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| Abstract |

Purpose: This study aimed to determine the effects of various wheelchair handling directions on the upper limb muscle activities 

of wheelchair attendants while climbing a ramp. 

Methods: For the study participants, healthy males over 20 years of age were chosen, and the order of the direction of wheelchair 

handle grip was determined using a randomized method. The handling directions for pushing the wheelchair up a ramp included 

a general grip with ulnar deviation, a medial grip with wrist pronation, and a neutral grip with a neutral wrist. The muscle activities 

in the participants’ upper limbs were measured using surface electromyography. For statistical data processing, SPSS 18.0 was 

used to perform repeated measures ANOVA in order to compare the muscle activity among the intervention groups. A contrast 

test was also conducted among the participants. The significance level (α) was set to 0.05. 

Results: There was a significant difference between groups using a general grip and a medial grip in the biceps brachii, triceps 

brachii, and flexor carpi radialis muscles (p<0.05). There was also a significant difference between using a general grip and a neutral 

grip in the biceps brachii and flexor carpi radialis muscles (p<0.05), and there was a significant difference between using a medial 

grip and a neutral grip in the biceps brachii and extensor carpi radialis brevis muscles (p<0.05).

Conclusion: In this study, the wheelchair assistants’ wrist muscle activity was the lowest with a neutral grip while ascending 

a ramp. Accordingly, this study proposes that wheelchair assistants push wheelchairs up ramps with a neutral grip.
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Ⅰ. Introduction

Average life expectancy has recently increased thanks 

to the advancement of medical science and improvement 

of medical techniques (Kim, 2017). At the same time, 

the number of people who suffer from disabilities 

continues to growth (Kwon & Kong, 2005). Recovery 

of the quality of life and return to the society of the 

disabled has become an important social issue where the 

security of mobility becomes the first requirement (Sie 

et al., 1992). Wheelchair, which is a representative 

walking aid for people with disabilities, helps easy 

mobility of the disabled and induces their social 

participation through increased social accessibility. 

Wheelchair also provides convenience of mobility to the 

elderly people or those who have difficulties in walking 

(Kim, 2015; Kwon & Kong, 2005). Wheelchair is essential 

in daily life for vertical movement in spaces that have 

grounds with different height, such as building entrance 

(Kim et al., 2010). Stairs and ramp are most frequently 

observed vertical shift facilities in our daily life. Stairs 

are difficult to use for mobility devices with wheels, such 

as wheelchair, stroller, and bicycles, as well as people 

with reduced mobility. Ramp is indispensable for those 

who have difficulties in using stairs and installation of 

ramp is becoming more universal these days (Yoo, 1995). 

As pushing wheelchair on ramp requires stronger power 

than pushing it on the ground, pushing wheelchair on 

ramp or uneven surface is particularly difficult for elderly 

people or women with weak muscle strength (Jang et 

al., 2016; Kim, 2012). Wheelchair users with severe 

disability who are unable to move without help from 

assistant also have difficulties in using ramp (Lee et al., 

2010). Most of the wheelchair users who have severe 

disability need assistant and they need help from caregiver 

when moving from wheelchair to restroom or moving 

from bed to wheelchair (Lee et al., 2011). Caregivers 

frequently use their body in a repeated way, such as 

moving patients, lifting patients, or bending lower back, 

and they are one of the groups that experience high 

incidence rate of musculoskeletal disease (Collins et al., 

1996). Certain musculoskeletal diseases that occur in arm 

are occupational illness (Yun et al., 2001), which include 

De Quervain’s tendinitis and carpal tunnel syndrome (Kim 

et al., 2007). Force, repetition, inappropriate posture, and 

vibration are some of the risk factors that can occur in 

case of repeated use of arms (Sanders, 2004). The external 

force that occurs from inappropriate posture caused by 

the size of handle or gripping method affects the gripping 

power and the force on the gripping tool is determined 

by the intended motion (Buchholz et al., 1988; Kuorinka 

& Forcier, 1995). Although a few previous studies 

examined the effects of tool-gripping direction on the 

muscle activity (Lee et al., 1996; Potvin et al., 2004), 

most of them focused on certain few muscles (Choi, 2007). 

This study examines how the muscle activity of 

wheelchair assistants’ arm changes according to the 

direction of wheelchair grip when they push wheelchair 

on ramp with a 60kg sandbag fixed on the wheelchair.

Ⅱ. Methods

1. Participants

Male students over the age of 19 who are enrolled 

in D University located in Busan City, South Korea were 

selected as research subject of this study. The subjects 

had no experience of musculoskeletal disease and 

neurologic or orthopaedic contracture and pain in their 

upper arm during the past three months. The subjects 

received sufficient explanation on the purpose and method 

of the experiment before the implementation of the 

experiment. All subjects participated in the experiment 
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Fig. 1. Ramp design.

