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Objective: This study aimed to compare muscle structure, balance, and gait parameters between healthy adults and persons with 
stroke and to analyze the correlation among these variables.
Design: Cross-sectional study.
Methods: Twenty persons with stroke (11 male, 9 female) and twenty healthy participants (9 male, 11 female) were included. 
Ultrasound images of the triceps surae and the tibialis anterior were acquired in sitting resting, sitting co-contraction, and standing 
resting positions and also during the functional reach test (FRT) and single leg anterior reaching test (SLART). Muscle thickness 
and fascicle length were measured. Spatiotemporal parameters of gait were measured using a pressure walkway. Gait speed, ca-
dence, step length, stride length, stance time, and swing time were measured.
Results: Changes in percent fascicle length were significantly greater in the gastrocnemius and soleus (SOL) muscles of healthy 
adults in the sitting co-contraction position (p<0.05). The percent fascicle length of the SOL in FRT and SLART were significantly 
greater in healthy adults (p<0.05). The mid-stance phase of stroke patients was shorter than healthy adults (p<0.05). A negative 
correlation was observed between percent fascicle length of the SOL in the sitting co-contraction position and the proportion of the 
mid-stance phase (p<0.05).
Conclusions: The function of the triceps surae is affected in persons with stroke when compared with healthy adults. This can 
lead to difficulty in performing tasks that involve forward transfer of weight. If the triceps surae is not sufficiently secured, the pos-
sibility of compensation in the stance phase increases during gait.
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Introduction

Stroke mainly involves damage to the central nervous 

system, but changes in the musculoskeletal system after 

stroke are also important [1]. Typical changes include phys-

ical shortening and decreases in the elasticity of the injured 

muscle due to stroke, alterations in the metabolic process of 

the muscle due to muscle atrophy and increase in muscle fat, 

and physical limitations due to decreased muscle strength 

and contractile response [2]. A number of previous studies 

have revealed that structural changes (changes in muscle 

thickness, fascicle length, pennation angle) occur after 

stroke [1,3-5]. 

The lower limb muscles play an important role in com-

munity participation, as they affect balance and mobility [6]. 

Therefore, recovery of the lower limb muscles can be con-

sidered a milestone in returning to daily life in stroke 

survivors. Stroke leads to marked damage to the extensor leg 

muscle and reduction in the plantar flexor muscle strength 

[7]. Previous studies have shown that structural changes in 
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the quadriceps muscle, which serves as an extensor muscle 

of the knee, has affected the walking speed and postural sta-

bility of patients with stroke and there is considerable struc-

tural and functional deterioration of the plantar flexor mus-

cle compared to healthy adults [3,8]. In particular, chronic 

stroke survivors with a gait speed slower than 0.8 m/s 

showed thinner quadriceps muscle thickness and the worst 

static balance compared to healthy adults [8]. In addition, 

the volume, moment, and activation of the plantar flexor 

muscle of stroke survivors were all lower than that of 

healthy adults, and fascicle lengths and extensibility were 

decreased due to stiffness [3,9]. A previous study showed 

that stretching the lower limb muscles, including the plantar 

flexor muscle, improved ambulation speed and the struc-

tural changes in the muscle [9]. However, there are only a 

few studies that examine how this altered muscle structure 

affects physical function.

The plantar flexor muscle is also termed the triceps surae, 

as it is composed of the medial and lateral Gastrocnemius 

(GCM) muscles and the Soleus (SOL) muscle [10]. This 

muscle is elongated to a sufficient length through eccentric 

contraction during the stance phase, preparing to generate 

maximum force in the direction of plantar flexion and creat-

ing propulsion in the forward direction using concentric 

contraction in the swing phase [11-13]. 

The stance phase of the gait cycle is divided into three 

rocker sections according to the movement of the ankle. The 

first rocker is from heel-contact to foot-flat (gait cycle 

0%-6%). The second rocker is the time when the tibia moves 

forward with the whole foot in contact with the ground (gait 

cycle 6%-42%). The third rocker is from heel-off to toe-off 

(42%-62% gait cycle) [14]. A previous study in healthy 

adults showed that plantar flexion force increased with an 

increase in the length of triceps surae in the second rocker 

phase [11]. Another study showed an increase in the activity 

of calf muscles while tilting the body forward in a standing 

position [15]. In this way, the ankle plays an important role 

in maintaining the body stable against the ground in the 

standing and stance phase, and the muscles around the ankle 

respond appropriately according to the direction in which 

the body is inclined to maintain balance [16].

