value probability (ICC = 0.88), Low gray level run emphasis
(ICC = 0.86), Long run emphasis (ICC = 0.78, Long run low gray level emphasis (ICC = 0.79),
Low intensity small area emphasis (ICC = 0.77) (see Table A1).

3.3. Differences in Ankle Range of Motion and Muscle Strength in Healthy and Stroke Participants

Statistically significant differences were identified in dorsiflexor and plantarflexor
dynamometry, as well as dorsiflexion goniometry, between the affected limb of participants
with stroke and all other limbs analyzed (unaffected limb of participants with stroke, and
dominant and non-dominant limbs of healthy controls). In all cases, the affected limb
showed lower values, indicating reduced strength and range of motion (Table 3). None
of the covariates included in the model showed a correlation coefficient greater than 0.7,
suggesting no multicollinearity issues (see Table A2).

Table 3. Ankle Range of Motion and Strength Parameters in Stroke and Healthy Participants.

Stroke
Affected Leg

Stroke Non
Affected Leg

Healthy
Dominant

Leg

Healthy Non
Dominant

Leg

Stroke affected
vs. non

affected leg
(a p value)

Stroke Affected
Leg vs. Healthy
Dominant Leg

(a p Value)

Stroke Affected
Leg vs. Healthy
Non Dominant
Leg (a p Value)

ADF
goniometry (◦) −8.46 ± 11.11 5.96 ± 9.49 11.15 ± 6.05 11.92 ± 5.49 15.26 (SE = 3.23),

t = 4.72, p < 0.001
18.53 (SE = 3.97),
t = 4.66, p < 0.001

19.47 (SE = 3.77),
t = 5.16, p < 0.001

APF
goniometry (◦) 45.85 ± 16.87 50.19 ± 10.63 57.31 ± 8.86 55.00 ± 7.35 7.53 (SE = 5.43),

t = 1.39, p = 0.18
13.20 (SE = 7.68),
t = 1.72, p = 0.09

9.47 (SE = 7.34),
t = 1.29, p = 0.21

ADF
dynamometry
(kg)

3.27 ± 4.06 9.54 ± 4.64 14.43 ± 4.73 14.25 ± 4.68 5.81 (SE = 1.49),
t = 3.9, p = 0.001

11.58 (SE = 2.45),
t = 4.72, p < 0.001

11.34 (SE = 2.43),
t = 4.65, p < 0.001

APF
dynamometry
(kg)

5.80 ± 6.07 11.23 ± 6.56 18.56 ± 11.23 20.46 ± 13.02 4.95 (SE = 2.01),
t = 2.47, p = 0.02

9.10 (SE = 4.81),
t = 1.89, p = 0.07

12.48 (SE = 4.51),
t = 2.77, p = 0.009

ADF: Ankle Dorsiflexor; APF: Ankle Plantarflexor; SE: Standard error; Data expressed with mean ± standard
deviation. a significant if p < 0.05 (shown in bold).

3.4. Differences in Functional Mobility and Walking Speed Between Healthy and
Stroke Participants

Although participants with stroke exhibited slower mean TUG and 10MWT times
compared with healthy controls, these differences did not reach statistical significance. The
only significant between-group difference was the higher 10MWT assistance level in stroke
group (p = 0.002) (Table 4), indicating greater need for support during gait.
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Table 4. Functional Mobility and Walking Speed Outcomes in Stroke and Healthy Participants.

Functional Mobility and Walking Speed Healthy Group Stroke Group a p Value

TUG (s) 8.29 ± 0.96 25.04 ± 19.47 9.84 (SE = 7.82), t = 1.26, p = 0.227

10MWT at normal speed (s) 4.60 ± 0.65 11.44 ± 8.33 4.21 (SE = 3.24), t = 1.30, p = 0.202

10MWT at high speed (s) 3.11 ± 0.43 9.71 ± 7.79 3.56 (SE = 3.12), t = 1.14, p = 0.263

10MWT assistance level 7.00 ± 0.00 6.15 ± 0.88 −1.04 (SE = 0,31), t = −3.32, p = 0.002

Data expressed with mean ± standard deviation or with relative absolute values (%). a significant if p < 0.05
(shown in bold).

3.5. Differences in Ultrasound Muscle Parameters Between Healthy and Stroke Participants

No significant differences were found in structural or textural ultrasound parameters
of the medial gastrocnemius between the affected and unaffected limb in stroke patients,
nor between the affected limb and the dominant or non-dominant limbs of healthy controls
(see Table A3).

3.6. Correlations Between Ultrasound Parameters and Functional Mobility, Walking Speed, Ankle
Strength, Range of Motion, and Spasticity in Stroke Participants and Healthy Controls

Correlations were identified between ultrasound parameters and functional mobility,
walking speed, ankle strength, range of motion, and spasticity in both stroke patients and
healthy controls. Statistically significant associations are highlighted in bold in Table 5 and
illustrated in Figure 1.

Table 5. Correlations Between Ultrasound Parameters and Functional mobility, Walking speed, Ankle
Strength, Range of Motion and Spasticity in Stroke Participants and Healthy Controls.

Stroke Affected
Leg ϱ (a p Value)

Stroke Non
Affected Leg ϱ

(a p Value)

Healthy
Dominant Leg ϱ

(a p Value)

Healthy
Non Dominant

Leg ϱ (a p Value)

Echogenicity Ankle dorsiflexion
goniometry (◦) 0.087, p = 0.171 0.083, p = 0.258 0.118, p = 0.027 −0.188, p = 0.03

Ankle plantarflexion
goniometry (◦) 0.09, p = 0.043 −0.208, p = 0.194 0.453, p = 0.001 0.339, p = 0.001

Dorsiflexor dynamometry (kg) 0.143, p = 0.223 −0.025, p = 0.185 0.202, p = 0.005 0.162, p = 0.009

Plantarflexor
dynamometry (kg) − 0.002, p = 0.148 −0.094, p = 0.153 0.054, p = 0.002 −0.117, p = 0.065

10MWT at normal speed (s) 0.207, p = 0.07 0.124, p = 0.11

10MWT at high speed (s) 0.153, p = 0.34 0.122, p = 0.022

TUG (s) 0.108, p = 0.027 0.234, p = 0.046

MAS 0.041, p = 0.17 0.116, p = 0.185

Echovariance Ankle dorsiflexion
goniometry (◦) 0.164, p = 0.099 −0.149, p = 0.341 −0.097, p = 0.002 0.252, p = 0.048

Ankle plantarflexion
goniometry (◦) −0.032, p = 0.461 0.196, p = 0.012 −0.467, p < 0.001 −0.309, p = 0.01

Dorsiflexor dynamometry (kg) 0.061, p = 0.114 0.004, p = 0.062 −0.188, p = 0.003 −0.181, p = 0.08

Plantarflexor
dynamometry (kg) 0.169, p = 0.493 0.027, p = 0.225 −0.1, p = 0.001 −0.012, p = 0.145

10MWT at normal speed (s) −0.322, p = 0.161 −0.248, p = 0.151

10MWT at high speed (s) −0.276, p = 0.162 −0.257, p = 0.229

TUG (s) −0.138, p = 0.082 −0.218, p = 0.072
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Table 5. Cont.

Stroke Affected
Leg ϱ (a p Value)

Stroke Non
Affected Leg ϱ

(a p Value)

Healthy
Dominant Leg ϱ

(a p Value)

Healthy
Non Dominant

Leg ϱ (a p Value)

MAS −0.152, p = 0.396 −0.106, p = 0.086

Muscle
thickness (cm)

Ankle dorsiflexion
goniometry (◦) −0.025, p = 0.043 0.06, p = 0.742 0.016, p = 0.704 −0.139, p = 0.39

Ankle plantarflexion
goniometry (◦) −0.371, p = 0.224 0.207, p = 0.45 −0.077, p = 0.366 0.03, p = 0.014

Dorsiflexor dynamometry (kg) −0.239, p = 0.491 0.315, p = 0.264 0.116, p = 0.284 −0.013, p = 0.534

Plantarflexor
dynamometry (kg) −0.125, p = 0.519 0.142, p = 0.942 0.532, p = 0.236 0.412, p = 0.28

10MWT at normal speed (sec) −0.279, p = 0.669 0.102, p = 0.607

10MWT at high speed (s) −0.266, p = 0.035 0.096, p = 0.325

TUG (s) −0.332, p = 0.182 −0.062, p = 0.367

Modified Ashworth
Scale (MAS) −0.038, p = 0.317 −0.041, p = 0.383

Penation
angle (◦)

Ankle dorsiflexion
goniometry (◦) 0.306, p = 0.143 0.074, p = 0.484 −0.079, p = 0.075 −0.039, p = 0.096

Ankle plantarflexion
goniometry (◦) −0.344, p = 0.252 0.14, p = 0.088 −0.295, p = 0.486 −0.109, p = 0.027

Dorsiflexor dynamometry (kg) 0.069, p = 0.179 0.206, p = 0.232 −0.198, p = 0.285 −0.274, p = 0.183

Plantarflexor
dynamometry (kg) 0.358, p = 0.544 0.54, p = 0.15 0.171, p = 0.541 0.317, p = 0.044

10MWT at normal speed (s) −0.083, p = 0.474 −0.24, p = 0.485

10MWT at high speed (s) −0.048, p = 0.543 −0.247, p = 0.09

TUG (s) 0.037, p = 0.075 −0.243, p = 0.121

MAS −0.439, p = 0.719 −0.399, p = 0.051
a significant if p < 0.05 (shown in bold).

In the affected limb of participants with stroke, statistically significant negative
correlations were observed between muscle thickness and the 10MWT at high speed
(ϱ = –0.266, p = 0.035), as well as between muscle thickness and ankle dorsiflexion goniome-
try (ϱ = –0.025, p = 0.043). Additionally, echogenicity was positively correlated with ankle
plantarflexion goniometry (ϱ = 0.090, p = 0.043) and with the TUG (ϱ = 0.108, p = 0.027),
although all correlation magnitudes were negligible.

In the unaffected limb, statistically significant positive correlations were found be-
tween echogenicity and the 10MWT at high speed (ϱ = 0.122, p = 0.022), echogenicity and
TUG (ϱ = 0.234, p = 0.046), and between echovariance and ankle plantarflexion goniometry
(ϱ = 0.196, p = 0.012), also within the negligible range.

Among healthy controls, the dominant limb showed statistically significant negative
correlations between echovariance and ankle dorsiflexor goniometry (ϱ = –0.097, p = 0.002),
ankle plantarflexion goniometry (ϱ = –0.467, p < 0.001), dorsiflexion dynamometry
(ϱ = –0.188, p = 0.003), and plantarflexor dynamometry (ϱ = –0.100, p = 0.001). Conversely,
echogenicity exhibited positive correlations with ankle dorsiflexion goniometry (ϱ = 0.118,
p = 0.027), plantarflexion goniometry (ϱ = 0.453, p = 0.001), dorsiflexor dynamometry
(ϱ = 0.202, p = 0.005), and plantarflexor dynamometry (ϱ = 0.054, p = 0.002), with negligible
to moderate strength.
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Figure 1. Correlations Between Ultrasound Parameters and Functional mobility, Walking speed,
Ankle Strength, Range of Motion and Spasticity in Stroke Participants and Healthy Controls. Black
dots represent individual observed data points. The blue line represents the smoothed trend, and the
grey shaded area indicates the 95% confidence interval.