Fig. 2. Wheelchair handle grip.

voluntarily. After submitting the written consent, the 

subjects participated in the experiment in random order. 

This study received approval from the Ethics Committee 

of Dong-Eui University for the protection of rights and 

safety of research subjects and obedience of law related 

to bioethics and safety. The approval number is DIRB–

201709–HR–R-026.

2. Measurement tool

1) Design of ramp

The ramp was designed to have a height of 45cm, 

width of 100cm, and length of 360cm with a slope of 

1 : 8(Fig. 1).

2) Design of wheelchair grip

We directly designed three types of wheelchair grips 

for this study: general grip for ulnar deviation, medial 

grip for wrist pronation, and neutral grip for wrist 

neutrality(Fig. 2).

3) Surface electromyogram

In this study, we used surface electromyogram of 

Noraxon telemyo 2400system (TM DTS, Noraxon, 

Scottsdale, USA) to measure the muscle activity of body 

trunk and arm on the right side when the wheelchair 

assistant pushes the wheelchair. To decide the location 

of electrode attachment, the wheelchair assistant took a 

posture that can give maximum resistance to each muscle 
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and contracted the corresponding muscle as much as 

possible. Then, the anode electrode was attached to muscle 

belly, which is the part that is most strongly activated during 

this posture, and the cathode electrode was attached 2cm 

apart from the anode electrode in parallel direction to the 

muscle. The electrode was attached to biceps brachii, triceps 

brachii, flexor carpi radialis, and extensor carpi radialis 

brevis. The sampling rate of electromyogram signal was 

set at 3,000Hz. After removing white noise by using the 

frequency band of 20–500Hz, we obtained the root mean 

square (RMS) of the measured electromyogram values. 

Rectification and smoothing was used for the treatment of 

other signals. The electromyogram signal was normalized 

in %RVC (reference voluntary contraction), which is used 

as a reference value that standardizes the electromyogram 

signal in certain motion (Cram et al., 1998). 

3. Measurement method

In this study, the order of three types of wheelchair 

grip, which was general grip, medial grip, and neutral 

grip, was randomly determined. The research subjects 

pushed wheelchair with a 60kg fixed sandbag on ramp 

by grabbing the wheelchair grip according to the randomly 

determined order. The subjects climbed the ramp 

following the measurer’s signal. The muscle activity was 

measured from the moment the rear wheel of the 

wheelchair touches the ramp while the front wheel of 

the wheelchair is completely on the ramp. The muscle 

activity was repeatedly measured for three times in each 

grip. To prevent the compensation act, muscle activity 

in each grip was repeatedly measured for three times, 

followed by three-minute resting time.

4. Data analysis

In this study, used SPSS version 18.0 for Windows 

to analyze the data collected in this study. We used 

repeated measure analysis of variance to compare the 

muscle activity of the same subject during ramp climbing 

according to the wheelchair grip direction and conducted 

within-subject contrast test. Significance level (α) in the 

statistical treatment was set at 0.05.

Ⅲ. Results

1. General characteristics of the subjects

The research subjects included 20men whose average 

age was 22.85±2.64years, average height was 175.35± 

4.50cm, and average weight was 70.80±8.24kg. Table 1 

summarizes the general characteristics of the research 

subjects (Table 1).

Characteristics Mean±SD

Age (years) 22.85±2.64

Height (cm) 175.35±4.50

Weight (kg) 70.80±8.24

Table 1. General characteristics of subjects (n=20)

2. Comparison of the muscle activity

1) Comparison of muscle activity of the wheelchair 

grip direction during ramp climbing (Table 2).

3. Comparison of the muscle activity among 

different intervention methods

1) Comparison of the muscle activity of biceps brachii 

muscle among differenet intervention methods

A statistically significant difference of the muscle 

activity of biceps brachii was observed between general 
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Period Type SS df MS F p

General vs Medial 88905439.57 1.00 88905439.57 30.72 0.00*

General vs Neutral 27551394.95 1.00 27551394.95 10.64 0.00*

Medial vs Neutral 17473390.26 1.00 17473390.26 18.65 0.00*

*p<0.05

Type SS: type sum of squares, df: degree of freedom, MS: mean squares, General: general grip, Medial: medial grip, 

Neutral: neutral grip

Table 3. Comparison of muscle activity of the biceps brachii muscle among the interventions

Period Type SS df MS F p

General vs Medial 3967721.19 1.00 3967721.19 6.55  0.02*

General vs Neutral 782556.14 1.00 782556.14 3.18 0.09

Medial vs Neutral 1226095.39 1.00 1226095.39 1.49 0.24

*p<0.05

Type SS: type sum of squares, df: degree of freedom, MS: mean squares, General: general grip, Medial: medial grip, 

