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Abstract 

Purpose: The study main aim was to compare the cross-sectional area (CSA) and thickness of the plantar 
muscles and fascia in the hemiparesis and contralateral feet of poststroke survivors with respect to healthy feet 
of matched controls.  
Methods: A case-control observational study was performed using B-mode rehabilitative ultrasound imaging. 
A convenience sampling method was used to select 60 feet. The sample was divided into 20 feet ipsilateral and 
20 feet contralateral to the hemiparesis lower limb from poststroke survivors, as well as 20 healthy feet from 
matched controls. The CSA and thickness of the abductor hallucis, flexor digitorum brevis and flexor hallucis 
brevis, as well as the thickness for the posterior, middle and anterior plantar fascia portions were measured. 
Comparisons and multivariate predictive analyses were carried out for ultrasound measurements. In all 
analyses, a P-value<.01 with a 99% confidence interval was considered as statistically significant. 
Results: Statistically significant differences (P<.01) were shown for a flexor hallucis brevis thickness increase as 
well as middle and anterior plantar fascia thickness decrease of the hemiparesis feet and contralateral feet with 
respect to the healthy matched control feet. The rest of measurements did not show any statistically significant 
difference (P>.01). 
Conclusions: The thickness of the flexor hallucis brevis muscle as well as the middle and anterior plantar fascia 
portions of the hemiparesis and contralateral feet from poststroke survivors presented morphology changes 
with respect to the healthy matched control feet. 
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Introduction 
Strokes or cerebrovascular accidents may be 

considered as a high prevalence syndrome in 
developed countries (ranged from 1.47 to 2.6%) that 
shows neurologic disorders secondary to interruption 
of the cerebral blood flow [1]. Indeed, different 
geographic regions from Spain showed a high 
incidence of stroke which ranged from 141 to 220 

cases per 100 000 persons per year [1,2]. In Spain, the 
rates of mortality in-hospital and after 1-year for 
stroke were 5.9% and 17.4%, respectively [3]. Indeed, 
the age standardized stroke mortality may range from 
49 to 50 years old for males and from 38 to 42 years 
old for females [1].  
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The burden of stroke comprised high economic 
costs across the European countries with a total 
annual cost estimated at €27 billion [4]. The etiology, 
outcome measurements, and intervention strategies 
may differ and depend on the stroke categories, such 
as hemorrhagic or ischemic types. Strokes may be 
considered as a major cause of disability secondary to 
the debilitating initial symptoms and the severe 
long-term impairment regarding activities such as 
walking [1,4].  

Thus, plantar flexor muscles ipsilateral to the 
impaired and spastic lower limb were shown as a 
main focus for evaluation and treatment in poststroke 
survivors [5–7]. Specifically, rehabilitative ultrasound 
imaging (RUSI) was used to measure the pennation 
angle and muscle thickness of the medial 
gastrocnemius muscle with a good intra- (intraclass 
correlation coefficient, ICC ranged from 0.69 to 0.99) 
and inter-examiner (ICC ranged from 0.70 to 0.99) 
reliability. RUSI technique may be useful for clinical 
evaluation in poststroke patients [6]. Nevertheless, 
there is a lack of research studies regarding the RUSI 
evaluation of the intrinsic plantar muscles and fascia 
in poststroke survivors. 

Considering the intrinsic plantar muscles and 
fascia, RUSI was applied to evaluate the cross 
sectional area (CSA) and thickness of these foot 
structures [8–10]. Indeed, the CSA and thickness 
ultrasound measurements of plantar muscles such as 
the flexor hallucis brevis (FHB), flexor digitorum 
brevis (FDB) and abductor hallucis (AbH) as well as 
plantar fascia (PF) thickness were used to study the 
relationship between foot function and clinical 
conditions (i.e. hallux valgus or pes planus) and foot 
function [9,10]. An excellent reliability for these RUSI 
measurements was shown in a prior research study 
(ICC ranged from 0.91 to 0.98) [8].  