However, in patients with stroke, the displacement of the 

center of pressure in the sagittal plane increases due to struc-

tural and functional problems of the ankle muscle, resulting 

in poor postural stability [8]. Thus, the role of the triceps sur-

ae is important in maintaining balance in a static posture or 

in moving the body forward while walking.

Most of the studies involving the stroke population have 

focused on strengthening the overall lower extremity muscle 

strength and changing the gait pattern using various environ-

ments such as robots and virtual reality [6,8,17-19]. 

Recently, with emerging knowledge about the importance of 

the triceps surae, various studies have reported improve-

ment of function in patients with stroke through eccentric 

contraction or stretching of the triceps surae [3,9,13,20]. 

However, studies comparing the triceps surae and the tibialis 

anterior (TA) at the muscle level using ultrasound images in 

patients with stroke and studies examining the relationship 

among functional movements are insufficient. In addition, 

in the process of analyzing the spatiotemporal gait parame-

ters, studies that have divided the stance phase into three sec-

tions were insufficient. Therefore, the purpose of this study 

was to compare the muscle structure, balance, and gait pa-

rameters between healthy adults and patients affected by 

stroke and to analyze the correlation among muscle struc-

ture, balance and the stance phase during the gait cycle.

Methods
Participants

Twenty participants with stroke (11 male, 9 female) and 

twenty healthy participants (9 male, 11 female) were in-

cluded in the study.  The sample size of the study were calcu-

lated using the G*Power version 3.1.9.4 (Universität Kiel, 

Kiel, Germany) with an effect size of 0.967 and a power of 

0.8 [21]. The inclusion criteria for the participants with 

stroke were: (1) more than 6 months since the stroke epi-

sode, (2) ability to walk at least 10 m, and (3) participants 

who could understand and carry out the researcher’s 

instructions. The exclusion criteria for the participants with 

stroke were: (1) surgery and orthosis of the lower extremi-

ties; (2) severe musculoskeletal, vestibular, and neuro-

logical damage; (3) pain; (4) spasticity of the lower ex-

tremity on the affected side (Modified Ashworth Scale score 

≥3); and (5) Botox injection into the lower limb muscles 

within the past 6 months. The inclusion criteria for healthy 

participants were adults without neuromuscular or orthope-

dic damage and pain. The study was approved by the 

Institutional Review Board at the National Health 

Insurances Service Ilsan Hospital (IRB No. NHIMC 2020- 

04-014-001). All participants provided written informed 

consent as follows with the ethical principles of the 

Declaration of Helsinki. 
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Figure 1. Ultrasound image of muscle thickness (MT) and penna-
tion angle (PA) of (A) triceps surae and (B) tibialis anterior.

Procedures

This study was designed as a single-blind (subject mask-

ing) cross-sectional study to compare healthy adults with pa-

tients with stroke. Before beginning the study, the general 

characteristics of all subjects were examined. An examina-

tion of the muscle structure of the triceps surae and TA in a 

sitting position was performed using a dual-rehabilitative ul-

trasound imaging device (dual-MicrUs EXT; TELEMED, 

Vilnius, Lithuania). Muscle structure including muscle 

thickness and pennation angle was measured at rest and at 

dorsiflexion with maximum contraction against manual re-

sistance [22]. Muscle structure was measured while resting 

in the standing position and the change in muscle structure 

was measured during the functional reach test (FRT) and the 

single leg anterior reaching test (SLART). The gait ability 

was measured using (GAITRite; CIR Systems, Inc., Franklin, 

NJ, USA) equipment to investigate the spatiotemporal gait 

variables during the stance phase and the swing phase. The 

assessments were performed in randomized order to mini-

mized bias of the procedure order.

Measurements

Muscle structure (Dual-rehabilitative ultrasound imag-
ing, D-RUSI)

The D-RUSI device was used to simultaneously measure 

the muscle structures of the triceps surae and TA (Figure 1). 