Neutral: neutral grip

Table 4. Comparison of muscle activity of the triceps brachii muscle among the interventions

Muscle General Medial Neutral F p

BC 3316.76±498.60 1289.63±182.39 2235.41±291.36 20.86  0.00*

TC 1460.43±193.49 2261.57±253.31 1668.93±205.10 3.57  0.05*

FCR 2623.05±210.98 2485.75±222.50 2159.55±163.23 3.38  0.05*

ECRB 2470.46±188.10 2830.61±221.27 1990.64±192.18 6.01  0.01*

*p<0.05, Mean±SE

BC: biceps brachii muscle, TC: triceps brachii muscle, FCR: flexor carpi radialis muscle, ECRB: extensor carpi radialis 

brevis muscle

General: general grip, Medial: medial grip, Neutral: neutral grip

Table 2. Comparison of muscle activity of the wheelchair grip direction during ramp climbing

grip and medial grip, between general grip and neutral 

grip, and between medial grip and neutral grip 

(p<0.05)(Table 3).

2) Comparison of the muscle activity of triceps brachii 

muscle among differenet intervention methods

There was a statistically significant difference of the 

muscle activity of triceps brachii between general grip 

and medial grip (p<0.05). No statistically significant 

difference was observed between general grip and neutral 

grip and between medial grip and neutral grip (Table 4).

3) Comparison of the muscle activity of flexor carpi 

radialis muscle among differenet intervention 

methods

A statistically significant difference of the muscle activity 

of flexor carpi radialis was observed between general grip 

and medial grip and between general grip and medial grip 

(p<0.05). There was no statistically significant difference 

between medial grip and neutral grip (Table 5).



420 | PNF and Movement Vol. 16, No. 3

Period Type SS df MS F p

General vs Medial 1660545.06 1.00 1660545.06 1.93 0.18

General vs Neutral 4898747.86 1.00 4898747.86 5.60  0.03*

Medial vs Neutral 11683158.76 1.00 11683158.76 11.79  0.00*

*p<0.05

Type SS: type sum of squares, df: degree of freedom, MS: mean squares, General: general grip, Medial: medial 

grip, Neutral: neutral grip

Table 6. Comparison of muscle activity of the extensor carpi radialis brevis muscle among the interventions

Period Type SS df MS F p

General vs Medial 4848564.34 1.00 4848564.34 4.22  0.05*

General vs Neutral 4898747.86 1.00 4898747.86 5.60  0.03*

Medial vs Neutral 129.18 1.00 129.18 0.00 0.99

*p<0.05

Type SS: type sum of squares, df: degree of freedom, MS: mean squares, General: general grip, Medial: medial grip, 

Neutral: neutral grip

Table 5. Comparison of muscle activity of the flexor carpi radialis muscle among the interventions

4) Comparison of the muscle activity of extensor carpi 

radialis brevis muscle among differenet intervention 

methods

There was a statistically significant difference of the 

muscle activity of extensor carpi radialis brevis between 

general grip and medial grip and between general grip 

and medial grip. There was no statistically significant 

difference between medial grip and neutral grip (p<0.05) 

(Table 6).

Ⅳ. Discussion

Elbow joints of biceps brachii and triceps brachii act 

as antagonistic muscle for each other and they 

occasionally work as synergist (Neumann, 2010). These 

two muscles involve in the flexion and extension of elbow 

and act as mediator that supports the basic function of 

lower arm (Shin, 2006). Kim (2014) reported that the 

muscle activity of biceps brachii and triceps brachii differs 

according to the types of handles of walker aid. Another 

previous study reported that the muscle activity of triceps 

brachii differs according to the form of wrist joint (Kim 

et al., 2011). It is known that the muscle activity of biceps 

brachii and triceps brachii when pushing wheelchair 

depends on the promotion speed and slope of ramp (Kim, 

2012; Kong, 2004). In our study, a significant difference 

between general grip and medial grip was observed in 

biceps brachii and triceps brachii. Choi (2007) argued 

that gripping ultrasound applicator increases the muscle 

activity of flexor carpi ulnaris and decreases the muscle 

activity of extensor carpi radialis as the wrist is pronated 

in ulnar deviation. In our study, the muscle activity of 

biceps brachii was highest in general grip, which is similar 

to the case of gripping of ultrasound applicator. According 

to Newsam et al (1990), wrist shows a certain pattern 

when pushing wheelchair where the wrist becomes flexion 

and pronation condition in case of ulnar deviation and 

flexion and supination condition in case of radial 
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deviation. Although wrist becomes extension and 

