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Background: Robot-assisted gait training (RAGT) is an effective method for walking reha-
bilitation. Additionally, the body weight support (BWS) system reduces muscle fatigue while 
walking. However, no previous studies have investigated the effects of RAGT with BWS on 
isokinetic strength of quadriceps and hamstring muscles.

Objects: The purpose of this study was to investigate the effects of torque, work, and power 
on the quadriceps and hamstring muscles during RAGT, using the BWS of three conditions 
in healthy subjects. The three different BWS conditions were BWS 50%, BWS 20%, and full 
weight bearing (FWB).

Methods: Eleven healthy subjects (7 males and 4 females) participated in this study. The 
Walkbot_S was used to cause fatigue of the quadriceps and hamstring muscles and the Biodex 
Systems 4 Pro was used to measure the isokinetic torque, work, and power of them. After 
RAGT trials of each of the three conditions, the subjects performed isokinetic concentric knee 
flexion and extension, five at an angular velocity of 60°/s and fifteen at an angular velocity of 
180°/s. One-way repeated analysis of variance was used to determine significant differences in 
all the variables. The least significant difference test was used for post-hoc analysis.

Results: On both sides, there were significant differences in peak torque (PT) of knee exten-
sion and flexion between the three BWS conditions at an angular velocity of 60°/s and 180°/s 
conditions. A post-hoc comparison revealed that the PT in the BWS 50% was significantly 
greater than in the BWS 20% and the FWB and the PT in the BWS 20% was significantly 
greater than in the FWB.

Conclusion: The results of this study suggest that the lower BWS during RAGT seems to 
lower the isokinetic torque, work, and power of the quadriceps and hamstring muscles be-
cause of the muscle fatigue increase.

INTRODUCTION

Robot-assisted gait training (RAGT) is a training method that 

has reduced the limitations of conventional physiotherapy and 

gait training with body weight support (BWS) on the tread-

mill. RAGT can be used as a new treatment for people who 

have difficulty with walking independently and it is effective 

for improving functional walking ability and muscle activ-

ity. Based on the theory of repetitive task specific training for 

the re-learning of walking, RAGT is performed by combining 

BWS treadmill training with mechanical exoskeletal devices, 

which provide an automated gait training [1,2]. The RAGT 

system is designed to induce locomotor movements with ap-

propriate leg muscle activation according to a program based 

on a normal physiological gait pattern that is pre-inputted. In 

particular, RAGT has the advantage of delivering consistently 

reproducible, guided movement for the lower extremities [3]. 

This robotic device is used in combination with BWS systems 

to unload the partial body weight of the subject during train-

ing so as to reduce the burden on the lower limbs [4,5]. There-

fore, this training allows the patient to perform a normal gait 

by supporting their weight and reducing the load [6]. Besides, 

RAGT is used for isokinetic strength training, which can affect 

muscle strength, power, and endurance depending on weight 
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support loading.

Isokinetic muscle strength is the work that is performed 

within a given time when the force is exerted on the device 

and it also means its tension in terms of torque or newton-

meter [7]. Peak torque (PT) is the ability to generate force at 

low speed and it is commonly measured at an angular speed of 

60 degrees; work and power are the ability to generate force at 

high speed and are commonly measured at an angular speed 

of 180 degrees [8]. This method often used in measuring con-

centric contraction fatigue in quadriceps or hamstrings, for 

example, involves assessing the decline in maximum torque or 

work values over a predetermined number of exercise repeti-

tions at a constant intermediated angular velocity of 180 de-

grees [9]. The percentage of decline in PT production during 

both concentric contraction of the quadriceps was examined 

by Gray and Chandler (1989) [10]. They defined isokinetic 

fatigue as the percentage decline in PT from the initial value 

to the final value. Depending on the isokinetic measurement 

protocols, the percentage decline in the PT during concentric 

contraction of quadriceps ranged from 12% to 55% at high 

angular velocities [10-13] and from 6% to 35% at low angular 

velocities [11,14-16].

Despite many studies [17-22] having been conducted for 

RAGT, it has not yet been demonstrated with clear standards 

and guidelines. During the robot rehabilitation training, it is 

important to consider various conditions such as BWS, speed, 

and resistance. To train subjects with various physical con-

ditions, it is necessary to analyze and confirm the dynamic 

mechanical characteristics and normal gait patterns of sub-

jects. However, there has been no clear evidence regarding 

how walking speed, stride length, BWS and the range of mo-

tion (ROM) affect the subjects’ gait pattern during the RAGT. 