For muscle structure, the muscle thickness and pennation 

angle was assessed. The fascicle length was calculated using 

these two values. Muscle thickness was the distance be-

tween the superficial and the deep aponeuroses. Pennation 

angle was the angle between the muscle fascicle and the 

aponeuroses. Fascicle length was calculated according to 

the following equation: 

Fascicle length=muscle thickness×(Sin Ɵ)−1 [23]

Ɵ was the pennation angle of each muscle on the ultra-

sound image. Ultrasound imaging was performed using two 

12 MHz probes (dual-linear probes) in B-mode. The first ul-

trasonic transducer was placed at the middle of the inner calf 

muscle so that medial GCM and SOL could be measured si-

multaneously [24]. The second ultrasonic transducer was 

placed at a point situated at 20% of the distance from the 

head of the fibula to the lateral malleolus to measure the TA 

[25]. The intraclass correlation coefficient (ICC) value 

(95% confidence interval [CI]) of the D-RUSI device was 

0.720-0.945, indicating good to very good reliability and the 

minimum detectable change values were 0.021 mm and 

0.127 mm based on the TA and the rectus muscles [5]. After 

measurement, the muscle structure was analyzed through 

the Echo Wave II software (TELEMED). 

To normalize individual differences in muscle thickness 

and fascicle length, it was expressed as percent thickness 

based on the resting state using the following formula.

Percent thickness 
(fascicle length)= 

−  ×100 [26]

CGCM,SOL,TA refers to the muscle thickness (fascicle 

length) measured during co-contraction in the sitting posi-

tion and during FRT and SLART in the standing position. 

RGCM,SOL,TA was defined as muscle thickness (fascicle 

length) measured during resting in the sitting and standing 

positions.

Balance 

Functional reach test
The FRT is a tool used to assess balance in clinical 

practice. It evaluates the ability to move the center of pres-

sure forward by extending the arm in the forward direction 

from the standing position [27]. The evaluation method be-

gan with a position wherein the participant’s feet were 

shoulder-width apart, the trunk was held vertically on the 

ground, and the fists were stretched forward comfortably 

(90 degrees’ flexion of the shoulder joint, elbow joint fully 

extended). Then the location of the third metacarpal pha-

langeal (MCP) joint was marked.

The level was maintained with a ruler installed at shoulder 

height and the body was tilted as far as possible to stretch the 

fist so that the ruler did not fall. The FRT distance was de-
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Table 1. Demographic characteristics (N=40)

Characteristics Stroke (n=20) Healthy (n=20) p-value

Age (yr) 57.20 (6.66) 47.90 (9.28) 0.001
Sex (male/female) 11/9 9/11 0.752
Weight (kg) 66.90 (10.10) 64.60 (11.16) 0.499
Height (cm) 164.05 (8.02) 166.60 (8.07) 0.322
Body mass index (kg/m2) 24.75 (2.15) 23.28 (3.84) 0.144

Values are presented as mean (SD) or number only.

fined as the location between the initial MCP joint and the fi-

nal MCP joint [28]. Measurement was performed after a sin-

gle practice attempt and after three attempts and the average 

value was recorded. A distance of less than 17.78 cm in-

dicated problems in performing daily life activities due to 

limited mobility and decreased locomotion [29]. The test-re-

test and inter-rater reliability of the FRT is high (r=0.92 and 

r=0.98, respectively) [27]. The individual ankle joint strat-

egy or the hip joint strategy was used to maintain balance 

while performing the FRT. In the present study, since the fo-

cus was on the movement of the ankle joint, the dorsiflexion 

angle of the ankle joint while performing the examination 

was required to be over 5° to minimize the hip joint strategy 

[30]. 

Single leg anterior reaching test

The SLART is a tool used for evaluating the posture con-

trol ability of the lower extremities. It includes only the for-

ward stretch from the Star excursion balance test, which is a 

dynamic balance evaluation test. In the SLART for this 

study, one foot was stretched forward as far as possible from 

a standing position and then returned to the original position. 

At the same time, the supported side of the foot of the subject 

remained in contact with the ground [31]. The evaluation 

was conducted three times and the average value was used. 

The ICC value (95% CI) of this evaluation method was 

0.88-0.96, indicating good to very good reliability and the 

minimum detection change value was 5.5 cm [32].

Gait analysis 

GAITRite equipment was used to analyze the spatio-

temporal variables during the stance phase and the swing 

phase of the subjects’ gait. This equipment is 5 m long, 0.6 

m wide, 0.6 cm high, and consists of a flat floor with 16,128 

pressure sensors. The measurement method was based on a 

walking board of 5 m, which takes into account the accel-

eration and the deceleration section of the gait with a margin 

of 2 m each. Altogether, 9 m of gait was measured three 

times and the average value was calculated [33]. The spatio-

temporal variables of the stance phase and the swing phase 

included gait speed, cadence, step length, stride length, 

stance time, and swing time. The stance phase included the 

contact phase, mid-stance phase, and propulsion phase. The 

criteria for dividing into three phases was set in the 

heel-to-toe progression method according to previous stud-

ies [34]. The ICC value of this equipment was 0.92-0.99, in-

dicating very good reliability [35].