In the non-dominant limb, statistically significant negative correlations were found be-
tween echogenicity and ankle dorsiflexion goniometry (ϱ = –0.188, p = 0.030), echovariance
and ankle plantarflexion goniometry (ϱ = –0.309, p = 0.010), and pennation angle and ankle
plantarflexion goniometry (ϱ = –0.109, p = 0.027). Statistically significant positive correla-
tions included echogenicity with ankle plantarflexion goniometry (ϱ = –0.109, p = 0.027) and
dorsiflexor dynamometry (ϱ = –0.109, p = 0.027), echovariance with dorsiflexion goniometry
(ϱ = 0.252, p = 0.048), muscle thickness with ankle plantarflexion goniometry (ϱ = 0.030,
p = 0.014), and pennation angle with plantarflexor dynamometry (ϱ = 0.317, p = 0.044). All
correlations ranged from negligible to moderate (Table 5, Figure 1).
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3.7. Correlations Between Ultrasound Parameters and Functional Differences According to
Spasticity Severity in Participants with Stroke

No statistically significant differences were found in ultrasound parameters (structural
or textural), ankle range of motion, or muscle strength in the affected leg of participants
with stroke when grouped by spasticity severity as measured by the MAS (see Table A4).

4. Discussion
Ultrasound and functional assessments showed high intra-rater reliability, confirming

the consistency of the measurement protocol. Participants with stroke presented lower
physical performance and greater functional dependence than healthy controls, reflecting
the known biopsychosocial vulnerability of this population [48]. These findings provide a
robust basis for interpreting subsequent comparisons between muscle characteristics and
functional outcomes.

No significant differences were found in GM ultrasound parameters between the
affected and unaffected limbs in participants with stroke, nor between the affected limb and
the limbs of healthy controls. These findings are partially aligned with previous research
describing heterogeneous echotexture patterns in neuromuscular conditions [49], but con-
trast with Asadi et al. [21], who identified echovariance and echogenicity as biomarkers
of gastrocnemius quality after stroke. Variations in the ROI selection, image-processing
methodology, or sample characteristics may partly explain these discrepancies [23]. Emerg-
ing computational approaches, including the use of machine learning for texture anal-
ysis [50], could reduce subjectivity and improve the detection of subtle structural and
textural alterations that remain unnoticed with conventional techniques, thus refining the
characterization of post-stroke muscle quality.

These results suggest that, in ambulatory individuals with chronic stroke, muscle struc-
ture and texture remain relatively preserved despite measurable functional deficits. This
supports the hypothesis that such deficits may primarily stem from neural impairments
and compensatory motor strategies rather than from overt muscle degeneration detectable
by ultrasound. By contrast, significant impairments were identified in ankle dorsiflexor
mobility and strength, as well as plantarflexor strength, in the affected limb compared with
all other limbs. These findings, together with the preserved echotextural features, reinforce
the notion that muscle performance after stroke is predominantly determined by neural
mechanisms and motor unit recruitment rather than by structural muscle degeneration.
Previous research also supports the limited contribution of morphology to strength genera-
tion, with neural drive and recruitment patterns being stronger determinants of functional
performance [27,28].

Regarding global function, although mean TUG and 10MWT values trended toward
worse performance in stroke participants (Table 4), these differences did not reach statistical
significance, likely due to large interindividual variability and sample size likely limited
statistical significance. Clinically, this reinforces that meaningful impairments may exist
even in the absence of statistically significant group differences [51–53].

The correlations between GM ultrasound parameters and measures of mobility and
strength were statistically significant in a few cases. Still, they remained small in magni-
tude, indicating that morphological features explain only a limited proportion of functional
variability. Similar studies have reported inconsistent relationships between muscle echo-
texture and strength across different populations and muscle groups [25,54], likely due to
differences in stroke phase, functional level, and the specific muscles evaluated. From a
clinical perspective, although these weak associations have limited diagnostic value, they
may still reflect subtle tissue adaptations. When integrated with functional assessments,
echotexture analysis could contribute to the early detection of muscle quality decline in pa-
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tients at risk of mobility deterioration. Ultrasound analysis complements functional tests by
quantifying both structural and textural ultrasound parameters, information not captured
by clinical scales or functional measures. While functional tests represent overall motor
capacity, ultrasound metrics may detect early or subclinical tissue alterations, providing
potential biomarkers for rehabilitation monitoring.

Regarding global function, our findings are consistent with González-Buonomo et al.
(2023) [25], who also reported no significant associations between echogenicity and func-
tional performance in ambulatory individuals with chronic stroke, but differ from Yakut
et al. (2024) [26], who observed moderate correlations in acute and subacute patients. These
discrepancies likely relate to differences in stroke phase, functional status, and outcome
measures (TUG, 10MWT, 6MWT), as well as participants’ age distribution, factors known
to influence both muscle characteristics and functional performance. It is also worth noting
that the mean age of participants in our study (56.65 years) was comparable to that of
González-Buonomo et al. (2023) [25] (57.4 years), whereas Yakut et al. (2024) [26] included
an older sample (mean age 68.59 years). This age difference could partly explain the diver-
gent findings, as younger individuals typically present better functional recovery, higher
physical activity levels, and fewer comorbidities that may influence both muscle properties
and functional outcomes.

Finally, no significant associations were found between ultrasound parameters and
spasticity severity, nor did spasticity severity influence strength or range of motion in the
affected limb. This reinforces the notion that post-stroke muscle alterations arise from a
multifactorial interplay of disuse, compensatory motor strategies, and adaptive plasticity,
rather than from spasticity alone [25,54]. This study has some limitations, including the
restriction to ambulatory individuals with chronic stroke, the absence of matching for
physical activity, and the lack of validated measures for diet and sleep. The heterogeneity
in previous antispastic treatments (e.g., botulinum toxin A, dry needling, medication)
could have influenced the assessed variables. However, this does not affect the validity of
the present cross-sectional results, although such factors should be carefully controlled in
future longitudinal studies aimed at analyzing treatment-related muscle changes. More-
over, the ultrasound probe was handheld rather than stabilized with a mechanical arm,
which could have introduced minor variability in image acquisition. Finally, only intra-
rater reliability was assessed, while inter-rater reliability was not examined, potentially
limiting the generalizability of the findings to other evaluators with different training or
experience levels. Strengths include recruitment from two healthcare settings, bilateral com-
parison with healthy controls, and all assessments performed by a single physiotherapist,
enhancing reliability.

Future research should include diverse stroke phases and integrate machine learning to
refine analysis, as well as exploring new assessment methodologies of ultrasound outcomes
and extending the evaluation to other muscles involved in lower-limb spasticity.

Clinically, these findings emphasize that measurable strength and mobility deficits
may exist even when structural and textural muscle parameters assessed by ultrasound
appear preserved, underscoring the need to integrate both ultrasound and functional
evaluations in post-stroke rehabilitation.

5. Conclusions
Structural and textural ultrasound parameters of the medial gastrocnemius did not

differ between affected and unaffected limbs of stroke participants compared with healthy
controls. Functional deficits were evident in ankle strength and range of motion, likely
reflecting neural rather than structural mechanisms. Correlations with functional outcomes
(mobility, walking speed, ankle strength, and range of motion) were small, and spasticity
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severity was not predictive of muscle quality. These findings highlight the need for comple-
mentary and advanced approaches to better characterize post-stroke muscle alterations
and guide rehabilitation.
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Appendix A
Appendix A.1

Table A1. Dynamometry, goniometry and ultrasound parameter reliability.

Stroke Affected Leg Stroke Non Affected Leg Healthy Dominant Leg Healthy Non Dominant Leg

ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC

Dorsiflexor
dynamometry
(kg)

0.97
(0.95, 0.98)

3.27
(1.63, 4.91)

0.73
(0.56, 0.90) 2.02 × 100 0.94

0(0.90, 0.97)
9.54

(7.66, 11.41)
1.13

(0.84, 1.43) 3.14 × 100 0.91
(0.85, 0.95)

14.43
(12.52, 16.34)

1.46
(1.07, 1.85) 4.04 × 100 0.95

(0.92, 0.97)
14.25

(12.36, 16.14)
1.00

(0.75, 1.26) 2.79 × 100

Plantarflexor
dynamometry
(kg)

0.96
(0.93, 0.98)

6.55
(3.94, 9.17)

1.27
(0.91, 1.64) 3.53 × 100 0.92

(0.86, 0.95)
11.23

(8.58, 13.88)
1.93

(1.35, 2.51) 5.36 × 100 0.95
(0.92, 0.97)

18.56
(14.02, 23.10)

2.51
(1.74, 3.28) 6.96 × 100 0.98

(0.96, 0.99)
20.46

(15.20, 25.72)
1.95

(1.39, 2.50) 5.40 × 100

Muscle
thickness (cm)

0.49
(0.29, 0.67)

1.87
(1.70, 2.04)

0.37
(0.24, 0.5) 1.02 × 100 0.89

(0.82, 0.94)
1.96

(1.84, 2.08)
0.10

(0.08, 0.12) 2.83 × 10−1 0.89
(0.83, 0.94)

1.73
(1.61, 1.85)

0.10
(0.08, 0.12) 2.83 × 10−1 0.77

(0.65, 0.87)
1.78

(1.67, 1.89)
0.14

(0.10, 0.18) 3.94 × 10−1

Penation angle
(◦ )

0.64
(0.47, 0.78)

32.48
(30.84, 34.13)

2.84
(2.33, 3.36) 7.89 × 100 0.62

(0.44, 0.77)
34.56

(32.70, 36.42)
3.31

(2.76, 3.87) 9.19 × 100 0.45
(0.25, 0.64

34.83
(33.23, 36.42)

3.66
(3.05, 4.27) 1.02 × 101 0.65

(0.48, 0.79)
35.81

(33.74, 37.89)
3.49

(2.83, 4.15) 9.67 × 100

First-
order

features
Echogenicity 0.49

(0.3, 0.68)

125.62
(121.62,
129.62)

8.63
(6.43, 10.83) 2.39 × 101 0.58

(0.40, 0.74)

123.56
(119.75,
127.36)

7.28
(5.78, 8.78) 2.02 × 101 0.78

(0.66, 0.87)

121.50
(116.13,
126.88)

6.67
(5.11, 8.24) 1.85 × 101 0.61

(0.44, 0.76)

123.94
(120.47,
127.41)

6.24
(5.13, 7.34) 1.73 × 101

Echovariance 0.53
(0.34, 0.70)

0.54
(0.51, 0.56)

0.05
(0.04, 0.07) 1.51 × 10−1 0.62

(0.44, 0.77)
0.55

(0.52, 0.57)
0.04

(0.03, 0.05) 1.21 × 10−1 0.85
(0.75, 0.91)

0.58
(0.55, 0.62)

0.04
(0.03, 0.04) 9.90 × 10−2 0.77

(0.64, 0.87)
0.56

(0.54, 0.58)
0.03

(0.02, 0.04) 8.50 × 10−2

Energy 0.53
(0.33, 0.70)

904,274,537.42
(859,966,796.88,
948,582,277.96)

91,274,565.39
(69,317,674.66,
113,231,456.12)