pronation condition in ulnar deviation when pushing 

wheelchair on flat ground, the wrist becomes extension 

and supination condition in radial deviation when climbing 

ramp. As a result, biceps brachii that is innervated by 

flexor and supinator of elbow joint acts most strongly 

(Neumann, 2010). Triceps brachii minimally acted 

because of the extension of elbow joint and pronation 

of wrist (Kim et al., 2011). In case of medial grip, the 

muscle activity of biceps brachii was lowest and the 

muscle activity of triceps brachii was highest. As the 

flexion moment of biceps brachii decreases in pronated 

wrist, the action of biceps brachii diminished. On the 

contrary, triceps brachii, which neutralizes the tendency 

of pronator teres muscle that tries to bend elbow, acted 

most strongly (Neumann, 2010). Only biceps brachii 

showed a significant difference between general grip and 

neutral grip. Previous studies reported that the neutral 

position of wrist increases the stability of elbow joint 

and that it induces lower muscle activity of biceps brachii 

(Barr et al., 2001; Lee, 2008). The movement of elbow 

joint is restricted during ramp climbing and the action 

of biceps brachii diminishes, which causes lower muscle 

activity in case of neutral grip. A significant difference 

between medial grip and neutral grip was observed only 

in biceps brachii. Kim (2011) argued that the neutral 

position of wrist during isometric exercise of elbow joint 

produces stronger muscle activity of biceps brachii than 

the case of wrist extension. It is because the movement 

of wrist is restricted in wrist neutral position in order 

to increase the stability of lower arm. As a result, the 

muscle activity of elbow joint, which acts as lever of 

lower arm, increases due to the compensation act (Kim 

& Park, 2011). We believe that medial grip produced 

lower muscle activity than neutral grip during ramp 

climbing as the former induced extension of wrist.

Wrist joint plays a critical role in wrist movement and 

it involves in the flexion, extension, ulnar deviation, and 

radial deviation of wrist (Park, 2012). The activity of wrist 

muscles changes according to the location of wrist joint 

(Kim, 2011) and the muscle activity also changes 

depending on the types of handles (Kim, 2014). In our 

study, we observed a significant difference of flexor carpi 

radialis between general grip and medial grip. General 

grip induces radial deviation of wrist when climbing ramp 

and the muscle activity of flexor carpi radialis increases 

because the muscle acts as synergic muscle in case of 

radial deviation (Neumann, 2010). 

Medial grip induces wrist extension when climbing 

ramp and the muscle activity of wrist flexor, which acts 

as antagonistic muscle, consequently decreases, producing 

lower muscle activity of flexor carpi radialis (Kim et al., 

2005; Kim, 2011). The neutral position of wrist increases 

the stability of wrist and hence it is proper to secure 

appropriate length of wrist muscle. During ramp climbing, 

wrist movement stabilized and the muscle activity of 

flexor carpi radialis decreased in case of neutral grip, 

which induces the neutral position of wrist. As a result, 

a significant difference was observed between general grip 

and neutral grip (Fagarasanu et al., 2004; Kwon et al., 

2004; Lee et al., 2009; Son et al., 2002). A significant 

difference of extensor carpi radialis brevis was observed 

between medial grip and neutral grip. Medial grip 

produces higher muscle activity of wrist extensor than 

flexor. As the wrist extensor supports the weight of hand 

against gravity, medial grip produced the highest muscle 

activity (Mogk & Keir, 2010). On the contrary, neutral 

grip produced the lowest muscle activity. Barr et al (2001) 

argued that the activity of extensor carpi radialis decreases 

in case of neutral wrist position compared to wrist 

pronation as the gravitational influence of hand and lower 

arm relatively decreases (Fujii et al., 2007; Lee et al., 

2009). The neutral grip produced the lowest muscle 

activity as the gravitational influence of hand and lower 
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arm relatively decreased in case of ramp climbing. 

Summarizing the result of our study, the muscle activity 

of wrist was lowest in case of neutral grip, compared 

to general grip and medial grip in a comparison among 

different grips. Hence, we suggest using neutral grip when 

climbing ramps.

Ⅴ. Conclusion

In this study result, the muscle activity of biceps brachii 

and flexor carpi radialis statistically decreased and the 

muscle activity of triceps brachii statistically increased 

in case of medial grip in a comparison between general 

grip and medial grip. In a comparison between general 

grip and medial grip, the muscle activity of biceps brachii 

and flexor carpi radialis statistically decreased in neutral 

grip. In a comparison between medial grip and neutral 

grip, the muscle activity of biceps brachii statistically 

increased and the muscle activity of extensor carpi radialis 

brevis statistically decreased in neutral grip. Summarizing 

the result of our study, the muscle activity of wrist was 

lowest in case of neutral grip, compared to general grip 

and medial grip. We suggest that it is best to use neutral 

grip when climbing ramps. 
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