In particular, inappropriate BWS during RAGT can place an 

excessive load on the hip, knee and ankle joints, which will 

easily lead to pathological gait after long-term training [23-25]. 

Thus, the purpose of this study was to investigate the effects 

of isokinetic torque, work, and power on the quadriceps and 

hamstring muscles during the RAGT, using the BWS of three 

conditions (BWS 50%, BWS 20%, and full weight bearing [FWB]) 

in healthy subjects. The hypothesis of this study was that in 

healthy subjects the isokinetic parameters of the knee extensor 

and flexor would be different among the three BWS conditions 

during RAGT.

MATERIALS AND METHODS

1. Subjects

Eleven healthy subjects (7 males, 4 females; age: 26.7 ± 3.5 

years, height: 171.9 ± 8.3 cm, weight: 66.1 ± 9.2 kg, body 

mass index [BMI]: 13.9 ± 5.2 kg/m2) were recruited from the 

Department of Rehabilitation Medicine at Seoul National Uni-

versity hospital in South Korea (Table 1). The inclusion criteria 

included: 1) aged from 18 to 40 years, 2) weighing less than 

100 kg, 3) with a height of more than 140 cm and less than 

200 cm, and 4) a body mass index of less than 25 kg/m2. The 

exclusion criteria included the following: 1) lower limb injury 

within the last six months, 2) tightness or limited ROM with the 

knee for maximal and minimal ROM of the experimental de-

vice, and 3) past or present neurological, musculoskeletal, and 

cardiopulmonary diseases.

The experimental protocols and purpose of this study were 

explained in detail to all participants; they subsequently pro-

vided written informed consent. This study was approved by 

the Seoul National University Hospital Institutional Review 

Board (H-1703-122-843).

2. Experimental Apparatus

The study involved the use of a Walkbot_S (Walkbot_S, P & 

S Mechanics Co. Ltd., Seoul, Korea) for the RAGT having been 

widely used in the rehabilitation. A Biodex System 4 Pro (Bio-

dex Medical Systems Inc., Shirley, USA) was used to assess the 

isokinetic strength of the knee extension and flexion. The data 

generated during maximal isokinetic contraction were record-

ed to a computer-linked Biodex. An Inbody 770 (Biospace Inc., 

Seoul, Korea) using bioelectrical impedance analysis was used 

to measure the BMI. The classifications are as follows: (Normal 

range: 18.5–24.9, Overweight: 25–29.9, Obesity: 30–39.9, se-

vere obesity: ≥ 40)

Table 1.Table 1. General characteristics of the subjects (N = 11)

Mean ± standard 
deviation

Range

Age (y) 26.7 ± 3.5 22–32
Height (cm) 171.9 ± 8.3 159–187.9
Weight (kg) 66.1 ± 9.2 51.4–80.3
Body fat mass (kg) 22.3 ± 1.6 20.3–25.0
Body mass index (kg/m2) 13.9 ± 5.2 6.9–21.7
Sex (male/female) 7/4
Dominant side (right/left) 11/0
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3. Experimental Procedure

1) Study design

Three BWS conditions included the following: 1) BWS 50%, 2) 

BWS 20%, and 3) FWB. The order of each condition was ran-

domly assigned using a table of random numbers. In this study, 

the RAGT was performed once a day for 30 minutes to avoid 

muscle fatigue after training. The subjects were measured by 

isokinetic evaluation at two angular velocities immediately af-

ter 30 minutes of RAGT for each condition. Three RAGTs and 

three isokinetic evaluations were performed for three days.

2) Robot-assisted gait training 

The subjects were positioned in such a way that their hip 

and knee joint axes were closely aligned to the hip and knee of 

the Walkbot_S. The screen would provide biofeedback infor-

mation such as torque, speed, time, steps, and distance. The 

subjects were actively trained while maintaining a constant 

torque value through the screen display. The treadmill walking 

speed was selected as 1.5 km/h which was used in previous 

studies on robot walking and was gradually increased to 2.3 

km/h as soon as possible in accordance with the most com-

fortable gait for each subject [26]. A harness was used to sup-

port the weight of the subjects on the treadmill. The BWS was 

0%, 20%, and 50% of body weight, and hands were positioned 

on the handrail for balance. Before the RAGT trials, a 5-minute 

warm-up exercise was performed. To equalize the subject’s ef-

fort during RAGT for each condition, an active movement was 

performed while maintaining a constant torque value using the 

biofeedback that appeared on the monitor screen (Figure 1). 