2.53 × 108 0.65
(0.48, 0.79)

884,829,166.95
(836,461,664.94,
933,196,668.96)

80,694,612.92
(64,241,595.67,
97,147,630.18)

2.24 × 10+8 0.72
(0.57, 0.83)

908,245,691.82
(855,877,363.68,
960,614,019.96)

76,350,147.09
(60,430,907.37,
92,269,386.80)

2.12 × 108 0.51
(0.31, 0.68)

926,233,986.85
(891,434,956.38,
961,033,017.32)

74,659,004.76
(60,793,415.39,
88,524,594.13)

2.07 × 108

Entropy 0.57
(0.39, 0.73)

7.79
(7.70, 7.89)

0.18
(0.11, 0.24) 4.94 × 10−1 0.76

(0.63, 0.86)
7.82

(7.72, 7.91)
0.13

(0.08, 0.18) 3.64 × 10−1 0.85
(0.76, 0.91)

7.78
(7.64, 7.93)

0.14
(0.09, 0.20) 4.01 × 10−1 0.83

(0.73, 0.90)
7.81

(7.72, 7.89)
0.09

(0.06, 0.12) 2.56 × 10−1

Kurtosis 0.63
(0.46, 0.77)

−1.01
(−1.07,
−0.96)

0.09
(0.07, 0.11) 2.58 × 10−1 0.31

(0.11, 0.53)

−1.04
(−1.09,
−1.00)

0.12
(0.09, 0.15) 3.31 × 10−1 0.26

(0.06, 0.49)

−1.10
(−1.13,
−1.08)

0.08
(0.06, 0.10) 2.33 × 10−1 0.20

(0.00, 0.42)

−1.08
(−1.11,
−1.05)

0.10
(0.07, 0.12) 2.73 × 10−1

Median 0.46
(0.26, 0.65)

124.10
(118.90,
129.30)

11.89
(8.82, 14.96) 3.30 × 101 0.51

(0.31, 0.69)

121.23
(116.41,
126.05)

10.30
(8.11, 12.49) 2.85 × 101 0.76

(0.63, 0.86)

118.67
(111.65,
125.70)

9.23
(7.27, 11.19) 2.56 × 101 0.50

(0.31, 0.68)

122.28
(118.01,
126.56)

9.10
(7.29, 10.91) 2.52 × 101

Variance 0.62
(0.45, 0.77)

4461.49
(4228.32,
4694.66)

411.92
(335.12,
488.73)

1.14 × 103 0.54
(0.35, 0.71)

4527.55
(4311.62,
4743.49)

440.85
(339.76,
541.94)

1.22 × 103 0.12
(−0.06, 0.35)

4866.73
(4760.51,
4972.96)

387.19
(304.89,
469.49)

1.07 × 103 0.53
(0.33, 0.70)

4767.81
(4618.47,
4917.15)

313.52
(255.66,
371.37)

8.69 × 102

Standard
deviation

0.63
(0.46, 0.77)

66.59
(64.75, 68.43)

3.20
(2.56, 3.84) 8.87 × 100 0.56

(0.38, 0.73)
67.10

(65.35, 68.84)
3.43

(2.61, 4.24) 9.50 × 100 0.13
(−0.06, 0.36)

69.70
(68.92, 70.48)

2.82
(2.21, 3.43) 7.82 × 100 0.52

(0.33, 0.70)
68.97

(67.88, 70.07)
2.31

(1.87, 2.75) 6.40 × 100

Skewness 0.46
(0.26, 0.65)

0.04
(−0.02, 0.10)

0.13
(0.10, 0.17) 3.76 × 10−1 0.37

(0.17, 0.58)
0.07

(0.03, 0.12)
0.11

(0.09, 0.14) 3.14 × 10−1 0.64
(0.47, 0.78)

0.09
(0.03, 0.15)

0.10
(0.08, 0.12) 2.87 × 10−1 0.26

(0.06, 0.48)
0.05

(0.01, 0.08)
0.12

(0.09, 0.14) 3.23 × 10−1

Uniformity 0.29
(0.09, 0.51)

0.01
(0.00, 0.01)

0.01
(0.00, 0.01) 1.60 × 10−2 0.44

(0.24, 0.63)
0.01

(0.00, 0.01)
0.01

(0.00, 0.01) 1.50 × 10−2 0.78
(0.66, 0.87)

0.01
(0.00, 0.01)

0.00
(0.00, 0.01) 1.20 × 10−2 0.75

(0.61, 0.85)
0.01

(0.00, 0.01)
0.00

(0.00, 0.00) 6.00 × 10−3

Second-
order

features

Gray Level
Co-occurrence
Matrix
(GLCM)
features

Homogeneity 0.281
(0.079, 0.5)

0.035
(0.033, 0.037)

0.007
(0.004, 0.01) 1.90 × 10−2 0.324

(0.121, 0.538)
0.035

(0.032, 0.037)
0.007

(0.005, 0.01) 2.00 × 10−2 0.751
(0.616, 0.854)

0.035
(0.031, 0.039)

0.005
(0.003, 0.007) 1.50 × 10−2 0.631

(0.459, 0.774)
0.034

(0.032, 0.036)
0.003

(0.002, 0.004) 9.00 × 10−3

Contrast 0.54
(0.35, 0.71)

0.50
(0.47, 0.53)

0.06
(0.05, 0.08) 1.81 × 10−1 0.58

(0.40, 0.74)
0.51

(0.48, 0.53)
0.05

(0.04, 0.06) 1.51 × 10−1 0.49
(0.30, 0.67)

0.52
(0.49, 0.54)

0.06
(0.05, 0.07) 1.64 × 10−1 0.44

(0.24, 0.63)
0.50

(0.48, 0.53)
0.06

(0.05, 0.08) 1.75 × 10−1

Correlation 0.50
(0.31, 0.68)

0.98
(0.98, 0.985)

0.003
(0.002, 0.004) 8.00 × 10−3 0.631

(0.459, 0.774)
0.984

(0.982, 0.985)
0.002

(0.002, 0.003) 6.00 × 10−3 0.475
(0.277, 0.661)

0.985
(0.984, 0.986)

0.002
(0.002, 0.002) 5.00 × 10−3 0.457

(0.257, 0.647)
0.985

(0.984, 0.986)
0.002

(0.002, 0.003) 6.00 × 10−3

Energy 0.249
(0.049, 0.471)

0.011
(0.009, 0.013)

0.007
(0.004, 0.01) 1.90 × 10−2 0.371

(0.168, 0.578)
0.011

(0.008, 0.014)
0.007

(0.004, 0.01) 1.90 × 10−2 0.762
(0.632, 0.861)

0.012
(0.009, 0.016)

0.005
(0.003, 0.007) 1.30 × 10−2 0.753

(0.619, 0.855)
0.011

(0.009, 0.013)
0.003

(0.002, 0.004) 7.00 × 10−3
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Table A1. Cont.

Stroke Affected Leg Stroke Non Affected Leg Healthy Dominant Leg Healthy Non Dominant Leg

ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC

Entropy 0.542
(0.353, 0.711)

1.588
(1.571, 1.605)

0.035
(0.026, 0.043) 9.60 × 10−2 0.491

(0.295, 0.673)
1.59

(1.574, 1.607)
0.036

(0.027, 0.046) 1.01 × 10−1 0.695
(0.542, 0.818)

1.598
(1.578, 1.618)

0.031
(0.022, 0.039) 8.50 × 10−2 0.578

(0.395, 0.737)
1.596

(1.582, 1.61)
0.027

(0.021, 0.032) 7.40 × 10−2

Information
measures of
correlation A

0.489
(0.293, 0.672)

0.772
(0.765, 0.778)

0.013
(0.011, 0.016) 3.70 × 10−2 0.471

(0.273, 0.658)
0.771

(0.766, 0.777)
0.012

(0.01, 0.015) 3.40 × 10−2 0.503
(0.308, 0.682)

0.772
(0.765, 0.778)

0.014
(0.012, 0.017) 3.90 × 10−2 0.289

(0.087, 0.507)
0.777

(0.771, 0.783)
0.017

(0.013, 0.022) 4.80 × 10−2

Information
measures of
correlation B

0.387
(0.184, 0.591)

0.913
(0.911, 0.915)

0.005
(0.004, 0.006) 1.40 × 10−2 0.467

(0.269, 0.655)
0.913

(0.911, 0.915)
0.005

(0.003, 0.006) 1.30 × 10−2 0.61
(0.433, 0.759)

0.915
(0.913, 0.917)

0.004
(0.003, 0.005) 1.00 × 10−2

0.163
(−0.029,

0.39)

0.916
(0.915, 0.917)

0.004
(0.003, 0.005) 1.10 × 10−2

Maximum
Value
Probability

0.549
(0.361, 0.716)

0.03
(0.019, 0.04)

0.021
(0.013, 0.029) 5.90 × 10−2 0.697

(0.544, 0.819)
0.029

(0.017, 0.041)
0.018

(0.011, 0.026) 5.10 × 10−2 0.828
(0.726, 0.902)

0.039
(0.022, 0.056)

0.019
(0.012, 0.026) 5.20 × 10−2 0.883

(0.808, 0.934)
0.035

(0.023, 0.048)
0.011

(0.008, 0.015) 3.10 × 10−2

Cluster
prominence

0.595
(0.415, 0.749)

7697.755
(7087.671,
8307.838)

1125.032
(907.974,
1342.09)

3.12 × 103 0.576
(0.392, 0.735)

7784.223
(7217.055,
8351.392)

1095.595
(843.187,
1348.003)

3.04 × 103
0.121

(−0.064,
0.348)

8732.217
(8431.979,
9032.455)

1103.73
(850.745,
1356.714)

3.06 × 103 0.611
(0.434, 0.76)

8492.255
(8037.317,
8947.193)

832.887
(675.661,
990.113)

2.31 × 103

Sum average 0.497
(0.301, 0.677)

16.782
(16.308,
17.257)

1.022
(0.76, 1.284) 2.83 × 100 0.588

(0.407, 0.744)

16.557
(16.101,
17.012)

0.859
(0.678, 1.039) 2.38 × 100 0.79

(0.671, 0.878)

16.311
(15.666,
16.955)

0.787
(0.601, 0.974) 2.18 × 100 0.629

(0.456, 0.773)

16.594
(16.177,
17.012)

0.729
(0.598, 0.861) 2.02 × 100

Sum entropy 0.489
(0.292, 0.671)

1.421
(1.409, 1.433)

0.026
(0.017, 0.034) 7.20 × 10−2 0.519

(0.326, 0.694)
1.423

(1.411, 1.436)
0.027

(0.018, 0.035) 7.40 × 10−2 0.744
(0.606, 0.849)

1.429
(1.414, 1.444)

0.02
(0.013, 0.027) 5.60 × 10−2 0.634

(0.463, 0.776)
1.43

(1.422, 1.438)
0.014

(0.011, 0.017) 3.90 × 10−2

Cluster Shade 0.333
(0.13, 0.546)

17.276
(−7.435,
41.987)

67.029
(50.912,
83.147)

1.86 × 102 0.375
(0.171, 0.58)

29.94
(8.948,
50.932)

53.837
(43.288,
64.385)

1.49 × 102 0.561
(0.375, 0.725)

44.354
(15.163,
73.545)

56.95
(46.531,
67.369)