Statistical analysis

PASW Statistics for Windows, Version 18.0 (SPSS Inc., 

Chicago, IL, USA) was used for all statistical analyses. The 

Shapiro-Wilk test was performed to confirm the normality 

of participant characteristics. All data were expressed as the 

mean (standard deviation). An independent t-test was per-

formed to compare the outcome between the healthy adults 

and the participants with stroke. Analysis of variance was 

used to compare the affected side, the non-affected side, and 

the healthy leg during gait. Pearson’s correlation analysis 

was performed to analyze the correlation between the 

variables. Correlation analysis was interpreted according to 

the rule of thumb for interpreting the size of a correlation co-

efficient [36]. The threshold for statistical significance was 

set at p<0.05.

Results
Baseline participant characteristics

The baseline characteristics of the 40 participants are 

summarized in (Table 1).

Muscle structure

GCM thickness (p=0.043) and SOL fascicle length 

(p=0.002) of healthy adults in the sitting resting position 

were significantly greater than those in the patients with 
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Table 2. Differences in muscle structure between the groups (N=40)

Variable Stroke (n=20) Healthy (n=20) p-value

Muscle thickness
Sitting resting

GCM (mm) 11.85 (2.09) 13.41 (2.61) 0.043
SOL (mm) 13.42 (2.13) 13.47 (2.12) 0.937
TA (mm) 17.11 (3.50) 17.99 (3.49) 0.427

Standing resting
GCM (mm) 14.36 (2.73) 16.62 (2.73) 0.012
SOL (mm) 14.89 (2.76) 15.48 (2.59) 0.491
TA (mm) 18.55 (3.60) 19.92 (5.27) 0.343

Percent thickness
Sitting co-contraction

GCM (%) 0.28 (4.55) 0.90 (5.03) 0.693
SOL (%) 4.31 (11.04) 10.56 (7.50) 0.043
TA (%) 3.77 (5.46) 12.82 (6.08) <0.001

FRT 
GCM (%) −1.14 (7.20) 4.01 (5.56) 0.019
SOL (%) −0.48 (9.58) 6.35 (8.88)
TA (%) 0.56 (4.47) 5.56 (7.18) 0.014

SLART
GCM (%) 8.93 (10.54) 13.96 (8.74) 0.108
SOL (%) 3.12 (11.30) 12.08 (14.47) 0.035
TA (%) 5.76 (9.04) 14.65 (9.61) 0.005

Fascicle length
Sitting resting

GCM (mm) 44.86 (8.53) 49.08 (9.37) 0.145
SOL (mm) 39.58 (6.74) 47.72 (8.46) 0.002

Standing resting
GCM (mm) 65.09 (16.15) 68.42 (11.20) 0.453
SOL (mm) 48.80 (11.60) 54.54 (14.65) 0.157

Percent fascicle length
Sitting co-contraction

GCM (%) 16.06 (14.98) 34.72 (16.68) 0.001
SOL (%) 26.31 (18.35) 53.84 (34.43) 0.005

FRT
GCM (%) 10.09 (19.46) 18.90 (17.00) 0.160
SOL (%) 8.54 (15.22) 22.42 (23.25) 0.033

SLART
GCM (%) 22.07 (30.67) 31.68 (19.23) 0.246
SOL (%) 25.44 (20.26) 56.23 (39.56) 0.004

Values are presented as mean (SD).
GCM: gastrocnemius, SOL: soleus, TA: tibialis anterior, FRT: functional reach test, SLART: single leg anterior reaching test.

stroke. Healthy adults had significantly larger GCM thick-

ness in the standing resting position (p=0.012). Changes in 

percent thickness was significantly greater in the SOL 

(p=0.043) and the TA (p<0.001) of healthy adults in the sit-

ting co-contraction position. In the FRT, percent muscle 

thickness of the GCM (p=0.019), SOL (p=0.029), and the 

TA (p=0.014) were significantly greater in healthy adults. In 

the SLART, percent muscle thickness of the SOL (p=0.035) 

and the TA (p=0.005) were significantly greater in healthy 

adults. Changes in percent fascicle lengths were sig-

nificantly greater in the GCM (p=0.001) and the SOL 

(p=0.005) of healthy adults in the sitting co-contraction 

position. The percent fascicle length of the SOL in the FRT 

(p=0.033) and the SOL in the SLART (p=0.004) were sig-
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Table 3. Differences in balance and gait parameters between the groups

Variable Stroke (n=20) Healthy (n=20) p-value

Balance
FRT (cm) 23.74 (7.92) 31.53 (6.60) 0.002
SLART (cm) 58.15 (11.83) 82.67 (12.87) <0.001

Gait parameters
Gait speed (cm/s) 57.27 (25.06) 129.64 (16.01) <0.001
Cadence (steps/min) 84.56 (16.41) 118.63 (8.03) <0.001

Values are presented as mean (SD).
FRT: functional reach test, SLART: single leg anterior reaching test.