To date, the CSA and thickness of the intrinsic 
plantar muscles and fascia have not yet been 
established in patients who suffered from stroke. 
Therefore, the study main aim was to compare the 
CSA and thickness of the plantar muscles and fascia in 
the hemiparesis and contralateral feet of poststroke 
survivors with respect to healthy feet of matched 
controls. In addition, the second objective of this 
study was to predict these ultrasound measurements 
based on the demographic and descriptive data, 
ambulation capacity and spasticity level.  

Material and methods 
Design 

A cross-sectional observational study was 
carried out in order to measure the RUSI of the 
plantar muscles and fascia in the hemiparesis and 

contralateral feet of poststroke survivors with respect 
to healthy feet of matched controls from June 2017 to 
January 2018. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) 
criteria and checklist were followed [11]. 

Sample size calculation 
The sample size was calculated using the F test 

for one-way analysis of variance (fixed effects, 
omnibus ANOVA) with the G*Power 3.1.9.2 software 
and based on the AbH thickness (cm) of a pilot study 
with 3 groups (mean), 10 hemiparetic feet (1.17 cm), 
10 contralateral feet (1.17 cm) and 10 healthy feet (0.92 
cm), and a total standard deviation (SD) within each 
group of 0.18 cm. Indeed, an effect size of 0.68, an α 
error probability of 0.01 and a power (1-β error 
probability) of 0.90 were used for the sample size 
calculation. Thus, a total sample size of 45 subjects, 15 
for each group, was calculated. Considering 
information loss of 20%, at least n = 54 participants (18 
per group) must be studied. Finally, a total sample of 
60 participants, 20 per group, was included in the 
study. 

Participants 
A convenience sampling method was used to 

select 60 feet which were recruited at the Beata Maria 
Ana Hospital (Madrid, Spain). The sample was 
divided into 20 feet ipsilateral and 20 feet contralateral 
to the hemiparesis lower limb from poststroke 
survivors, as well as 20 healthy feet from matched 
controls. 

The inclusion criteria comprised participants 
older than 18 years without soreness in the leg, ankle 
and foot body areas over the last 6 months [8,10]. The 
exclusion criteria comprised self-reported or medical 
record surgeries, fractures, sprains, tears, 
tendinopathies, prior neuropathies (excluding the 
impairment secondary to hemiparetic feet), systemic 
or rheumatoid conditions, and pharmacotherapy 
(different from antiaggregants, antiplatelets or 
medications necessary for poststroke patients) 
[8–10,12]. Considering the foot and forefoot body 
areas, other specific exclusion criteria such as prior 
medical diagnosis of pes planus and cavus 
(considering the control group and the contralateral 
feet, excluding the spastic equinus feet from 
poststroke patients), hallux rigidus, heel spurs, 
plantar fasciitis, Sever’s disease, Morton’s neuroma, 
tibial nerve entrapment or tarsal tunnel syndrome, 
and plantar orthoses use [8–10,13]. Regarding the 
body regions from the low back to the leg, tibial 
periosteum degeneration or inflammation, 
meniscopathies, sprains, bursitis, Baker cysts, 
piriformis syndrome or sciatic nerve entrapments, 
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sacroiliac joint dysfunction or labral impingement 
syndrome [9,10,12–19]. Furthermore, subjects who 
performed more than 3 hours per week or high 
intensity exercise were excluded because lower limbs 
CSA modifications could be generated [20].  

Ethical considerations 
The Ethics Committee of Centro Superior de 

Estudios Universitarios La Salle (Madrid, Spain; code: 
CSEULS-PI-156/2017) approved this study. Informed 
consent forms were signed by all participants before 
the start of the study. The ethical guidelines for 
human experimentation and the Declaration of 
Helsinki were considered and respected [21]. 

Demographic and descriptive data 
The demographic and descriptive data such as 

age (years), sex (male or female), body mass index 
(BMI; kg/m2), weight (kg), height (m), and foot side 
(right or left) were initially collected [8–10].  