1.58 × 102 0.302
(0.099, 0.519)

20.028
(−0.885,
40.94)

59.161
(46.52,
71.801)

1.64 × 102

Sum variance 0.487
(0.29, 0.67)

301.48
(288.201,
314.759)

29.048
(22.031,
36.066)

8.05 × 101 0.573
(0.389, 0.734)

295.005
(281.528,
308.483)

25.781
(20.582,
30.981)

7.15 × 101 0.723
(0.578, 0.835)

293.374
(276.944,
309.803)

23.734
(18.764,
28.704)

6.58 × 101 0.52
(0.327, 0.695)

299.225
(288.231,
310.219)

23.068
(18.782,
27.355)

6.39 × 101

Auto
correlation

0.505
(0.311, 0.684)

339.418
(325.347,
353.488)

29.933
(23.101,
36.764)

8.30 × 101 0.54
(0.351, 0.71)

333.105
(320.415,
345.795)

25.576
(21.378,
29.774)

7.09 × 101 0.691
(0.535, 0.815)

329.227
(312.536,
345.919)

25.8
(20.579,
31.022)

7.15 × 101 0.474
(0.276, 0.66)

335.099
(323.622,
346.575)

25.872
(21.16,
30.584)

7.17 × 101

Difference
entropy

0.52
(0.327, 0.695)

0.331
(0.322, 0.339)

0.018
(0.014, 0.021) 4.90 × 10−2 0.563

(0.377, 0.726)
0.332

(0.324, 0.339)
0.015

(0.012, 0.017) 4.00 × 10−2 0.5
(0.305, 0.68)

0.334
(0.327, 0.342)

0.016
(0.013, 0.02) 4.50 × 10−2 0.439

(0.238, 0.633)
0.331

(0.323, 0.338)
0.017

(0.013, 0.021) 4.80 × 10−2

Dissimilarity 0.483
(0.286, 0.667)

0.875
(0.839, 0.911)

0.081
(0.065, 0.097) 2.24 × 10−1 0.555

(0.367, 0.72)
0.877

(0.844, 0.909)
0.064

(0.053, 0.075) 1.78 × 10−1 0.558
(0.371, 0.722)

0.873
(0.839, 0.907)

0.066
(0.054, 0.078) 1.83 × 10−1 0.474

(0.276, 0.66)
0.857

(0.825, 0.89)
0.072

(0.054, 0.091) 2.00 × 10−1

Difference
variance

0.533
(0.343, 0.705)

0.375
(0.353, 0.398)

0.048
(0.038, 0.057) 1.32 × 10−1 0.601

(0.423, 0.753)
0.377

(0.356, 0.397)
0.038

(0.031, 0.046) 1.06 × 10−1 0.467
(0.268, 0.654)

0.385
(0.366, 0.404)

0.042
(0.033, 0.052) 1.17 × 10−1 0.437

(0.237, 0.631)
0.378

(0.359, 0.397)
0.044

(0.034, 0.054) 1.22 × 10−1

Gray Level
Run-Length
Matrix
(GLRLM)
features

Grey level non-
uniformity

0.703
(0.552, 0.823)

882.638
(851.278,
913.998)

47.202
(36.123,
58.281)

1.31 × 102 0.748
(0.613, 0.852)

878.509
(846.685,
910.333)

43.616
(34.123,
53.109)

1.21 × 102 0.606
(0.429, 0.757)

877.289
(858.21,
896.368)

34.507
(27.486,
41.528)

9.56 × 101 0.457
(0.258, 0.647)

874.744
(853.691,
895.797)

48.07
(36.415,
59.724)

1.33 × 102

High gray
level run
emphasis

0.551
(0.363, 0.717)

322.095
(309.814,
334.377)

24.356
(19.301,
29.411)

6.75 × 101 0.469
(0.271, 0.656)

317.928
(308.754,
327.102)

20.594
(16.811,
24.377)

5.71 × 101 0.633
(0.462, 0.776)

314.627
(303.15,
326.104)

19.799
(15.846,
23.752)

5.49 × 101 0.431
(0.23, 0.626)

318.114
(309.436,
326.792)

20.873
(17.672,
24.075)

5.79 × 101

Low gray
level run
emphasis

0.615
(0.44, 0.764)

0.021
(0.018, 0.024)

0.005
(0.004, 0.007) 1.50 × 10−2 0.803

(0.689, 0.886)
0.021

(0.018, 0.024)
0.003

(0.003, 0.004) 1.00 × 10−2 0.871
(0.79, 0.927)

0.026
(0.021, 0.03)

0.005
(0.003, 0.006) 1.30 × 10−2 0.865

(0.782, 0.924)
0.023

(0.02, 0.027)
0.003

(0.003, 0.004) 9.00 × 10−3

Long run
emphasis

0.415
(0.213, 0.613)

7.454
(6.414, 8.494)

2.523
(1.612, 3.433) 6.99 × 100 0.364

(0.16, 0.572)
7.4

(6.282, 8.518)
2.909

(1.81, 4.009) 8.07 × 100 0.668
(0.505, 0.799)

8.348
(6.764, 9.933)

2.564
(1.68, 3.448) 7.11 × 100 0.777

(0.652, 0.87)
8.458

(7.093, 9.823)
1.763

(1.269, 2.257) 4.89 × 100

Long run high
gray level
emphasis

0.375
(0.172, 0.581)

2641.528
(2467.082,
2815.974)

446.941
(337.112,
556.771)

1.24 × 103 0.462
(0.263, 0.651)

2567.519
(2395.138,
2739.899)

393.633
(324.604,
462.663)

1.09 × 103 0.434
(0.233, 0.629)

2633.8
(2433.21,
2834.39)

473.513
(351.066,
595.959)

1.31 × 103 0.218
(0.021, 0.443)

2843.383
(2662.989,
3023.777)

570.757
(414.568,
726.946)

1.58 × 103

Long run low
gray level
emphasis

0.376
(0.173, 0.582)

1.046
(0.064, 2.029)

2.513
(1.523, 3.503) 6.97 × 100 0.389

(0.186, 0.593)

1.035
(−0.12,
2.189)

2.903
(1.742, 4.063) 8.05 × 100 0.645

(0.477, 0.784)
1.91

(0.44, 3.38)
2.483

(1.554, 3.411) 6.88 × 100 0.795
(0.678, 0.881)

1.647
(0.459, 2.836)

1.433
(0.913, 1.953) 3.97 × 100
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Table A1. Cont.

Stroke Affected Leg Stroke Non Affected Leg Healthy Dominant Leg Healthy Non Dominant Leg

ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC

Run length non-
uniformity

0.497
(0.301, 0.677)

11,575.736
(11,135.825,
12,015.647)

949.242
(753.099,
1145.386)

2.63 × 103 0.641
(0.472, 0.781)

11,751.493
(11,244.922,
12,258.064)

878.049
(758.89,
997.207)

2.43 × 103 0.67
(0.508, 0.801)

11,997.387
(11,459.188,
12,535.586)

866.925
(711.093,
1022.758)

2.40 × 103 0.515
(0.321, 0.691)

11,672.916
(11,180.291,
12,165.541)

1033.311
(756.059,
1310.562)

2.86 × 103

Run
percentage

0.571
(0.387, 0.732)

0.557
(0.545, 0.568)

0.022
(0.017, 0.027) 6.20 × 10−2 0.541

(0.351, 0.71)
0.558

(0.548, 0.568)
0.021

(0.017, 0.024) 5.80 × 10−2 0.74
(0.601, 0.847)

0.552
(0.537, 0.566)

0.02
(0.016, 0.024) 5.50 × 10−2 0.6

(0.421, 0.753)
0.545

(0.533, 0.558)
0.023

(0.017, 0.03) 6.50 × 10−2

Short run
emphasis

0.48
(0.282, 0.664)

0.683
(0.674, 0.693)

0.021
(0.017, 0.025) 5.90 × 10−2 0.502

(0.307, 0.681)
0.687

(0.679, 0.695)
0.018

(0.015, 0.021) 5.10 × 10−2 0.578
(0.395, 0.737)

0.688
(0.678, 0.698)

0.019
(0.016, 0.023) 5.30 × 10−2 0.408

(0.206, 0.608)
0.68

(0.67, 0.689)
0.023

(0.017, 0.029) 6.40 × 10−2

Short run high
gray level
emphasis

0.619
(0.444, 0.766)

213.842
(204.073,
223.612)

17.3
(14.051,
20.548)

4.80 × 101 0.539
(0.349, 0.709)

213.083
(206.176,
219.991)

13.948
(11.299,
16.596)

3.87 × 101 0.664
(0.501, 0.797)

210.813
(201.589,
220.037)

15.022
(11.841,
18.202)

4.16 × 101 0.535
(0.345, 0.706)

209.622
(201.614,
217.629)

16.267
(12.908,
19.625)

4.51 × 101

Short run low
gray emphasis

0.581
(0.399, 0.739)

0.009
(0.009, 0.01)

0.002
(0.001, 0.002) 5.00 × 10−3 0.731

(0.589, 0.841)
0.01

(0.009, 0.01)
0.001

(0.001, 0.001) 4.00 × 10−3 0.83
(0.729, 0.903)

0.011
(0.01, 0.012)

0.001
(0.001, 0.002) 4.00 × 10−3 0.715

(0.568, 0.831)
0.01

(0.009, 0.011)
0.001

(0.001, 0.001) 3.00 × 10−3

Gray Level
Size-Zone
Matrix
(GLSZM)
features

High intensity
emphasis

0.606
(0.429, 0.757)

294.583
(280.259,
308.906)

25.905
(21.278,
30.532)

7.18 × 101 0.517
(0.324, 0.692)

293.531
(283.335,
303.728)

21.311
(17.755,
24.867)

5.91 × 101 0.746
(0.61, 0.851)

283.226
(268.812,
297.64)

19.719
(15.343,
24.094)

5.47 × 101 0.574
(0.39, 0.734)

284.697
(272.433,
296.961)

23.434
(19.271,
27.597)

6.50 × 101

High intensity
large area
emphasis

0.527
(0.335, 0.7)

209,895.412
(171,011.851,
248,778.972)

80,046.441
(60,304.857,
99,788.025)

2.22 × 105 0.528
(0.336, 0.701)

189,011.238
(158,256.631,
219,765.846)

64,085.069
(51,375.804,
76,794.333)

1.78 × 105 0.459
(0.259, 0.648)

215,790.788
(170,250.711,
261,330.866)

103,801.825
(70,962.32,
136,641.33)

2.88 × 105
0.177

(−0.016,
0.404)

252,553.043
(207,358.147,
297,747.938)

151,122.473
(103,630.563,
198,614.382)

4.19 × 105

High intensity
small area
emphasis

0.485
(0.288, 0.668)

96.247
(89.647,
102.847)

14.479
(12.041,
16.917)

4.01 × 101 0.48
(0.282, 0.664)

98.862
(93.621,
104.103)

11.614
(9.298, 13.93) 3.22 × 101 0.592

(0.412, 0.747)

95.671
(88.751,
102.59)

12.924
(10.721,
15.127)

3.58 × 101 0.518
(0.325, 0.693)

92.847
(86.323,
99.37)

13.617
(10.711,
16.522)

3.77 × 101

Intensity
variability

0.347
(0.143, 0.557)

