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ABSTRACT 

Objective: Human beings display some degree of dextrality that is a preference to use one hand for tasks. About 90% humans are 

right handed and therefore left hemisphere dominant for manual skills. Jebsen et al. in 1969 designed an objective and standardized 

test for hand functions. The study aims and focuses to confirm inter manual transfer of training untrained hand and to determine 

whether improvement in performance occurs in the similar functional tasks. Method: A total of 60 patients who could read and write 

English and fulfilled the inclusion criteria were selected and randomly allocated to two Groups. Group A and Group B. Results: For all 

dependent variables subjective and objective evaluation was done at the time of examination and four week after the intervention 
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using t-test. Conclusion: Present study concluded that performance improvement in untrained hand occurs after training the 

dominant hand and also the improvement in performance occurs in the similar functional tasks. So inter manual transfer may be of 

therapeutic value in clinical setup especially in cases with unilateral impairment of an upper extremity.  

 

Keywords: Inter manual transfer, Jebesen hand function test, Peg board and Edinburgh handedness inventory 

 

 

1. INTRODUCTION 

Human beings display some degree of dextrality that is a preference to use one hand for tasks. This preference has involvement 

concerning the cortical control of movement (Paolo Viviani et al., 1998). About 90% humans are right handed and therefore left 

hemisphere dominant for manual skills. (Volkmann et al., 1998) found hand preferences are related to different relation between 

different structures of movement representation in the dominant and non-dominant hemisphere. The movement of arm and hand 

must be coordinated for maximum and efficient function (Lorraine Williams Pedretti, 1996; Jebsen et al., 1969) designed an objective 

and standardized test for hand functions. 

Population frequently treated by therapist includes those with unilateral impairment of an upper extremity (Marica Juratovic 

Nagel & Martin S. Rice, 2000). Various methods have been implemented to avoid the ill effects of immobilization on muscle 

function. One opinion can be use of normal limb exercise protocol. This depends upon the phenomenon of cross transfer the ability 

to exercise one limb to increase the performance of the contralateral limb (Kannus et al., 1992) such phenomenon has previously 

been demonstrated by (Rider, 1971; Jinsung Wang & Robert L. Sainburg, 2003; Stoddard  & Vaid, 1996; Hillenbrand et al., 1947). 

Cross transfer from right hand training to left hand can be attributed to bilateral left hemisphere control (Criscimagna-Hemminger 

et al., 2003).  

Wyke, 1967 in his study found that in patients with unilateral brain damage, left sided cortical lesions produce marked slowness 

of the movement in the contralateral arm with a minimal slowing only in the ipsilateral arm whereas right cortical lesions produce 

slowing only of the contralateral movements. This was supported by Kimura et al. in there study which suggested motor control 

exerted by the left hemisphere is bilateral (Doreen Kimura & Yvonne Archibald, 1974). To increase the performance of patients in 

everyday activities, they are made to practice skills in the rehabilitation setting, which they will later perform at home. An important 

factor in learning any task is the principle of transfer of learning. It was suggested that adaptation of a movement could be 

transferred to the other contralateral limb and to the different arm arrangements within the same limb (Susanne et al., 2001; Gordon 

et al., 1993) in their study showed that grasping and lifting small objects, weight related detail is transferred to the opposite arm.  

The study aims and focuses to confirm the inter manual transfer of training untrained hand and to determine whether 

improvement in performance occurs in the similar functional tasks. 

 

2. METHODS 

This section contains information about the subjects, their mode of recruitment, instruments and the procedure used for this study. 

Subjects willing to participate in the study were briefed about the study and interventions. After briefing the informed consent was 

taken, their demographic data was collected and initial evaluation was done. The flow chart below gives the details of the 

methodology and protocol followed for the present study. 