Table 4. Spatiotemporal parameters amongpatients with stroke and healthy adults 

Variable Stroke affected side Stroke non-affected side Healthy control p-value Post-hoc test

Step time (s) 0.83 (0.18) 0.64 (0.15) 0.51 (0.03) <0.001 1>2>3
Step length (cm) 42.03 (13.16) 36.89 (14.12) 65.63 (6.27) <0.001 1=2<3
Stride length (cm) 79.11 (26.40) 79.16 (26.28) 131.15 (11.84) <0.001 1=2<3
Swing time (s) 0.49 (0.10) 0.34 (0.08) 0.38 (0.03) <0.001 1>2=3
Stance time (s) 0.95 (0.24) 1.12 (0.29) 0.63 (0.04) <0.001 1=2>3

Values are presented as mean (SD).
1: stroke affected side, 2: stroke non-affected side, 3: healthy control.

Figure 2. Stance phase percentages. 
**Significant difference among affected side in stroke patients, 
non-affected side in stroke patients, and healthy controls.

nificantly greater in healthy adults (Table 2).

Balance

The FRT (p=0.002) and SLART (p<0.001) distances were 

significantly greater in healthy adults compared to the pa-

tients with stroke (Table 3).

Gait parameters

The gait speed (p<0.001) and cadence (p<0.001) of 

healthy adults were significantly higher than the patients 

with stroke (Table 3). The patients with stroke were sig-

nificantly slower than healthy adults in terms of step time 

(p<0.001), swing time (p<0.001), and stance time 

(p<0.001). In addition, the step length (p<0.001) and stride 

length (p<0.001) of the patients with stroke were sig-

nificantly longer than those of healthy adults (Table 4). The 

contact phase of the patients with stroke was shorter than 

that of healthy adults (p<0.001) and the propulsion phase 

was shorter than that of healthy adults (p<0.001). The 

mid-stance phase was longer than that of healthy adults 

(p<0.001) (Figure 2).

Correlation analysis

A significant positive correlation was observed between 

the percent fascicle length of the GCM in the sitting co-con-

traction position and the proportion of the contact phase 

(r=0.326; p=0.004). A negative correlation was observed 

between percent fascicle length of the SOL in the sitting 

co-contraction phase and the proportion of the mid-stance 

phase (r=−0.353; p=0.030). A significant positive correla-

tion was observed between the percent fascicle length of the 

SOL and the FRT (r=0.490; p=0.002) and the SLART dis-
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Figure 3. Correlation between per-
cent fascicle length and other variables.
(A) Significant correlation between 
percent fascicle length of GCM in sit-
ting co-contraction and the proportion 
of the contact phase. (B) Significant 
correlation between percent fascicle 
length of SOL in sitting co-contraction
and FRT. (C) Significant correlation 
between percent fascicle length of 
SOL in sitting co-contraction and 
SLART. (D) Significant correlation 
between percent fascicle length of 
SOL in sitting co-contraction and the 
proportion of the mid-stance phase. 
(E) Significant correlation between 
percent fascicle length of GCM in FRT
and the proportion of the contact 
phase. GCM: gastrocnemius, SOL: 
soleus, FRT: functional reach test, 
SLART: single leg anterior reaching 
test.

tance (r=0.541; p<0.001). During FRT, percent fascicle 

length of GCM and the proportion of the contact phase 

showed significant positive correlation (r=0.382; p=0.014) 

(Figure 3).

Discussion

The purpose of the present study was to compare the mus-

cle structure, balance, and gait parameters of the triceps sur-

ae between stroke survivors and healthy adults and to ana-

lyze the correlation among these parameters. 