226.849
(213.626,
240.071)

35.547
(28.978,
42.116)

9.85 × 101 0.615
(0.439, 0.763)

229.457
(213.769,
245.145)

28.295
(23.305,
33.285)

7.84 × 101 0.502
(0.307, 0.682)

232.75
(219.116,
246.385)

29.177
(23.634,
34.719)

8.09 × 101 0.363
(0.16, 0.571)

223.415
(211.046,
235.784)

32.211
(25.313,
39.109)

8.93 × 101

Large area
emphasis

0.374
(0.17, 0.58)

763.009
(229.006,
1297.012)

1373.771
(839.561,
1907.981)

3.81 × 103 0.264
(0.063, 0.485)

822.771
(28.937,

1616.605)

2363.198
(1418.947,
3307.45)

6.55 × 103 0.286
(0.084, 0.505)

1369.264
(324.461,
2414.067)

3017.98
(1839.375,
4196.585)

8.37 × 103 0.675
(0.514, 0.804)

1182.18
(246.887,
2117.474)

1492.994
(923.355,
2062.633)

4.14 × 103

Low intensity
emphasis

0.621
(0.448, 0.768)

0.013
(0.011, 0.014)

0.002
(0.002, 0.003) 7.00 × 10−3 0.696

(0.542, 0.818)
0.013

(0.011, 0.014)
0.002

(0.001, 0.002) 5.00 × 10−3 0.799
(0.683, 0.884)

0.014
(0.012, 0.016)

0.002
(0.002, 0.002) 6.00 × 10−3 0.703

(0.552, 0.823)
0.013

(0.012, 0.015)
0.002

(0.001, 0.002) 5.00 × 10−3

Low intensity
large area
emphasis

0.362
(0.158, 0.57)

345.44
(−177.153,
868.034)

1363.459
(818.888,
1908.031)

3.78 × 103 0.274
(0.073, 0.494)

430.877
(−374.155,
1235.908)

2363.714
(1410.726,
3316.703)

6.55 × 103 0.272
(0.071, 0.492)

944.872
(−78.89,

1968.634)

3014.481
(1828.466,
4200.495)

8.36 × 103 0.654
(0.489, 0.79)

699.392
(−200.537,
1599.321)

1492.996
(898.539,
2087.453)

4.14 × 103

Low intensity
small area
emphasis

0.48
(0.283, 0.664)

0.003
(0.002, 0.003)

0.001
(0, 0.001) 2.00 × 10−3 0.727

(0.584, 0.838)
0.003

(0.002, 0.003)
0

(0, 0.001) 1.00 × 10−3 0.79
(0.67, 0.878)

0.003
(0.003, 0.004)

0.001
(0, 0.001) 2.00 × 10−3 0.768

(0.64, 0.864)
0.003

(0.003, 0.003)
0

(0, 0.001) 1.00 × 10−3

Small area
emphasis

0.437
(0.236, 0.631)

0.335
(0.321, 0.349)

0.033
(0.027, 0.039) 9.10 × 10−2 0.485

(0.288, 0.668)
0.343

(0.331, 0.356)
0.028

(0.023, 0.032) 7.60 × 10−2 0.557
(0.37, 0.722)

0.349
(0.335, 0.362)

0.027
(0.023, 0.031) 7.50 × 10−2 0.411

(0.209, 0.611)
0.337

(0.325, 0.349)
0.03

(0.022, 0.037) 8.20 × 10−2

Size zone
variability

0.273
(0.071, 0.493)

739.196
(666.467,
811.925)

215.866
(172.05,
259.683)

5.98 × 102 0.56
(0.374, 0.724)

768.711
(684.217,
853.205)

167.945
(140.423,
195.467)

4.66 × 102 0.519
(0.326, 0.694)

810.513
(725.429,
895.597)

179.362
(143.772,
214.952)

4.97 × 102 0.385
(0.181, 0.589)

740.514
(665.603,
815.426)

189.448
(141.149,
237.747)

5.25 × 102

Zone
percentage

0.434
(0.233, 0.629)

0.124
(0.116, 0.132)

0.019
(0.016, 0.023) 5.30 × 10−2 0.547

(0.358, 0.714)
0.125

(0.117, 0.132)
0.015

(0.013, 0.017) 4.20 × 10−2 0.537
(0.347, 0.708)

0.124
(0.116, 0.132)

0.016
(0.013, 0.019) 4.30 × 10−2 0.393

(0.19, 0.595)
0.119

(0.112, 0.126)
0.017

(0.013, 0.022) 4.80 × 10−2

Superior
order

features

Local Binary
Pattern

Local binary
patterns

0.299
(0.097, 0.516)

38.154
(37.963,
38.345)

0.548
(0.34, 0.756) 1.52 × 100 0.249

(0.049, 0.471)

38.064
(37.823,
38.305)

0.731
(0.443, 1.019) 2.03 × 100 0.853

(0.763, 0.916)

38.333
(37.889,
38.777)

0.444
(0.268, 0.621) 1.23 × 100 0.483

(0.286, 0.667)

38.103
(37.862,
38.343)

0.528
(0.318, 0.738) 1.46 × 100

Blob analysis
features Mean area 0.286

(0.084, 0.505)

72.667
(29.026,
116.308)

126.077
(78.86,

173.293)
3.49 × 102

0.12
(−0.066,
0.347)

59.154
(46.955,
71.353)

44.507
(32.631,
56.383)

1.23 × 102 0.255
(0.055, 0.477)

68.385
(54.29,
82.479)

42.461
(30.953,
53.968)

1.18 × 102
0.068

(−0.108,
0.294)

77.673
(57.108,
98.239)

80.332
(58.72,

101.945)
2.23 × 102

Mean
perimeter

0.254
(0.054, 0.476)

31.378
(23.058,
39.698)

25.141
(16.546,
33.737)

6.97 × 101 0.184
(−0.01, 0.41)

29.827
(26.272,
33.382)

11.817
(8.928,
14.705)

3.28 × 101
0.158

(−0.033,
0.385)

32.077
(28.782,
35.372)

11.303
(8.828,
13.778)

3.13 × 101
0.17

(−0.022,
0.397)

32.538
(27.493,
37.584)

17.124
(13.033,
21.216)

4.75 × 101
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Table A1. Cont.

Stroke Affected Leg Stroke Non Affected Leg Healthy Dominant Leg Healthy Non Dominant Leg

ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC ICC
(95%CI)

Mean
(95%CI)

SEM
(95%CI) MDC ICC

(95%CI)
Mean

(95%CI)
SEM

(95%CI) MDC

Radius mean 0.309
(0.106, 0.525)

4.183
(3.385, 4.98)

2.246
(1.589, 2.904) 6.23 × 100

0.155
(−0.035,
0.382)

4.143
(3.728, 4.557)

1.445
(1.145, 1.745) 4.01 × 100

0.181
(−0.013,
0.407)

4.512
(4.066, 4.958)

1.483
(1.174, 1.792) 4.11 × 100

0.157
(−0.033,
0.384)

4.507
(3.858, 5.156)

2.256
(1.75, 2.762) 6.25 × 100

Radius
standard
deviation

0.323
(0.12, 0.537)

1.595
(1.262, 1.929)

0.925
(0.651, 1.199) 2.56 × 100

0.179
(−0.015,
0.405)

1.583
(1.399, 1.768)

0.616
(0.473, 0.759) 1.71 × 100

0.02
(−0.148,
0.241)

1.72
(1.54, 1.901)

0.751
(0.585, 0.917) 2.08 × 100

0.172
(−0.021,
0.399)

1.604
(1.379, 1.829)

0.771
(0.566, 0.975) 2.14 × 100

Radius
minimum
value

0
(−0.163,
0.219)

1.208
(1.086, 1.33)

0.572
(0.431, 0.713) 1.59 × 100

0.107
(−0.076,
0.334)

1.286
(1.162, 1.41)

0.46
(0.368, 0.552) 1.28 × 100

0.054
(−0.12,
0.278)

1.364
(1.246, 1.482)

0.468
(0.361, 0.575) 1.30 × 100

0.123
(−0.062,
0.351)

1.331
(1.153, 1.509)

0.652
(0.509, 0.794) 1.81 × 100

Radius
maximum
value

0.327
(0.124, 0.54)

7.128
(5.69, 8.566)

3.956
(2.803, 5.108) 1.10 × 101

0.177
(−0.016,
0.403)

7.034
(6.292, 7.776)

2.498
(1.964, 3.033) 6.93 × 100

0.115
(−0.07,
0.342)

7.604
(6.856, 8.352)

2.723
(2.139, 3.307) 7.55 × 100

0.166
(−0.026,
0.393)

7.567
(6.476, 8.659)

3.758
(2.891, 4.626) 1.04 × 101

Number of blobs 0.535
(0.345, 0.706)

27.192
(23.667,
30.718)

7.16
(5.809, 8.512) 1.98 × 101 0.269

(0.068, 0.49)

24.308
(21.939,
26.676)

7.085
(5.688, 8.482) 1.96 × 101

0
(−0.163,
0.219)

21.782
(20.478,
23.086)

5.841
(4.668, 7.014) 1.62 × 101 0.456

(0.256, 0.646)

23.551
(20.852,
26.251)

6.25
(5.092, 7.408) 1.73 × 101

ICC: Intraclass Correlation Coefficient; SEM: Standard Error of Measurement; MDC: Minimal Detectable Change; 95%CI: 95% confidence interval. ICC values higher than 0.75 are shown
in bold.
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Appendix A.2

Table A2. Model covariables multicollinearity assessment.

ϱ

Educational level Alcohol 0.238

Exercise type 0.649

VAS-10 depression 0.4

IPAQ category 0.072

Alcohol Educational level 0.238

Exercise type 0.476

VAS-10 depression 0.224

IPAQ category 0.077

Exercise type Educational level 0.649

Alcohol 0.476

VAS-10 depression 0.282

IPAQ category 0.124

VAS-10 depression Educational level 0.4

Alcohol 0.224

Exercise type 0.282

IPAQ category 0.231

IPAQ category Educational level 0.072

Alcohol 0.077

Exercise type 0.124

VAS-10 depression 0.231
Correlations higher than 0.7 are shown in bold.
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Appendix A.3

Table A3. Differences in Ultrasound Muscle Parameters Between Healthy and Stroke Patients.