Ambulation capacity 
The ambulation capacity was measured with the 

Functional Independence Measure and Functional 
Assessment Measure (FIM+FAM) by an experienced 
neurology physician. This scale has shown adequate 
psychometric properties to be valid and reliable in 
patients who suffered from stroke [22]. The FIM may 
be considered as a global score of disability and a 
common language measurement with 18 items of 
dependency for activities of daily living (13 motor 
items and 5 cognitive items; each item ranged from 1 
to 7) showing satisfactory scaling assumptions and 
internal consistency (total correlations varied from 
0.57 to 0.91; Cronbach's alpha was equal to 0.94) in the 
Spanish population [22,23]. The FAM comprised the 
FIM together with 12 additional items evaluating 
psychosocial function as the key factors to measure in 
brain injury. Its reliability was improved in 
comparison with the original version and was used as 
a functionality predictor in Spanish poststroke 
patients [22,24,25]. The ambulation capacity was 
scored and categorized as 7 (complete independency), 
6 (modified independency), 5 (supervision), 4 
(minimum assistance), 3 (moderate assistance), 2 
(maximum assistance), and 1 (total assistance) [22–25]. 

Spasticity level 
The Modified Modified Ashworth Scale (MMAS) 

was applied for the assessment of plantar flexor 
spasticity in poststroke patients by an experienced 
neurology physician. This scale has shown good 
agreement (Cohen kappa ranged from 0.70 to 0.75) in 
patients with brain injury. Their scores were 
categorized as 0 (normal muscle tone), 1 (slight 
hypertonicity), 2 (moderate hypertonicity), 3 (high 

hypertonicity) and 4 (very high hypertonicity) [26]. 

Ultrasound Imaging 
All RUSI measurements were carried out by the 

same expert physical therapist with more than 4 years 
of specialization and experience. This evaluator was 
not blind to group allocation during RUSI assessment. 
A high quality diagnostic ultrasound tool (Ecube i7; 
Alpinion Medical Systems, Ltd. Verdi Tower 72, 
Digital-ro 26-gil, Guru-gu, Seoul, Korea) with a 8- to 
12.0-MHz-range linear transducer (Broadband Linear 
Array type L3-12 T; 45 mm footprint) and single 
crystal technology of linear type) was utilized to 
perform resting B-mode ultrasound imaging.  

The probe was located according to prior 
research studies about RUSI measures of the intrinsic 
plantar muscles and fascia [8–10]. First, the PF was 
assessed in a longitudinal line from the medial 
calcaneal tubercle to the 2nd toe. The PF was divided 
into 3 points of evaluation: 1) the calcaneus insertion 
(PF-1), b) the navicular tubercle (PF-2), and 3) the 2nd 
metatarsal head (PF-3). Second, the CSA 
(perpendicular to the muscle fibers) and the thickness 
(longitudinal to the muscle fibers) were assessed in 
the thickest part of the muscles (AbH, FDB and FHB) 
coinciding with 3 different scanning lines. Indeed, the 
AbH scanning line was located from the medial 
calcaneus bone tuberosity to the navicular bone 
tuberosity. After, the FDB scanning line was placed 
between the medial calcaneus tuberosity bone 
tubercle to the 3rd toe. Lastly, the FHB scanning line 
was longitudinally placed along the 1st metatarsal 
shaft (8,9). Regarding the RUSI measurements of the 
PF thickness (Figure 1), intrinsic plantar muscles CSA 
(Figure 2) and thickness (Figure 3) obtained in the 
hemiparesis, contralateral and healthy matched 
control feet, subjects who presented difficulties to 
evaluate the muscles and PF limits (i.e. structures 
larger than the probe footprint or ultrasound images 
with poor visually perimeters) were excluded [10]. 

Finally, the RUSI measurements were performed 
by the same expert physical therapist with more than 
4 years of specialization and experience (blinded to 
the allocation group by means of number codification 
of the offline images). The ImageJ software (version 
2.0; US National Institutes of Health, Bethesda, 
Maryland, USA) was used for measuring all the 
offline images [27]. These RUSI measurements have 
shown an excellent reliability which varied from 0.91 
to 0.98 ICC [8]. 