The training was performed for 30 minutes, which is the treat-

ment time that is commonly used in clinics.

3) Isokinetic testing

Before the isokinetic trials, the dynamometer was calibrated, 

and the ROM was set from 0° to 90° for knee flexion and 90° 

to 0° for knee extension. The trunk, pelvis and thigh of each 

subject was fixed by using a velcro strap to minimize any un-

necessary compensation movement during the taking of the 

measurement. The rotational axis of the knee was aligned with 

the rotational axis of the dynamometer based on the position 

of the tibial epicondyle. The pad, which is a control acces-

sory, was placed 5 cm above the lateral malleolus of the ankle. 

The subjects performed the maximal concentric contraction 

for knee flexion and extension in the sitting position (Figure 

2). Both legs were tested and the participants’ dominant side 

was always tested first. For isokinetic testing, the participants 

performed five maximal contractions of the knee flexion and 

extension at a velocity of 60°/s and then fifteen maximal con-

tractions at a velocity of 180°/s [27]. The subjects were allowed 

a 20-second rest between the angular velocity conditions.

4. Statistical Analysis

The Statistical Package for the Social Sciences (Windows ver. 

23.0; IBM Co., Armonk, NY, USA) was used for all statistical 

analyses. A one-sample Kolmogorov-Smirnov test was used 

to confirm the normality of all the subjects. A one-way re-

Figure 1.Figure 1. Robot-assisted gait training. Figure 2.Figure 2. Isokinetic testing.
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Table 2.Table 2. Isokinetic knee extension at an angular velocity 60 degrees

BWS 50% BWS 20% FWB F-value p-value

Right extension
   (dominant)

PT (Nm) 169.12 ± 48.77 160.75 ± 45.95 145.12 ± 42.13 36.97 < 0.01**
TW (J) 602.52 ± 192.55 564.94 ± 146.45 508.55 ± 156.84 13.89 < 0.01**
AP (W) 102.71 ± 35.61 93.98 ± 28.17 88.27 ± 27.26 12.18 < 0.01**

Left extension PT (Nm) 165.24 ± 50.88 155.39 ± 45.38 142.04 ± 44.05 37.92 < 0.01**
TW (J) 588.85 ± 179.03 562.52 ± 154.94 493.00 ± 147.30 8.71 < 0.01**
AP (W) 103.05 ± 33.68 92.58 ± 32.04 86.44 ± 26.94 15.78 < 0.01**

Values are presented as mean ± standard deviation. BWS, body weight support; FWB, full weight bearing; PT, peak torque; Nm, Newton meter; TW, total 
work; AP, average power. **p < 0.01.

Table 3.Table 3. Isokinetic knee extension at an angular velocity 180 degrees

BWS 50% BWS 20% FWB F-value p-value

Right extension
   (dominant)

PT (Nm) 105.94 ± 29.09 94.98 ± 25.08 85.43 ± 24.19 62.03 < 0.01**
TW (J) 1,247.98 ± 350.16 1,093.19 ± 296.17 1,031.28 ± 321.87 7.72 < 0.01**
AP (W) 149.87 ± 43.23 129.15 ± 35.98 123.78 ± 39.34 13.87 < 0.01**

Left extension PT (Nm) 103.92 ± 29.18 96.00 ± 27.73 82.13 ± 21.64 35.46 < 0.01**
TW (J) 1,212.01 ± 309.25 1,115.51 ± 303.94 938.95 ± 243.89 23.88 < 0.01**
AP (W) 146.08 ± 38.70 132.41 ± 37.03 112.79 ± 31.44 36.63 < 0.01**

Values are presented as mean ± standard deviation. BWS, body weight support; FWB, full weight bearing; PT, peak torque; Nm, Newton meter; TW, total 
work; AP, average power. **p < 0.01.
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Figure 3.Figure 3. Peak torque of knee extension in the three conditions. (A) Right extension. (B) Left extension at an angular velocity of 60°/s. (C) Right extension. (D) 
Left extension at an angular velocity of 180°/s. Nm, Newton meter; BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p 
< 0.05, **p < 0.01.
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peated measures analysis of variance was used to compare the 

isokinetic strength of the knee flexor and the extensor under 

three conditions. The Mauchly’s test was used to determine 

whether or not they met the sphericity assumption. When the 

sphericity assumption was not met but the correction was pos-

sible, the Greenhouse-Geisser value was presented. The least 

significant difference test was used for post- hoc analysis. A p-

value of less than 0.05 was considered statistically significant 

for all analyses.