Stroke Affected Leg Stroke Non
Affected Leg

Healthy
Dominant Leg

Healthy Non
Dominant Leg

Stroke Affected vs. Non
Affected Leg (a p Value)

Stroke Affected Leg vs. Healthy
Dominant Leg (a p Value)

Stroke Affected Leg vs. Healthy
Non Dominant Leg (a p Value)

Echostructure parameters

Muscle thickness (cm) 1.87 ± 0.41 1.96 ± 0.30 1.73 ± 0.30 1.78 ± 0.27 0.085 (SE = 0.128), t = 0.663,
p = 0.512

−0.275 (SE = 0.198), t = −1.389,
p = 0.174

−0.156 (SE = 0.192), t = −0.811,
p = 0.423

Penation angle (◦ ) 32.48 ± 4.07 34.56 ± 4.60 34.83 ± 3.95 35.81 ± 5.14 1.271 (SE = 1.171), t = 1.085,
p = 0.287

3.706 (SE = 2.073), t = 1.787,
p = 0.083

3.507 (SE = 2.704), t = 1.297,
p = 0.203

Ecotexture parameters:
First-order features Echogenicity 125.62 ± 9.90 123.56 ± 9.43 121.50 ± 13.31 123.94 ± 8.59 −1.99 (SE = 1.996), t = −0.997,

p = 0.327
−3.797 (SE = 5.395), t = −0.704,

p = 0.486
−2.006 (SE = 4), t = −0.502,

p = 0.619

Echovariance 0.54 ± 0.07 0.55 ± 0.06 0.58 ± 0.09 0.56 ± 0.06 0.013 (SE = 0.015), t = 0.827,
p = 0.415

0.035 (SE = 0.037), t = 0.933,
p = 0.357

0.019 (SE = 0.03), t = 0.633,
p = 0.531

Energy 904,274,537.42 ±
109,697,404.46

884,829,166.95 ±
119,748,589.42

908,245,691.82 ±
129,653,861.89 926,233,986.85 ± 86,155,675.59

−16,285,433.596 (SE =
30,821,264.524), t = −0.528,

p = 0.601

11,731,865.299 (SE = 57,187,127.896),
t = 0.205,
p = 0.839

26,853,832.524 (SE = 44,792,969.336),
t = 0.6,

p = 0.553

Entropy 7.79 ± 0.23 7.82 ± 0.24 7.78 ± 0.36 7.81 ± 0.21 0.037 (SE = 0.033), t = 1.127,
p = 0.269

0.003 (SE = 0.146), t = 0.02,
p = 0.984

0.016 (SE = 0.095), t = 0.173,
p = 0.864

Kurtosis −1.01 ± 0.13 −1.04 ± 0.10 −1.10 ± 0.07 −1.08 ± 0.07 −0.032 (SE = 0.041), t = −0.773,
p = 0.446

−0.08 (SE = 0.057), t = −1.395,
p = 0.172

−0.034 (SE = 0.055), t = −0.612,
p = 0.544

Median 124.10 ± 12.87 121.23 ± 11.93 118.67 ± 17.40 122.28 ± 10.58 −2.737 (SE = 2.83), t = −0.967,
p = 0.341

−4.972 (SE = 7.133), t = −0.697,
p = 0.491

−3.622 (SE = 5.269), t = −0.687,
p = 0.497

Variance 4461.49 ± 577.28 4527.55 ± 534.61 4866.73 ± 262.99 4767.81 ± 369.73 104.091 (SE = 199.519), t = 0.522,
p = 0.606

278.211 (SE = 255.089), t = 1.091,
p = 0.283

174.597 (SE = 276.866), t = 0.631,
p = 0.533

Standard deviation 66.59 ± 4.56 67.10 ± 4.33 69.70 ± 1.93 68.97 ± 2.71 0.804 (SE = 1.615), t = 0.498,
p = 0.622

2.149 (SE = 2.004), t = 1.072,
p = 0.291

1.33 (SE = 2.149), t = 0.619,
p = 0.54

Skewness 0.04 ± 0.15 0.07 ± 0.11 0.09 ± 0.15 0.05 ± 0.10 0.042 (SE = 0.036), t = 1.16,
p = 0.255

0.06 (SE = 0.069), t = 0.864,
p = 0.394

0.047 (SE = 0.059), t = 0.792,
p = 0.434

Uniformity 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.00 0 (SE = 0), t = −1.231,
p = 0.228

0.001 (SE = 0.003), t = 0.186,
p = 0.854

0.001 (SE = 0.002), t = 0.31,
p = 0.758

Ecotexture parameters:
Second-order features

Gray level co-occurrence
matrix features (GLCM) Homogeneity 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.00 −0.001 (SE = 0.001), t = −0.464,

p = 0.646
0 (SE = 0.004), t = 0.051,

p = 0.959
0.001 (SE = 0.002), t = 0.286,

p = 0.777

Contrast 0.50 ± 0.08 0.51 ± 0.07 0.52 ± 0.07 0.50 ± 0.07 −0.005 (SE = 0.026), t = −0.207,
p = 0.838

−0.023 (SE = 0.035), t = −0.659,
p = 0.514

−0.03 (SE = 0.036), t = −0.84,
p = 0.407

Correlation 0.98 ± 0.00 0.98 ± 0.00 0.98 ± 0.00 0.98 ± 0.00 0.001 (SE = 0.001), t = 0.471,
p = 0.641

0.002 (SE = 0.002), t = 1.116,
p = 0.272

0.002 (SE = 0.002), t = 0.949,
p = 0.349

Energy 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.00 0 (SE = 0), t = −0.667,
p = 0.51

0.001 (SE = 0.004), t = 0.291,
p = 0.773

0.001 (SE = 0.002), t = 0.598,
p = 0.554

Entropy 1.59 ± 0.04 1.59 ± 0.04 1.60 ± 0.05 1.60 ± 0.03 0.003 (SE = 0.012), t = 0.27,
p = 0.789

−0.002 (SE = 0.023), t = −0.068,
p = 0.946

−0.007 (SE = 0.018), t = −0.378,
p = 0.708

Information measures of
correlation A 0.77 ± 0.02 0.77 ± 0.01 0.77 ± 0.02 0.78 ± 0.01 0.002 (SE = 0.004), t = 0.368,

p = 0.715
0.003 (SE = 0.008), t = 0.348,

p = 0.73
0.012 (SE = 0.007), t = 1.721,

p = 0.094

Information measures of
correlation B 0.91 ± 0.00 0.91 ± 0.01 0.91 ± 0.01 0.92 ± 0.00 0.001 (SE = 0.002), t = 0.599,

p = 0.553
0.002 (SE = 0.003), t = 0.626,

p = 0.535
0.003 (SE = 0.002), t = 1.505,

p = 0.141

Maximum
valueProb 0.03 ± 0.03 0.03 ± 0.03 0.04 ± 0.04 0.04 ± 0.03 −0.003 (SE = 0.002), t = −1.134,

p = 0.266
0.004 (SE = 0.017), t = 0.242,

p = 0.811
0.006 (SE = 0.013), t = 0.486,

p = 0.63

Cluster
prominence 7697.75 ± 1510.45 7784.22 ± 1404.2 8732.22 ± 743.33 8492.25 ± 1126.34 200.912 (SE = 518.142), t = 0.388,

p = 0.701
649.624 (SE = 674.342), t = 0.963,

p = 0.342
508.351 (SE = 771.498), t = 0.659,

p = 0.514

Sum average 16.78 ± 1.17 16.56 ± 1.13 16.31 ± 1.60 16.59 ± 1.03 −0.21 (SE = 0.233), t = −0.901,
p = 0.375

−0.435 (SE = 0.646), t = −0.673,
p = 0.506

−0.22 (SE = 0.479), t = −0.46,
p = 0.649

Sum entropy 1.42 ± 0.03 1.42 ± 0.03 1.43 ± 0.04 1.43 ± 0.02 0.005 (SE = 0.008), t = 0.572,
p = 0.571

0.006 (SE = 0.017), t = 0.317,
p = 0.753

0.002 (SE = 0.012), t = 0.149,
p = 0.882
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Table A3. Cont.

Stroke Affected Leg Stroke Non
Affected Leg

Healthy
Dominant Leg

Healthy Non
Dominant Leg

Stroke Affected vs. Non
Affected Leg (a p Value)

Stroke Affected Leg vs. Healthy
Dominant Leg (a p Value)

Stroke Affected Leg vs. Healthy
Non Dominant Leg (a p Value)

Cluster Shade 17.28 ± 61.18 29.94 ± 51.97 44.35 ± 72.27 20.03 ± 51.78 11.744 (SE = 17.024), t = 0.69,
p = 0.496

29.054 (SE = 32.402), t = 0.897,
p = 0.376

18.167 (SE = 28.659), t = 0.634,
p = 0.53

Sum variance 301.48 ± 32.88 295.01 ± 33.37 293.37 ± 40.68 299.22 ± 27.22 −5.534 (SE = 7.764), t = −0.713,
p = 0.482

−9.607 (SE = 16.87), t = −0.569,
p = 0.573

−4.321 (SE = 13.09), t = −0.33,
p = 0.743

Auto correlation 339.42 ± 34.84 333.10 ± 31.42 329.23 ± 41.32 335.10 ± 28.41 −6.12 (SE = 8.224), t = −0.744,
p = 0.463

−12.209 (SE = 17.343), t = −0.704,
p = 0.486

−7.794 (SE = 13.995), t = −0.557,
p = 0.581

Difference
entropy 0.33 ± 0.02 0.33 ± 0.02 0.33 ± 0.02 0.33 ± 0.02 −0.001 (SE = 0.006), t = −0.135,

p = 0.893
−0.006 (SE = 0.01), t = −0.579,

p = 0.566
−0.008 (SE = 0.01), t = −0.879,

p = 0.385

Dissimilarity 0.88 ± 0.09 0.88 ± 0.08 0.87 ± 0.08 0.86 ± 0.08 −0.01 (SE = 0.03), t = −0.333,
p = 0.741

−0.038 (SE = 0.044), t = −0.868,
p = 0.392

−0.046 (SE = 0.044), t = −1.059,
p = 0.297

Difference
variance 0.38 ± 0.06 0.38 ± 0.05 0.39 ± 0.05 0.38 ± 0.05 −0.004 (SE = 0.019), t = −0.216,

p = 0.831
−0.017 (SE = 0.025), t = −0.658,

p = 0.515
−0.02 (SE = 0.026), t = −0.743,

p = 0.462

Gray level run-length matrix
features (GLRLM) Grey level non uniformity 882.64 ± 77.64 878.51 ± 78.79 877.29 ± 47.24 874.74 ± 52.12 −6.594 (SE = 26.95), t = −0.245,

p = 0.808
−0.292 (SE = 37.586), t = −0.008,

p = 0.994
9,66 (SE = 37.655), t = 0.257,

p = 0.799

High gray level run
emphasis 322.10 ± 30.41 317.93 ± 22.71 314.63 ± 28.42 318.11 ± 21.49 −5.453 (SE = 6.982), t = −0.781,

p = 0.441
−12.197 (SE = 13.334), t = −0.915,

p = 0.367
−8.406 (SE = 11.748), t = −0.716,

p = 0.479

Low gray level run emphasis 0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 0.02 ± 0.01 0 (SE = 0.001), t = −0.015,
p = 0.988

0.004 (SE = 0.005), t = 0.736,
p = 0.467

0.001 (SE = 0.004), t = 0.412,
p = 0.683

Long run
emphasis 7.45 ± 2.58 7.40 ± 2.77 8.35 ± 3.92 8.46 ± 3.38 −0.121 (SE = 0.396), t = −0.305,

p = 0.763
0.893 (SE = 1.598), t = 0.559,

p = 0.58
1.696 (SE = 1.432), t = 1.185,

p = 0.244

Long run high gray level
emphasis 2641.53 ± 431.90 2567.52 ± 426.78 2633.80 ± 496.62 2843.38 ± 446.62 −34.297 (SE = 133.506), t = −0.257,

p = 0.799
90.462 (SE = 229.4), t = 0.394,

p = 0.696
334.052 (SE = 222.429), t = 1.502,

p = 0.142

Long run low gray level
emphasis 1.05 ± 2.43 1.03 ± 2.86 1.91 ± 3.64 1.65 ± 2.94 −0.163 (SE = 0.195), t = −0.837,

p = 0.409
0.592 (SE = 1.423), t = 0.416,

p = 0.68
0.955 (SE = 1.242), t = 0.769,

p = 0.447

Run length non-uniformity 11,575.74 ± 1089.14 11,751.49 ± 1254.17 11,997.39 ± 1332.48 11,672.92 ± 1219.65 116.804 (SE = 394.246), t = 0.296,
p = 0.769