Statistical analysis 
Statistical analyses were carried out by the 22.0 

version of the SPSS software (IBM SPSS Statistics for 
Windows; Armonk, NY: IBM Corp) considering an α 
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error of 0.01 and a 99% confidence interval (CI) with a 
desired power of 90% (β error of 0.1) according to the 
sample size calculation.  

Considering the quantitative data, Shapiro-Wilk 
test was performed to evaluate normality. All 
parametric data (P > .01) were described by mean ± 

 

 
Figure 1. Ultrasound imaging measurements of the plantar fascia thickness. Abbreviations: PF-1, plantar fascia at the calcaneus insertion; PF-2, plantar fascia at the navicular 
tubercle; PF-3, plantar fascia at the 2nd metatarsal head. 

 
Figure 2. Ultrasound imaging measurements of the intrinsic plantar muscles CSA. Abbreviations: AbH, abductor hallucis; CSA, cross-sectional area; FDB, flexor digitorum brevis; 
FHB, flexor hallucis brevis. 
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standard deviation (SD) and rage (minimum− 
maximum), and analyzed to compare descriptive data 
(BMI) and RUSI measurements (PF-1 thickness, FDB 
CSA and thickness, FHB CSA, AbH thickness and 
CSA) by the one-way ANOVA completed with the 
Bonferroni´s post-hoc analysis. All non-parametric 
data (P < .01) were described by median ± 
interquartile range (IR) and rage (minimum− 
maximum), and analyzed to compare descriptive data 
(age, weight and height) and RUSI measurements 
(PF-2, PF-3 and FHB thicknesses) by the 
Kruskal-Wallis test completed with the paired 
Wilcoxon test post-hoc analysis. 

Regarding the categorical data, frequencies and 
percentages were used to describe these data and the 
Chi-square (χ2) test was utilized to compare the sex, 
foot side, MMAS and FIM+FAM data.  

In addition, a multivariate predictive analysis 
was performed by means of linear regression. Linear 
regression analysis was carried out applying the 
stepwise selection method and the R2 coefficient to 
determine the quality adjustment. Demographic and 
descriptive data, including age, sex, weight, height, 
BMI, foot side, MMAS degrees and FIM+FAM grades 
were considered as dependent variables. All RUSI 
measures (PF-1, PF-2, PF-3 thickness; AbH, FDB and 
FHB thickness and CSA) were considered as 
independent variables.  

Results 
Demographic and descriptive data 

The demographic and descriptive data of the 
sample were shown in Table 1. There were not 
statistically significant differences (P >.01) for sex, age, 
weight, height, BMI or foot side between groups. 
Considering the spasticity, there were statistically 
significant differences (P < .001; χ2 = 60.00) for the 
MMAS between groups. The hemiplegic feet MMAS 
degrees presented 3 (15%) grades-1, 13 (65%) 
grades-2, 3 (15%) grades-3 and 1 (5%) grade-4, while 
the rest of feet (n = 20 contralateral feet and n = 20 
healthy matched control feet) presented all (100%) 
grades-0. Regarding the ambulation capacity, there 
were statistically significant differences (P < .001; χ2 = 
45.00) for the FIM+FAM between groups. The 
hemiplegic and contralateral feet FIM+FAM degrees 
presented 0 (0%) grade-1, 4 (20%) grades-2, 6 (30%) 
grades-3, 2 (10%) grades-4, 3 (15%) grades-5, 3 (15%) 
grades-6 and 2 (10%) grades-7, while the healthy 
matched control feet presented all (100%) grades-7. 