RESULTS

1.  Isokinetic Knee Extension at an Angular Velocity of 

60 and 180 Degrees

On the both side, the PT, total work (TW), and average power 

(AP) of knee extension revealed significant differences between 

the three types of RAGT at an angular velocity of 60°/s and 

180°/s (p < 0.05) (Tables 2, 3). The post-hoc comparison results 

were presented in the Figures 3–5. 

2.  Isokinetic Knee Flexion at an Angular Velocity of 60 

and 180 Degrees

On the both side, the PT, TW, and AP of knee flexion re-

vealed significant differences between the three types of RAGT 

at an angular velocity of 60°/s and 180°/s (p < 0.05) (Tables 4, 

5). The post-hoc comparison results were presented in the Fig-

ures 6–8. 

DISCUSSION

The results of this study show that the lower the BWS was 

during RAGT the lower the isokinetic torque, work, and power 

of quadriceps and hamstring muscles became. After RAGT, the 

isokinetic strength of the quadriceps and hamstring muscles 

was significantly different between the three BWS conditions 

at both angular velocities of 60 and 180°/s. A decrease in the 

recorded isokinetic muscle strength in the knee joint was gen-

erally accompanied by muscle fatigue in healthy subjects, as 

illustrated in the example shown in Figures 3–8. The PT of the 

knee joints in the BWS 50% was significantly greater than in 
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Figure 4.Figure 4. Total work of knee extension in the three conditions. (A) Right extension. (B) Left extension at an angular velocity of 60°/s. (C) Right extension. (D) 
Left extension at an angular velocity of 180°/s. BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p < 0.05, **p < 0.01.
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Table 4.Table 4. Isokinetic knee flexion at an angular velocity 60 degrees

BWS 50% BWS 20% FWB F-value p-value

Right extension
   (dominant)

PT (Nm) 92.58 ± 32.26 83.89 ± 29.20 77.08 ± 27.33 14.57 < 0.01**
TW (J) 364.68 ± 146.63 355.17 ± 127.22 309.28 ± 148.52 5.65 < 0.05*
AP (W) 59.35 ± 26.04 56.22 ± 22.78 50.86 ± 23.21 4.81 < 0.05*

Left extension PT (Nm) 86.45 ± 28.99 75.44 ± 25.82 70.35 ± 26.15 20.21 < 0.01**
TW (J) 337.02 ± 152.80 319.12 ± 139.44 269.79 ± 124.81 10.54 < 0.01**
AP (W) 55.89 ± 26.95 56.73 ± 32.28 43.86 ± 20.96 6.05 < 0.01**

Values are presented as mean ± standard deviation. BWS, body weight support; FWB, full weight bearing; PT, peak torque; Nm, Newton meter; TW, total 
work; AP, average power. *p < 0.05, **p < 0.01.

Table 5.Table 5. Isokinetic knee flexion at an angular velocity 180 degrees

BWS 50% BWS 20% FWB F-value p-value

Right extension
   (dominant)

PT (Nm) 67.74 ± 21.65 59.48 ± 18.92 54.08 ± 17.00 27.80 < 0.01**
TW (J) 776.35 ± 401.37 654.08 ± 309.50 560.81 ± 224.61 6.91 < 0.01**
AP (W) 86.49 ± 44.28 71.38 ± 32.78 63.08 ± 24.94 7.01 < 0.01**

Left extension PT (Nm) 62.58 ± 21.64 55.68 ± 17.14 49.96 ± 13.72 13.15 < 0.01**
TW (J) 748.21 ± 377.40 612.58 ± 295.19 494.08 ± 219.78 15.04 < 0.01**
AP (W) 82.48 ± 39.95 67.03 ± 30.96 55.05 ± 25.81 17.48 < 0.01**

Values are presented as mean ± standard deviation. BWS, body weight support; FWB, full weight bearing; PT, peak torque; Nm, Newton meter; TW, total 
work; AP, average power. **p < 0.01.