 

Inclusion criteria  

Following subjects were included in the study:  

1. Both males and Females 

2. Subjects between 25 and 30 years  

3. Right handed Dominant based on Edinburgh handedness inventory. 

4. Subjects who can read and write English.  

 

Exclusion criteria  

Following subjects were excluded from the study:  

1. History of any surgery in the past which effects upper limb functions. 

2. History of any neurological conditions which effects upper limb functions. 

3. Systemic disorders such as tuberculosis, rheumatoid arthritis or Osteoarthritis 

4. Diabetic neuropathy  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kannus%20P%5BAuthor%5D&cauthor=true&cauthor_uid=1555557
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5. Amputation of upper limb 

6. Fractures of upper limb leading to any fixed deformity 

 

Instrumentation 

1. Chair  

2. Time-keeper 

3. Jebsen Hand Function Test Board and Accessories 

4. Peg board apparatus and 16 pegs, 8 each for right and left hand 

 

Procedure 

Training was given for 20 minutes 2 times/week (Monday to Friday) for a total of 4 weeks on Pegboards apparatus. Study was 

conducted starting from 04th May 2020 to 30th June 2020. Group A (Experimental Group) was given training using right hand only 

whereas Group B (Control Group) was not given any training. For Pegboard task subjects had to start from a predetermined starting 

position of 140mm. The subjects were required to place pegs into the holes as quickly as possible. Instructions were given to 

perform the task as fast as possible without dropping the peg, if dropped test was repeated again.  

Instruction: Ask subject to use his/her left hand to pick up pegs one by one and place them in the holes as fast as he/she can. Timing 

was noted from the word GO to the placing of the peg in the hole. The same was repeated with the right hand. For Jebesen hand 

function instructions were given according to the subtest. Method of application of Jebesen hand function (fig: 1). 

 

 

 

Figure 1 Jebsen-Taylor Hand Function Test 

 

SUBTEST 1: WRITING 

Procedure: The subject is given a pen and 4 A4 sheets of unruled white paper fastened, one on top of the other, to a clipboard. The 

sentence has 24 letters and is of 3rdlevel reading difficulty. The sentence is typed in all capital letters. The card is given with the typed 

side facing down. The articles are arranged as per the comfort of the subject and the card is then turned over by the examiner. The 

item is timed from the word “go” until the pen is lifted from the page at the end of the sentence. Same protocol is redone with the 

dominant hand using a new sentence. 

Instructions: Pick the pen in the left hand, arrange the whole lot so that it is easy for the subject to write with his/her left hand. On 

‘Go’, write the sentence as quickly and as clearly as you can with your left hand. Ready. Go. 

Dominant hand: Repeat the same thing, using right hand with a different sentence. Are you ready? Go. 

 

SUBTEST 2: CARD TURNING  

Procedure: 05cards, with dimension of 3-by-5 inch, ruled on one side are kept in a horizontal row 5cm apart on the desk in front of 

the subject. Each card is vertically oriented, 5cm from the front border of the desk. Timer is from the word “Go” till the last card is 

turned over. The item is repeated with the dominant hand. 

Instructions: On ‘Go’, using your left hand turn the cards over one at a time as quickly as you can, beginning with this one on 

extreme right. Turn them over in any way as you wish, they need not be in an orderly pattern when subject finishes. Ready? Go. 

Dominant hand: Repeat same thing with the right hand starting with this one on extreme left Ready? Go. 
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SUBTEST 3: SMALL OBJECTS 

Procedure: 02 paper clips having vertical orientation, 02 same sized bottle caps and 02 coins are placed in a horizontal row to the left 

of the can. The objects are 5cm apart. On Go begin as instructed. Same is repeated with the dominant hand.  

Instructions: On ‘Go’ use your left hand to pick up objects one by one and place them in the can as fast as he/she can. Start from 

extreme left. Ready? Go. 

Dominant hand: Repeat same with the right hand here start from the extreme right. Ready? Go. 

 

SUBTEST 4: SIMULATED FEEDING 

Procedure: 05 beans placed on a board having dimensions of 105cm long, 29cm wide and 2cm thick secured to the desk using a “C” 

clamp. The front edge is marked at 10cm intervals a center piece of plywood, 51cm long, 5cm high and 2cm thick glued in such a 

way that it is 10cm from the right end and 15cm from the front of the board. The front of the center upright should be marked at 

5cm intervals beginning 2.5cm from each end fixed to the desk in front of the subject and 12.5cm from the side of the desk. The 

beans are oriented to the left of center, parallel to and touching the upright of the board 5cm apart.  An empty coffee can is kept in 

front of the board.  Timer is from the word “Go” till the last bean hits the bottom of the can. Same is repeated with the dominant 

hand. 