112.764 (SE = 668.711), t = 0.169,
p = 0.867

59.68 (SE = 613.707), t = 0.097,
p = 0.923

Run percentage 0.56 ± 0.03 0.56 ± 0.03 0.55 ± 0.04 0.55 ± 0.03 0 (SE = 0.008), t = 0.042,
p = 0.967

−0.013 (SE = 0.016), t = −0.8,
p = 0.429

−0.017 (SE = 0.015), t = −1.138,
p = 0.263

Short run
emphasis 0.68 ± 0.02 0.69 ± 0.02 0.69 ± 0.02 0.68 ± 0.02 0.002 (SE = 0.007), t = 0.32,

p = 0.752
−0.005 (SE = 0.012), t = −0.454,

p = 0.653
−0.01 (SE = 0.011), t = −0.903,

p = 0.373

Short run high gray level
emphasis 213.84 ± 24.19 213.08 ± 17.10 210.81 ± 22.84 209.62 ± 19.83 −2.138 (SE = 5.56), t = −0.385,

p = 0.703
−10.343 (SE = 11.16), t = −0.927,

p = 0.361
−8.855 (SE = 10.285), t = −0.861,

p = 0.395

Short run low grey emphasis 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0 (SE = 0), t = 0.077,
p = 0.939

0.001 (SE = 0.001), t = 0.88,
p = 0.385

0 (SE = 0.001), t = 0.331,
p = 0.743

Gray level size-zone matrix
features (GLSZM) High intensity emphasis 294.58 ± 35.46 293.53 ± 25.24 283.23 ± 35.69 284.70 ± 30.36 −3.634 (SE = 8.261), t = −0.44,

p = 0.663
−21.136 (SE = 17.633), t = −1.199,

p = 0.239
−13.798 (SE = 15.557), t = −0.887,

p = 0.381

High intensity large area
emphasis 209,895.41 ± 96,268.18 189,011.24 ± 76,142.47 215,790.79 ± 112,748.43 252,553.04 ± 111,893.83

−14,072.445 (SE = 29,668.836), t =
−0.474,

p = 0.639

27,428.971 (SE = 55,252.663), t =
0.496,

p = 0.623

60,270.974 (SE = 54,390.831),
t = 1.108, p = 0.276

High intensity small area
emphasis 96.25 ± 16.34 98.86 ± 12.98 95.67 ± 17.13 92.85 ± 16.15 1.105 (SE = 4.178), t = 0.264,

p = 0.793
−7.682 (SE = 8.431), t = −0.911,

p = 0.369
−6.797 (SE = 8.047), t = −0.845,

p = 0.404

Intensity
variability 226.85 ± 32.74 229.46 ± 38.84 232.75 ± 33.76 223.42 ± 30.62 −0.756 (SE = 11.927), t = −0.063,

p = 0.95
−3.559 (SE = 18.035), t = −0.197,

p = 0.845
−7.034 (SE = 16.764), t = −0.42,

p = 0.677

Large area
emphasis 763.01 ± 1322.09 822.77 ± 1965.38 1369.26 ± 2586.73 1182.18 ± 2315.61 −93.584 (SE = 137.633), t = −0.68,

p = 0.502
399.013 (SE = 1022.398), t = 0.39,

p = 0.699
755.32 (SE = 958.09), t = 0.788,

p = 0.436

Low intensity emphasis 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0 (SE = 0.001), t = −0.095,
p = 0.925

0.002 (SE = 0.002), t = 1.199,
p = 0.239

0.001 (SE = 0.001), t = 0.682,
p = 0.5

Low intensity large area
emphasis 345.44 ± 1293.84 430.88 ± 1993.10 944.87 ± 2534.64 699.39 ± 2228.05 −78.717 (SE = 85.59), t = −0.92,

p = 0.365
330.495 (SE = 992.916), t = 0.333,

p = 0.741
651.265 (SE = 925.334), t = 0.704,

p = 0.486

Low intensity small area
emphasis 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0 (SE = 0), t = −0.058,

p = 0.954
0 (SE = 0.001), t = 0.804,

p = 0.427
0 (SE = 0), t = 0.162,

p = 0.873
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Table A3. Cont.

Stroke Affected Leg Stroke Non
Affected Leg

Healthy
Dominant Leg

Healthy Non
Dominant Leg

Stroke Affected vs. Non
Affected Leg (a p Value)

Stroke Affected Leg vs. Healthy
Dominant Leg (a p Value)

Stroke Affected Leg vs. Healthy
Non Dominant Leg (a p Value)

Small area
emphasis 0.33 ± 0.03 0.34 ± 0.03 0.35 ± 0.03 0.34 ± 0.03 0.007 (SE = 0.009), t = 0.712,

p = 0.482
0.001 (SE = 0.016), t = 0.049,

p = 0.961
−0.012 (SE = 0.015), t = −0.752,

p = 0.457

Size zone
variability 739.20 ± 180.06 768.71 ± 209.19 810.51 ± 210.65 740.51 ± 185.47 10.752 (SE = 63.682), t = 0.169,

p = 0.867
−4.827 (SE = 98.182), t = −0.049,

p = 0.961
−56.511 (SE = 91.656), t = −0.617,

p = 0.542

Zone percentage 0.12 ± 0.02 0.12 ± 0.02 0.12 ± 0.02 0.12 ± 0.02 −0.002 (SE = 0.006), t = −0.238,
p = 0.814

−0.008 (SE = 0.01), t = −0.865,
p = 0.393

−0.012 (SE = 0.009), t = −1.286,
p = 0.207

Ecotexture parameters:
Superior order features Local Binary Patterns Local binary

patterns 38.15 ± 0.47 38.06 ± 0.60 38.33 ± 1.10 38.10 ± 0.59 −0.123 (SE = 0.089), t = −1.372,
p = 0.18

0.116 (SE = 0.436), t = 0.266,
p = 0.792

0.026 (SE = 0.243), t = 0.107,
p = 0.916

Blob analysis features Mean area 72.67 ± 108,05 59.15 ± 30.20 68.38 ± 34.90 77.67 ± 50.92 −15.807 (SE = 31.067), t = −0.509,
p = 0.615

−17.346 (SE = 46.709), t = −0.371,
p = 0.713

13.757 (SE = 50.081), t = 0.275,
p = 0.785

Mean perimeter 31.38 ± 20.60 29.83 ± 8.80 32.08 ± 8.16 32.54 ± 12.49 −1.263 (SE = 6.097), t = −0.207,
p = 0.837

−0.977 (SE = 8.934), t = −0.109,
p = 0.914

4.221 (SE = 9.954), t = 0.424,
p = 0.674

Radius mean 4.18 ± 1.97 4.14 ± 1.03 4.51 ± 1.10 4.51 ± 1.61 −0.011 (SE = 0.584), t = −0.019,
p = 0.985

0.122 (SE = 0.876), t = 0.139,
p = 0.89

0.623 (SE = 1.026), t = 0.607,
p = 0.548

Radius standard deviation 1.60 ± 0.83 1.58 ± 0.46 1.72 ± 0.45 1.60 ± 0.56 0.053 (SE = 0.243), t = 0.217,
p = 0.83

0.062 (SE = 0.371), t = 0.167,
p = 0.868

0.12 (SE = 0.411), t = 0.292,
p = 0.772

Radius minimum value 1.21 ± 0.30 1.29 ± 0.31 1.36 ± 0.29 1.33 ± 0.44 0.104 (SE = 0.098), t = 1.058,
p = 0.298

0.307 (SE = 0.152), t = 2.019,
p = 0.051

0.005 (SE = 0.2), t = 0.025,
p = 0.98

Radius maximum value 7.13 ± 3.56 7.03 ± 1.84 7.60 ± 1.85 7.57 ± 2.70 0.034 (SE = 1.054), t = 0.032,
p = 0.974

0.122 (SE = 1.581), t = 0.077,
p = 0.939

1.003 (SE = 1.82), t = 0.551,
p = 0.585

Number of blobs 27.19 ± 8.73 24.31 ± 5.86 21.78 ± 3.23 23.55 ± 6.68 −4.421 (SE = 2.789), t = −1.585,
p = 0.123

−6.191 (SE = 3.483), t = −1.777,
p = 0.084

−6.535 (SE = 4.373), t = −1.494,
p = 0.144

SE: Standard error; Data expressed with mean ± standard deviation. asignificant if p < 0.05 (shown in bold).

Appendix A.4

Table A4. Differences in dynamometry, goniometry, and ultrasound parameters by Modified Ashworth Scale (MAS) level in the stroke-affected leg. Correlations
Between Ultrasound Parameters and Functional Differences According to Spasticity Severity in Stroke Patients.

Level 1
Spasticity

Level 1+
Spasticity

Level 2
Spasticity

Level 3
Spasticity

a p Value

ADF
dynamometry (kg) 4.68 ± 3.51 4.99 ± 6.74 1.64 ± 1.85 1.32 ± 1.34 −1.285 (SE = 2.418), t = −0. 594, p = 0.367

APF
dynamometry (kg) 9.09 ± 7.96 8.09 ± 6.22 2.14 ± 2.07 2.78 ± 1.33 −4.202 (SE = 3.423), t = −1.301, p = 0.377

APF
goniometry (◦) 47.12 ± 8.64 53.33 ± 8.16 48.33 ± 18.35 34.17 ± 25.96 0.954 (SE = 10.116), t = 0.076, p = 0.522

ADF
goniometry (◦) −0.62 ± 8.21 −6.67 ± 7.53 −14.17 ± 7.36 −15.00 ± 14.83 −13.198 (SE = 6.05), t = −2.219, p = 0.073

Echostructure parameters Muscle
thickness (cm) 1.98 ± 0.51 1.75 ± 0.37 1.72 ± 0.24 1.99 ± 0.45 −0.13 (SE = 0.26), t = −0.523, p = 0.552

Penation angle (◦) 34.64 ± 4.02 32.50 ± 2.83 31.49 ± 4.23 30.59 ± 4.63 −2.788 (SE = 2.482), t = −1.148, p = 0.299

Ecotexture parameters:
First-order features Echogenicity 126.01 ± 9.49 120.98 ± 16.44 130.23 ± 5.76 125.13 ± 2.93 3.128 (SE = 5.9), t = 0.557, p = 0.603

Echovariance 0.54 ± 0.03 0.57 ± 0.10 0.51 ± 0.07 0.53 ± 0.05 −0.026 (SE = 0.039), t = −0.72, p = 0.526
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Table A4. Cont.