RUSI of the intrinsic plantar muscles and fascia 
The RUSI measurements regarding the CSA and 

thickness of the intrinsic plantar muscles and fascia 
between all groups were summarized in Table 2. 
Considering the intrinsic plantar muscles, statistically 

 
Figure 3. Ultrasound imaging measurements of the intrinsic plantar muscles thickness. Abbreviations: AbH, abductor hallucis; FDB, flexor digitorum brevis; FHB, flexor hallucis 
brevis. 
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significant differences (P < 0.001) were only shown for 
the FHB thickness. The post-hoc Bonferroni´s analysis 
showed statistically significant differences for a FHB 
thickness increase of the hemiparesis feet (means 
difference of 0.31 cm; P < 0.001) and contralateral feet 
(means difference of 0.37 cm; P < 0.001) with respect 
to the healthy matched control feet. Regarding the 
fascia, statistically significant differences (P < 0.01) 
were only shown for the PF-2 and PF-3 thickness. The 
post-hoc paired Wilcoxon analysis showed 
statistically significant differences for a PF-2 thickness 
reduction of the hemiparesis feet (means difference of 
-0.03 cm; P = 0.006) and contralateral feet (means 
difference of -0.04 cm; P = 0.005) with respect to the 
healthy matched control feet. In addition, a PF-3 
thickness reduction of the contralateral feet (means 
difference of -0.03 cm; P = 0.001) with respect to the 
healthy matched control feet. The rest of 
measurements did not show any statistically 
significant difference (P > 0.01). 

Multivariate predictive analysis of plantar 
muscles and fascia RUSI measurements 

Considering the multivariate regression analysis 
of the Table 3, the models of linear regression showed 

statistically significant differences (P < 0.01) for the 
PF-1 thickness, AbH, FDB and FHB CSA and 
thickness with a prediction model R2 ranged from 
0.113 to 0.260. Nevertheless, there were not 
statistically significant differences (P > .01) for the 
prediction models of the PF-2 and PF-3 thickness. 

Discussion 
To the author´s knowledge, this may be 

considered as the first study in order to determine 
bilaterally the resting RUSI morphology of the 
intrinsic plantar muscles and fascia of poststroke 
survivors with respect to paired healthy matched 
controls. Despite prior RUSI studies have focused on 
plantar flexor muscles, such as the gastrocnemius 
muscles, ipsilateral to the impaired and spastic lower 
limb in poststroke survivors [5–7], there was a lack of 
studies about treatment and evaluation of the intrinsic 
plantar muscles and fascia. Thus, this research could 
be a starting point in order to consider the main role 
of the FHB and plantar fascia in spastic feet of 
poststroke survivors.  

 

Table 1. Demographic, descriptive, ambulation capacity and spasticity characteristics the hemiparesis, contralateral and healthy matched 
control feet ‡ 

Characteristic Hemiparesis feet (n = 20)  Contralateral feet (n = 20)  Control feet (n = 20) P-Value (Statistic) 
Sex, female/male 10 (50%) / 10 (50%) 10 (50%) / 10 (50%) 12 (60%) / 8 (40%) .765‡  

    (χ2 = .536) 
Foot side, right/left 13 (65%) / 7 (35%) 13 (65%) / 7 (35%) 14 (70%) / 6 (30%) .928‡  

    (χ2 = .150) 
Age, y  61.50 ± 11.50 61.50 ± 11.50  50.10 ± 18.10  .012†  

(25.00–73.00) (25.00–73.00) (27.00–62.01) (H = 8.912)  
Weight, kg 72.50 ± 31.25  72.50 ± 31.25  59.50 ± 17.00  .026†  

(48.00–100.00) (48.00–100.00) (51.00–78.00) (H = 7.295) 
Height, m 1.69 ± 0.15  1.69 ± 0.15  1.65 ± 0.06  .030†  

(1.50–1.90) (1.50–1.90) (1.60–1.70) (H = 6.980)  
BMI, kg/m2 21.60 ± 4.17  21.60 ± 4.17  22.63 ± 3.30  .633*  

(15.58–28.41) (15.58–28.41) (18.44–28.52) (F = 0.661) 

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; CI, confidence interval; IR, interquartile range; SD, standard deviation. In all analyses, a P-value < .01 
with a 99% CI was considered as statistically significant. * Mean ± SD and one-way ANOVA (F) were used. † Median ± IR and Kruskal Wallis (H) were used. ‡ Frequencies (%) 
and Chi-square (χ2) test were used. 