Instructions: Take the teaspoon in your left hand. On “Go”, pick up the beans one by one with the teaspoon and place them in the 

can as fast as you can begin with this one. Ready? Go.” 

Dominant hand: Same protocol is redone with the right hand 

 

SUBTEST 5: CHECKER 

Procedure: 04 normal sized wooden checkers are kept in front of the patient, 12.5cm from the anterior side of the desk. Timer is from 

the word “Go” till the 4th checker makes contact with the 3rd checker. The item is repeated with the dominant hand. 

Instructions: On ‘Go’, using your left hand stack the checkers on the board in front of you as fast as you can like this, one on top of 

the other (demonstrate). Start with any checker. Ready? Go.” 

Dominant hand: Same protocol is redone with the right hand. 

 

SUBTEST 6: LARGE LIGHT OBJECTS 

Procedure: 05 beans cans are placed in front of a board which is fixed to the desk in front of the subject 12.5cm from the anterior 

side of the table. 5cm part spacing is kept between the cans with the open end of the cane facing down. Timer is from the word 

“Go” until the 5th can is released. The same is repeated with the dominant hand. 

Instructions: On ‘Go’, using your left hand stand these cans on the board. Begin with the one on extreme left.  

Dominant hand: Same protocol is redone with the right hand. 

 

SUBTEST 7: LARGE HEAVY OBJECTS 

Procedure: 05 empty cans are placed in front of a board fixed to the desk of the subject 12.5cm from the anterior side of the table. 

5cm part spacing is kept between the cans with the open end of the cane facing down. Timer is from the word “Go” until the 5th can 

is released. The same is repeated with the dominant hand. 

Instructions: Do the same with given heavier cans. Place left hand on the table. On ‘Go’, using your left hand stand these cans on the 

board as fast as you can. Ready? Go.” 

Dominant hand: Same protocol is redone with the right hand. 

Post training measures were taken for both non dominant and dominant hand using outcome measures after a period of total 4 

weeks 

 

Data analysis 

Statistics were performed using SPSS software 22.0. Level of significance selected for the study was p<0.01. 

 

3. RESULTS 

Significant improvement was seen in all the subtest on Comparison of Dominant hand Peg board and Jebsen Hand Function subtest 

in Experimental Group A except writing and simulated feeding (Table 1 & Graph 1). On comparison of Dominant hand Peg board 

and Jebsen Hand Function subtest in Control Group Bresults showed that there was no significant difference in the performance 

(Table 2 & Graph 2). On comparison of Post Intervention Dominant hand Peg board and Jebsen Hand Function subtest in 
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Experimental Group A and Control Group B result showed that there was significant difference in performance between the groups 

except writing, simulated feeding and heavy cans subtests (Table 3 & Graph 3).  

 

 

Graph 1: Comparison of Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A 

 

Table 1 Comparison of Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 11.56 1.18 8.72 1.09 16.49 .001 

Writing 3.64 .542 3.12 .537 1.19 .164 

Card Turning 2.41 .532 3.63 .507 6.50 .001 

Object Putting 3.57 .523 2.36 .511 11.54 .001 

Simulated Feeding 11.64 1.42 11.61 1.39 1.10 .208 

Checker 1.87 .401 1.11 .256 14.95 .001 
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Light Cans 4.32 .413 3.98 .569 6.32 .001 

Heavy Cans 4.21 .654 3.97 .739 9.97 .001 

 

 

 

Graph 2: Comparison of Dominant hand Peg board and Jebsen Hand Function subtest in Control Group B 

 

Table 2 Comparison of Dominant hand Peg board and Jebsen Hand Function subtest in Control Group B 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 1.96 1.03 11.06 1.01 1.12 .121 