In the present study, the participants with stroke showed 

lower thickness of the SOL and the TA muscles and shorter 

fascicle length of the triceps surae during co-contraction 

when compared with healthy adults. In addition, during the 

FRT and SLART, the thicknesses of the triceps surae and TA 

were lower and the fascicle length of the SOL was shorter in 

the participants with stroke. The lower thickness and shorter 

fascicle length implies spasticity and decrease in the number 

of sarcomeres in series. Hence, the required amount of mo-

tor recruitment is not possible [37]. These findings are sim-

ilar to the findings from a previous study, which suggested 

that healthy adults can exert greater force, while stroke sur-

vivors are affected by damaged neural drive, leading to spas-

tic muscle architecture and consequent problems with force 

production [27]. Interestingly, the differences in muscle 

thickness and fascicle length between healthy adults and the 

stroke survivors were greater during the sitting co-con-

traction position, the FRT, and the SLART than during the 

resting position. These findings are similar to the results of 
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previous studies suggesting increased muscle thickness and 

fascicle length during eccentric contraction [38].

The FRT distance of the participants with stroke were 

7.79% lower than that of healthy adults and the SLART dis-

tance was 24.52% lower. These results are similar to pre-

vious research findings, which suggested that it is difficult 

for patients with chronic stroke to secure stability in a static 

and dynamic balanced environment when compared with 

young adults and healthy adults of similar age [39].

Compared to healthy adults, the gait speed of the partic-

ipants with stroke was 72.37% lower and the cadence was 

34.07% lower. These findings are similar to a previous find-

ing, which suggested that the stroke population generally 

show a decrease in gait speed and distance compared to 

healthy adults, which is related to weakening of plantar flex-

or strength [40].

According to a previous study, stroke survivors showed 

hip flexor compensation due to weakening of the plantar 

flexor on the affected side, leading to asymmetrical gait pat-

terns [41]. In the present study, the step time and swing time 

on the affected side were longer than the same parameters on 

the non-affected side and in healthy leg. However, there was 

no significant difference between the affected side and the 

non-affected side in step length, stride length, and stance 

time. This result is different from the results of previous 

studies, which suggested that step length on the affected side 

was shortened and the stance phase was longer during walk-

ing in the participants with stroke [42]. It is possible that 

chronic stroke survivors consciously increase the swing 

time on the affected side for symmetry and try to propel it to 

a distance similar to that on the non-affected side. However, 

additional research is needed to find out the exact reason.

There was no significant difference between the affected 

and the non-affected side of the participants with stroke in 

the contact phase, mid-stance phase, and the propulsion 

phase based on heel-to-toe progression. Compared to healthy 

adults, the contact phase and the propulsion phase were 

4.27%-7.32% shorter and the mid-stance phase was 

18.06%-19.98% longer in the participants with stroke. A 

previous study involving patients with multiple sclerosis 

with neurological impairment reported muscle weakness 

and gait disorders similar to those observed in the stroke 

population and also reported that the proportion of the 

mid-stance phase increased with shortening of the contact 

phase and propulsion phase [34]. These findings imply the 

application of a compensation mechanism such as knee hy-

perextension during gait [43]. However, since the present 

study did not measure the knee angle during gait, additional 

research is needed on this topic.

In co-contraction of the triceps surae, a low positive corre-

lation was observed between percent fascicle length of the 

SOL and the FRT (r=0.490) and a moderate positive correla-

tion was observed between the percent fascicle length of the 

SOL and the SLART (r=0.541). These results are similar to 

the results of previous studies, which suggested that the FRT 

distance increases with an increase in the angle of the ankle 

joint. Thus, the muscles become stronger and weight trans-

fer can be performed in a satisfactory manner [44].

During the sitting co-contraction position, a low positive 

correlation was observed between the fascicle length of the 

GCM and the proportion of the contact phase (r=0.326) and 

a low negative correlation was observed (r=−0.353) be-

tween the fascicle length of the SOL and the proportion of 

the mid-stance phase. These findings suggest that the fas-

cicle length of the triceps surae can affect the balance and the 

stance phase during gait.

The present study has some limitations. It is difficult to 

generalize the results of the study due to the small sample 

sizes of the comparison groups. The groups were not well 

matched with respect to age, as the average age of the pa-

tients with stroke was greater than that of the healthy adults. 

Since variables other than the triceps surae can also affect 

the FRT, SLART, and the stance phase, future studies that 

apply various variables based on the results of the present 

study are needed.

In conclusion, the function of the triceps surae is affected 

in the stroke population when compared with healthy adults, 

which can lead to difficulty in performing tasks that involve 

transfer of weight in a forward direction. If the triceps surae, 

especially the fascicle length of the SOL muscle, is not suffi-

ciently secured, the possibility of compensation in the stance 

phase increases during gait.
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