Level 1
Spasticity

Level 1+
Spasticity

Level 2
Spasticity

Level 3
Spasticity

a p Value

Energy 925,266,474.50 ±
118,389,930.10

824,989,471.39 ±
157,069,093.13

960,750,582.50 ±
57,458,688.29

899,094,308.94 ±
21,556,847.02

6,106,199.07 (SE = 62,185,455.035),
t = 0.144, p = 0.588

Entropy 7.86 ± 0.08 7.63 ± 0.43 7.81 ± 0.14 7.84 ± 0.09 −0.106 (SE = 0.141), t = −0.721, p = 0.551

Kurtosis −1.01 ± 0.13 −1.03 ± 0.09 −1.03 ± 0.15 −0.97 ± 0.18 −0.012 (SE = 0.086), t = −0.133, p = 0.756

Median 124.12 ± 13.10 118.94 ± 19.67 129.89 ± 9.66 123.44 ± 5.95 5.237 (SE = 7.67), t = 0.703,
p = 0.503

Variance 4580.84 ± 423.10 4551.94 ± 407.11 4346.38 ± 909.10 4327.01 ± 594.33 −250.775 (SE = 373.447), t = −0.682,
p = 0.513

Standard
deviation 67.57 ± 3.20 67.36 ± 3.02 65.49 ± 7.36 65.62 ± 4.64 −2.05 (SE = 2.942), t = −0.711, p = 0.497

Skewness 0.06 ± 0.17 0.06 ± 0.17 −0.02 ± 0.12 0.04 ± 0.14 −0.099 (SE = 0.089), t = −1.117, p = 0.277

Uniformity 0.00 ± 0.00 0.01 ± 0.01 0.00 ± 0.00 0.00 ± 0.00 0.002 (SE = 0.003), t = 0.53, p = 0.691

Second-order features Gray level co-occurrence
matrix features (GLCM) Homogeneity 0.03 ± 0.00 0.04 ± 0.01 0.04 ± 0.00 0.03 ± 0.00 0.001 (SE = 0.004), t = 0.253, p = 0.632

Contrast 0.50 ± 0.06 0.53 ± 0.13 0.46 ± 0.03 0.53 ± 0.06 0.023 (SE = 0.049), t = 0.413, p = 0.397

Correlation 0.98 ± 0.00 0.98 ± 0.00 0.98 ± 0.01 0.98 ± 0.00 −0.002 (SE = 0.002), t = −1.036, p = 0.342

Energy 0.01 ± 0.00 0.01 ± 0.01 0.01 ± 0.00 0.01 ± 0.00 0.001 (SE = 0.003), t = 0.283, p = 0.68

Entropy 1.59 ± 0.04 1.58 ± 0.07 1.57 ± 0.03 1.60 ± 0.04 −0.003 (SE = 0.027), t = −0.131, p = 0.635

Information measures of
correlation A 0.78 ± 0.02 0.77 ± 0.02 0.78 ± 0.01 0.77 ± 0.01 −0.014 (SE = 0.009), t = −1.512, p = 0.305

Information measures of
correlation B 0.92 ± 0.00 0.91 ± 0.01 0.91 ± 0.01 0.91 ± 0.00 −0.005 (SE = 0.003), t = −1.583, p = 0.155

Maximum
valueProb 0.02 ± 0.00 0.05 ± 0.05 0.02 ± 0.00 0.02 ± 0.00 0.007 (SE = 0.016), t = 0.411, p = 0.672

Cluster
prominent 8055.86 ± 1081.46 7983.53 ± 1227.62 7335.18 ±

2337.58 7297.08 ± 1464.57 −797.457 (SE = 963.766), t = −0.839,
p = 0.427

Sum average 16.84 ± 1.10 16.21 ± 1.97 17.32 ± 0.67 16.74 ± 0.35 0.346 (SE = 0.701), t = 0.522, p = 0.627

Sum entropy 1.43 ± 0.02 1.41 ± 0.04 1.41 ± 0.03 1.43 ± 0.02 −0.01 (SE = 0.019), t = −0.558, p = 0.604

Cluster Shade 22.62 ± 71.83 23.81 ± 66.11 −3.19 ± 59.31 24.08 ± 54.29 −37.801 (SE = 36.537), t = −1.028,
p = 0.318

Sum variance 304.35 ± 36.81 288.26 ± 51.20 316.15 ± 17.87 296.21 ± 7.18 7.298 (SE = 19.866), t = 0.392, p = 0.712

Auto correlation 341.36 ± 39.28 324.66 ± 51.40 355.67 ± 21.62 335.33 ± 13.90 10.517 (SE = 20.779), t = 0.531, p = 0.617

Difference
entropy 0.33 ± 0.02 0.33 ± 0.03 0.32 ± 0.01 0.34 ± 0.01 0.008 (SE = 0.013), t = 0.536, p = 0.381

Dissimilarity 0.86 ± 0.07 0.89 ± 0.15 0.85 ± 0.08 0.91 ± 0.05 0.049 (SE = 0.057), t = 0.834, p = 0.48

Difference
variance 0.37 ± 0.04 0.39 ± 0.10 0.35 ± 0.02 0.39 ± 0.04 0.014 (SE = 0.035), t = 0.332, p = 0.414
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Table A4. Cont.

Level 1
Spasticity

Level 1+
Spasticity

Level 2
Spasticity

Level 3
Spasticity

a p Value

Gray level run-length
matrix features (GLRLM)

Grey level
non-uniformity 882.85 ± 40.34 829.29 ± 115.04 895.65 ± 91.44 922.69 ± 26.92 10.262 (SE = 46.308), t = 0.251, p = 0.492

High gray
level run
emphasis

318.99 ± 39.12 311.07 ± 34.86 335.72 ± 22.98 323.63 ± 18.72 17.635 (SE = 18.014), t = 0.996, p = 0.344

Low gray
level run
emphasis

0.02 ± 0.00 0.03 ± 0.01 0.02 ± 0.01 0.02 ± 0.00 −0.002 (SE = 0.004), t = −0.511, p = 0.469

Long run
emphasis 7.26 ± 0.92 9.17 ± 5.06 7.15 ± 1.02 6.31 ± 0.13 −0.128 (SE = 1.555), t = −0.106, p = 0.577

Long run high gray level
emphasis 2837.99 ± 352.27 2507.86 ± 494.05 2872.83 ± 447.84 2281.95 ± 108.37 −358.23 (SE = 232.705), t = −1.465,

p = 0.341

Long run low gray level
emphasis 0.47 ± 0.12 2.96 ± 4.87 0.50 ± 0.30 0.44 ± 0.11 0.772 (SE = 1.453), t = 0.485, p = 0.692

Run length
non-
uniformity

11,564.44 ± 867.63 10,921.97 ± 1486.01 11,466.42 ± 959.10 12,353.89 ± 703.58 269.6 (SE = 628.683), t = 0.426, p = 0.585

Run
percentage 0.55 ± 0.02 0.55 ± 0.05 0.55 ± 0.02 0.57 ± 0.01 0.013 (SE = 0.018), t = 0.735, p = 0.556

Short run
emphasis 0.68 ± 0.02 0.69 ± 0.03 0.67 ± 0.02 0.69 ± 0.02 0.015 (SE = 0.014), t = 1.014, p = 0.385

Short run high gray level
emphasis 209.58 ± 31.56 207.06 ± 28.15 220.16 ± 21.29 219.99 ± 10.38 16.579 (SE = 14.546), t = 1.139, p = 0.289

Short run low gray emphasis 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 −0.001 (SE = 0.001), t = −0.882, p = 0.466

Gray level size-zone
matrix features (GLSZM)

High intensity
emphasis 286.54 ± 41.47 276.53 ± 32.95 312.42 ± 33.44 305.52 ± 25.63 21.962 (SE = 20.859), t = 1.091, p = 0.36

High intensity large area
emphasis

244,885.34 ±
68,645.60

213,701.59 ±
143,438.32

236,940.92 ±
91,473.53

132,390.49 ±
27,135.33 (SE = 55,433.832), t = −1.265, p = 0.376

High intensity small area
emphasis 93.26 ± 21.19 94.17 ± 18.18 97.95 ± 16.07 100.60 ± 8.48 8.102 (SE = 10.485), t = 0.769, p = 0.465

Intensity
variability 221.71 ± 31.08 224.63 ± 42.85 221.39 ± 39.38 241.38 ± 16.82 17.296 (SE = 20.397), t = 0.816, p = 0.497

Large area
emphasis 513.73 ± 154.14 1796.34 ± 2641.19 492.83 ± 194.72 332.22 ± 38.55 306.415 (SE = 789.274), t = 0.345, p = 0.636

Low intensity
emphasis 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 −0.002 (SE = 0.002), t = −1.271, p = 0.27

Low intensity large area
emphasis 39.15 ± 13.99 1358.79 ± 2600.99 50.55 ± 49.32 35.36 ± 11.68 440.399 (SE = 773.927), t = 0.521, p = 0.705

Low intensity small area
emphasis 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0 (SE = 0), t = −0.637, p = 0.317

Small area
emphasis 0.33 ± 0.04 0.35 ± 0.04 0.32 ± 0.02 0.34 ± 0.03 0.009 (SE = 0.021), t = 0.365, p = 0.372
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Table A4. Cont.

Level 1
Spasticity

Level 1+
Spasticity

Level 2
Spasticity

Level 3
Spasticity

a p Value

Size zone
variability 724.90 ± 197.60 776.49 ± 217.40 657.40 ± 153.84 802.76 ± 147.13 65.348 (SE = 111.577), t = 0.525, p = 0.378

Zone percentage 0.12 ± 0.02 0.13 ± 0.03 0.12 ± 0.02 0.13 ± 0.01 0.012 (SE = 0.012), t = 0.936, p = 0.439

Superior order features Local Binary
Patterns Local binary patterns 38.04 ± 0.12 38.56 ± 0.91 38.00 ± 0.00 38.06 ± 0.14 0.166 (SE = 0.277), t = 0.537, p = 0.64

Blob analysis features Mean area 117.81 ± 189.29 64.81 ± 50.25 39.33 ± 8.79 53.67 ± 22.46 −44.417 (SE = 67.738), t = −0.69,
p = 0.533

Mean
perimeter 40.75 ± 34.41 30.44 ± 12.98 24.47 ± 4.71 26.72 ± 6.99 −9.409 (SE = 12.763), t = −0.776,

p = 0.492

Radius mean 5.02 ± 3.02 4.22 ± 1.90 3.44 ± 0.62 3.78 ± 0.88 −0.813 (SE = 1.227), t = −0.706, p = 0.543

Radius
standard
deviation

1.89 ± 1.25 1.72 ± 0.83 1.29 ± 0.29 1.38 ± 0.37 −0.29 (SE = 0.517), t = −0.608, p = 0.558

Radius
minimum
value

1.30 ± 0.41 1.19 ± 0.28 1.09 ± 0.15 1.22 ± 0.30 −0.081 (SE = 0.193), t = −0.46, p = 0.697

Radius
maximum
value

8.65 ± 5.45 7.29 ± 3.31 5.81 ± 1.27 6.26 ± 1.61 −1.537 (SE = 2.211), t = −0.739, p = 0.523

Number of blobs 24.17 ± 5.49 25.28 ± 6.28 28.44 ± 9.79 31.89 ± 12.48 5.787 (SE = 5.379), t = 1.083, p = 0.342

ADF: Ankle Plantarflexion; ADF: Ankle Dorsiflexion; SE: Standard error; Data expressed with mean ± standard deviation. asignificant if p < 0.05 (shown in bold).
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