Figure 5.Figure 5. Average power of knee extension in the three conditions. (A) Right extension. (B) Left extension at an angular velocity of 60°/s. (C) Right exten-
sion. (D) Left extension at an angular velocity of 180°/s. BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p < 0.05, **p 
< 0.01.
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the BWS 20% and the FWB, the PT in BWS the 20% was signifi-

cantly greater than in the FWB. To the best of my knowledge, 

no previous studies have examined the isokinetic fatigue dur-

ing RAGT with three BWS conditions. Therefore, it is impos-

sible to compare the results of the current study to other stud-

ies. The results of the present study indicate that the higher 

BWS that affects the lower extremities when there is contact 

with the ground showed a smaller decrease in muscle strength. 

This means that the load on the legs during walking is reduced, 

which lowers resistance for the movements that are required 

to make walking. The ground reaction force is minimized in 

the mid-stance phase, because the center of gravity (COG) 

matched the body alignment against the gravity line and body 

weight was unloaded [28]. In particular, the COG height be-

comes higher, the higher the potential energy, and the higher 

the energy efficiency. Conversely, if the potential energy is 

lowered in the double stance phase, more kinetic energy must 

be used. Therefore, it could be considered that less fatigue oc-

curs because of reduced muscle effort. When walking on the 

ground in FWB, the body vector is located at the front of the 

hip joint and the knee joint is located at the back in the heel 

strike of the stance phase [29]. Also, the forefoot and poste-

rior foot pressure are higher than in the middle foot, which 

is because the weight load occurred mainly in the forefoot 

and the posterior foot in the initial swing phase and the load-

ing response of the stance phase [30]. As BWS increases, the 

extension moment is provided to suppress the weight load on 

both the hip and the knee joints and the foot pressure reduces 

significantly, which reduces the overall pressure of the ankle 

joints. The reduction of forefoot pressure in the initial swing 

phase makes it easier to perform knee flexion and ankle plan-

tarflexion. As a result, the hamstring muscles and the gastroc-

nemius activity are reduced depending on the BWS increase. 

In addition, an eccentric contraction of quadriceps muscles 

occurs during the loading response of the stance phase, ab-

sorbing the shock on the ground, so quadriceps muscle activity 

is reduced due to posterior foot pressure reduction, depending 

on the BWS increase [29]. A study showed that quadriceps and 
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Figure 6.Figure 6. Peak torque of knee flexion in the three conditions. (A) Right flexion. (B) Left flexion at an angular velocity of 60°/s. (C) Right flexion. (D) Left flex-
ion at an angular velocity of 180°/s. Nm, Newton meter; BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p < 0.05, **p 
< 0.01.



222 https://doi.org/10.12674/ptk.2021.28.3.215

Jihun Hwang, et al

hamstring muscle activities in BWS 40% during walking were 

lowered more significantly than in BWS 0% [31]. These results 

are similar to those in this study in that the lower the BWS, the 

higher the muscle fatigue due to an increase in knee muscle 

effort.