 

Table 2. Ultrasound parameter measurements 

Parameter Hemiparesis feet (n = 20) Contralateral feet (n = 20) Control feet (n = 20) P -value 
CSA (cm2)     
FDB 2.24 ± 0.51 (1.31–3.37) 2.49 ± 0.57 (1.34–3.43) 1.98 ± 0.64 (1.08–3.04) .028 (F = 3.808)*  
 FHB 2.29 ± 0.46 (1.11–3.34) 2.13 ± 0.51 (1.18–3.00) 1.92 ± 0.35 (1.30–2.68) .043 (F = 3.335)* 
AbH 2.50 ± 0.48 (1.39–3.53) 2.61 ± 0.63 (1.84–4.42) 2.56 ± 0.63 (1.58–3.58) .083 (F = 2.595)* 
Thickness (cm)     
FDB  1.05 ± 0.18 (0.77–1.34) 1.13 ± 0.22 (0.70–1.44) 1.04 ± 0.15 (0.82–1.38) .277 (F = 1.312)* 
FHB 1.13 ± 0.16 (0.88–1.48) 1.18 ± 0.35 (0.88–2.60) 0.81 ± 0.16 (0.57–1.05) <.001 (F = 13.300)* 
AbH 1.16 ± 0.25 (0.74–1.46) 1.11 ± 0.30 (0.90–1.53) 1.04 ± 0.36 (0.60–1.45) .180 (H = 3.426)† 
PF-1  0.32 ± 0.08 (0.17−046) 0.33 ± 0.08 (0.21−0.55) 0.35 ± 0.04 (0.28−0.47) .547 (F = 0.610)* 
PF-2 0.14 ± 0.05 (0.08−0.83) 0.13 ± 0.06 (0.09−0.26) 0.17 ± 0.07 (0.12−0.23) .006 (H = 10.354)† 
PF-3  0.08 ± 0.06 (0.05–0.98) 0.08 ± 0.03 (0.05–0.97) 0.11 ± 0.05 (0.08–0.17) .004 (H = 11.254)† 

Abbreviations: AbH, abductor hallucis; : ANOVA, analysis of variance; CI, confidence interval; CSA, cross-sectional area; FDB, flexor digitorum brevis; FHB, flexor hallucis 
brevis; IR, interquartile range; PF-1, plantar fascia at the calcaneus insertion; PF-2, plantar fascia at the navicular tubercle; PF-3, plantar fascia at the 2nd metatarsal head; SD, 
standard deviation. In all analyses, a P-value < .01 with a 99% CI was considered as statistically significant. * Mean ± SD and one-way ANOVA (F) were used. † Median ± IR 
and Kruskal Wallis (H) were used.



Int. J. Med. Sci. 2018, Vol. 15 
 

 
http://www.medsci.org 

913 

Table 3. Multivariate predictive analysis of plantar muscles and 
fascia RUSI changes 

Parameter Model R2 change† Model R2 
CSA (cm2)    
AbH 1.451   

+0.051 * BMI 0.113 0.113 
FDB 1.202   

+0.019 * age  0.124 0.124 
FHB 1.284   

+0.012 * weight 0.165 0.165 
Thickness (cm)    
AbH 0.813   

+0.005 * weight 0.115 0.115 
FDB 0.673   

-0.018 * BMI 0.140 0.140 
FHB 1.364   

-0.159 * group 0.199 0.199 
PF-1 0.097   

+0.010 * BMI 0.161  
+0.049 * sex 0.099 0.260 

Abbreviations: AbH, abductor hallucis; BMI, Body mass index; CO, confidence 
interval; CSA, cross-sectional area; FDB, flexor digitorum brevis; FHB, flexor 
hallucis brevis; HV, hallux valgus; PF-1, plantar fascia at the calcaneus insertion. 
*Multiplay: age (years); BMI (kg/m2); sex (male = 0; female = 1); group 
(hemiparesis = 1; contralateral = 2; control = 3); weight (kg). 
†P-value < 0.01 with a 99% CI was shown. 