A key feature of RAGT is the possibility of generating sup-

portive torques and providing guidance of leg movements by 

the exoskeleton [32]. The RAGT in this study was used as one 

method of isokinetic exercise in healthy subjects. There has 

already been an efficient standardized program of isokinetic 

exercise formats. This is recommended by a level of 50% mus-

cle fatigue. This fatigue concept, which represents a decrease 

from the initial value to the final value, is not new and this 

clinician has experienced a high level of success when apply-

ing the following procedures to subject exercise regimens [33-

35]. Besides this, it may be applied to isokinetic exercise at 

any joint in either the velocity spectrum or the speed-specific 

formats [36]. In order to investigate the amount of PT change 

depending on BWS in this study, the BWS 20% and BWS 50% 

conditions were set as the initial values, respectively, and the 

FWB condition was set as a final value. The amount of PT 

change was as follows. Compared to FWB on the right knee 

extension at an angular velocity of 60°/s, BWS 20% decreased 

by 9.72% and BWS 50% decreased by 14.19%. On the left side, 

BWS 20% decreased by 8.59% and BWS 50% decreased by 

14.04%. On the right knee extension at an angular velocity of 

180°/s, BWS 20% decreased by 10.05% and BWS 50% decreased 

by 19.36%. On the left side, BWS 20% decreased by 14.45% 

and BWS 50% decreased by 20.97%. Compared to FWB on the 

right knee flexion at an angular velocity of 60°/s, BWS 20% 

decreased by 8.12% and BWS 50% decreased by 16.74%. On the 

left side, BWS 20% decreased by 6.75% and BWS 50% decreased 

by 18.62%. On the right knee flexion at an angular velocity of 

180°/s, BWS 20% decreased by 9.08% and BWS 50% decreased 

by 20.17%. On the left side, BWS 20% decreased by 10.27% and 

BWS 50% decreased by 20.17%. These results are similar to 

the findings of other studies [11,15,16] on isokinetic strength 

of knee extensors. For example, Denadai et al. [14] reported 

that the isokinetic PT of the knee extensors decreased after 

a session of high intensity exhaustive running exercise. The 
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Figure 7.Figure 7. Total work of knee flexion in the three conditions. (A) Right flexion. (B) Left flexion at an angular velocity of 60°/s. (C) Right flexion. (D) Left flexion 
at an angular velocity of 180°/s. BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p < 0.05, **p < 0.01.
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isokinetic strength losses in our study were higher than the 

findings, which were founded by Denadai et al. [14] who have 

reported decreases of 6.5% and 3.3% in concentric contraction 

at 60°/s and 180°/s, respectively. The isokinetic exercise used 

in this study is a high intensity exercise than running exercise 

used in their study [14]. Thus, our data indicated that this iso-

kinetic exercise requires a more muscle strength than running. 

Although RAGT used as an isokinetic fatigue test does not de-

crease to 50% fatigue, quantitative data have been presented 

on how much torque falls when applying BWS. Based on this 

concept, this data will serve as a useful basis for clinicians us-

ing RAGT in the future.

In this study, four isokinetic parameters were recorded: PT, 

TW, and AP. There are very strong correlations between the PT 

and TW [37]. In addition, due to the characteristics of the mo-

ment curve, there is a close relationship between the PT and 

TW. This very strong relationship has been studied and report-

ed before [38]. Moreover, as the power derives directly from 

the work, the other two are also closely related. These relation-

ships are evident from Figures 3–8, which depict very similar 

variations in magnitude irrespective of the parameter, relative 

to the experimental condition. The use of the PT seems per-

fectly sufficient for assessing the isokinetic strength of muscles 

[39]. Thus, the PT value was explained as the isokinetic muscle 

strength because all the variables (PT, TW, and AP) showed a 

similar tendency.

For a purposeful exploitation of the training parameters in 

RAGT, it is essential to understand how parameter settings af-

fect locomotor control and human body characteristics [40]. 

This study shows that the lower BWS during RAGT lowered 

the isokinetic torque, work, and power of the knee muscles 

because of muscle fatigue increase. However, this study has 

several limitations. First, the results of this study are represen-

tative of a young, healthy population, which may not be gen-

eralizable to other populations. Second, the sEMG measure-

ments were not measured to confirm the fatigue of the knee 

muscles during the isokinetic trials. However, since sEMG am-

plitude and isokinetic strength were correlated, the isokinetic 

trial was performed instead of sEMG. Third, the change in foot 

pressure was not measured according to the change rate of 

Figure 8.Figure 8. Average power of knee flexion in the three conditions. (A) Right flexion. (B) Left flexion at an angular velocity of 60°/s. (C) Right flexion. (D) Left 
flexion at an angular velocity of 180°/s. BWS, body weight support; FWB, full weight bearing. Error bar: standard deviation. *p < 0.05, **p < 0.01.
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BWS through the harness. Finally, the baseline isokinetic test 

was not measured prior to performing RAGT. The RAGT with 

the two BWS conditions in this study were set as the baseline 

values, respectively, because the application of BWS was in-

vestigated rather than focusing just on the RAGT data. Further 

studies are needed to assess sEMG and foot pressure. Besides, 

the baseline value of isokinetic test is needed to investigate 

only the fatigue of RAGT.

CONCLUSIONS

The results of this study suggest that the lower BWS during 

RAGT seems to lower the isokinetic torque, work, and power 

of the quadriceps and hamstring muscles because of the mus-

cle fatigue increase. This change in isokinetic muscle strength 

(PT, TW, and AP) generated by knee joints that exceeds the 

baseline measures, may be used as an indicator that helps 

the clinician to continue training or to alter the rehabilitation 

strategy. Finally, this quantitative data can be used as evidence 

of what constitutes the correct amount by which to increase or 

decrease the load when applying BWS during RAGT in clinical 

practice because the BWS of RAGT requires proper adjustment 

to the subjects’ characteristics and conditions.
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