 
Regarding the RUSI measurements of prior 

studies which evaluated the plantar muscles and 
fascia in healthy subjects [8–10], these values are 
coinciding with our normalized reference values. 
Despite the FHB thickness was shown to be reduced 
in subjects with pes planus (1.30 ± 0.18 cm2) versus 
subjects without pes planus (1.43 ± 0.20 cm2) [9], as 
well as in subjects with hallux valgus (0.93 ± 0.14 cm2) 
versus subjects without hallux valgus (1.09 ± 0.18 cm2) 
[10], an increased thickness of the FHB thickness from 
the spastic and contralateral feet of poststroke 
survivors with hemiparesis was found with respect to 
healthy matched controls. Despite the middle and 
anterior plantar fascia thickness was shown to be 
thinner in subjects with pes planus (0.16 ± 0.03 and 
0.10 ± 0.02 cm) versus subjects without and pes planus 
(0.19 ± 0.03 and 0.13 ± 0.02 cm) [9], respectively, as 
well as thicker in subjects with hallux valgus 
(0.21±0.06 and 0.16 ± 0.05 cm) versus subjects without 
hallux valgus (0.17 ± 0.03 and 0.11 ± 0.03 cm) [10], 
respectively, a thinner thickness of the middle and 
anterior fascia portions from the spastic and 
contralateral feet of poststroke survivors with 
hemiparesis was found with respect to healthy 
matched controls. 

Regarding multivariate predictive analysis of 
RUSI measurements in the intrinsic plantar muscles 
and fascia, the model R2 ranged from 0.113 to 0.260 in 
the present study which was lower than the model R2 
(ranged from 0.224 to 0.595) in a prior study of hallux 
valgus [10]. This may be due to statistically significant 
differences were considered at P-value < 0.01 in the 
present study (for the PF-1 thickness, AbH, FDB and 
FHB CSA and thickness), while a P-value < 0.05 was 

considered in the hallux valgus prior study. Both 
studies showed BMI, age, weight, sex and group as 
main predictors of RUSI measurements of the intrinsic 
plantar muscles and fascia [10]. 

Future studies and clinical implications 
Future interventional studies, such as functional 

electrical stimulation of the toe muscles [28] or 
surgical correction of the intrinsic toe flexion 
deformity associated to the spastic equinovarus 
deformity [29], should be carried out assessing the 
gait cycle of poststroke survivors and the thickness of 
the FHB and fascia by means of ultrasound imaging. 
In addition, the ultrasound measurements of 
contractile changes for the intrinsic plantar muscles 
should be considered for future studies due to an 
excellent test-retest reliability has recently been 
reported for measuring motor function [30]. 

Limitations 
Various limitations may be considered in the 

present study. First of all, the consecutive sampling 
method should be recognized as a possible limitation 
of this study. Despite the incidence of residual toe 
curling secondary to spasticity of the intrinsic plantar 
muscles was similar in the patients who suffered from 
a traumatic brain injury and a cerebrovascular 
accident [29], the type of stroke of the hemiparesis 
patients was not collected. In addition, more diverse 
subjects and larger sample sizes could be useful to 
strengthen the research study and identify variations 
across countries [31]. Finally, this study only reported 
the morphological changes of the intrinsic plantar 
muscles and fascia. Nevertheless, the motor function 
assessed by ultrasound measurements for the intrinsic 
plantar muscles should be included for future studies 
in post-stroke survivors [30]. 

Conclusion 
The thickness of the flexor hallucis brevis muscle 

as well as the middle and anterior plantar fascia 
portions of the hemiparesis and contralateral feet 
from poststroke survivors presented morphology 
changes with respect to the healthy matched control 
feet.  
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