Writing .546 .274 3.92 .271 1.02 .212 

Card Turning 2.95 .512 2.95 .511 1.65 .023 

Object Putting .654 .635 3.98 .627 1.01 .289 

Simulated Feeding 10.99 1.23 10.98 1.21 1.19 .165 

Checker 1.96 .632 1.95 .631 1.01 .215 

Light Cans 4.69 .536 4.59 .554 1.23 .146 

Heavy Cans .709 .708 3.95 .701 1.36 .102 

 

Table 3 Comparison of Post Intervention Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A and 

Control Group B 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 6.89 1.01 11.23 1.01 11.56 .001 

Writing 3.89 .555 3.46 .298 .69 .354 

Card Turning 2.12 .501 2.98 .569 3.98 .001 
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Object Putting 2.98 .596 3.45 .645 7.46 .001 

Simulated Feeding 11.77 1.43 11.98 1.23 .369 .546 

Checker 1.01 .165 2.16 .652 9.98 .001 

Light Cans 3.95 .652 4.98 .541 2.98 .001 

Heavy Cans 3.98 .765 3.26 .654 2.31 .021 

 

 

 

Graph 3: Comparison of Post Intervention Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A 

and Control Group B 

 

On comparison of Pre Intervention Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A and 

Control Group B there was no significant difference in the performance (Table 4 & Graph 4). On comparison of Non Dominant hand 

Peg board and Jebsen Hand Function subtest between Experimental Group (Pre and Post) significant improvement was seen in the 

entire subtest except writing and simulated feeding (Table 5 & Graph 5). On comparison of Non Dominant hand Peg board and 

Jebsen Hand Function subtest in Control Group B (Pre and Post) the results showed no significant difference in the performance 

(Table 6 & Graph 6). On comparison of Post Intervention Non Dominant hand Peg board and Jebsen Hand Function subtest 
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between Group A and Group B there was significant difference in performance between the groups except writing, card turning, 

simulated feeding and heavy cans subtests (Table 7 & Graph 7).  

 

 

Graph 4: Comparison of Pre Intervention Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A and 

Control Group B 

 

Table 4 Comparison of Pre Intervention Dominant hand Peg board and Jebsen Hand Function subtest in Experimental Group A and 

Control Group B 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 12.96 .652 13.11 .632 1.20 .142 

Writing 10.92 1.06 10.12 1.23 1.21 .145 

Card Turning 3.65 .334 3.09 .365 .769 .263 

Object Putting 5.89 .396 5.23 .651 1.23 .149 

Simulated Feeding 13.25 1.45 12.93 1.45 1.01 .265 

Checker 3.21 .399 3.12 .635 1.35 .236 

Light Cans 5.49 .596 5.23 .695 .847 .345 

Heavy Cans 4.92 .512 4.98 .598 1.11 .129 
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Table 5 Comparison of Non Dominant hand Peg board and Jebsen Hand Function subtest between Experimental Group (Pre and 

Post) 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 12.36 .756 10.63 .769 12.76 .001 

Writing 11.01 1.03 10.13 1.12 1.16 .176 

Card Turning 3.65 .332 2.96 .456 .645 .001 

Object Putting 5.96 .369 3.65 .589 10.39 .001 

Simulated Feeding 13.65 1.23 12.95 1.49 1.21 .189 

Checker 2.91 .369 2.01 .365 11.96 .001 

Light Cans 6.11 .569 4.36 .652 9.63 .001 

Heavy Cans 4.99 .489 5.01 .645 10.01 .001 

 

 

 

Graph 5: Comparison of Non Dominant hand Peg board and Jebsen Hand Function subtest between Experimental Group (Pre and 

Post) 
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Table 6 Comparison of Non Dominant hand Peg board and Jebsen Hand Function subtest in Control Group B (Pre and Post) 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 13.56 .653 13.11 .650 1.12 .151 

Writing 9.23 1.012 9.21 1.001 1.12 .151 

Card Turning 3.26 .356 3.19 .316 .24 .653 

Object Putting 4.23 .659 4.21 .669 1.48 .121 

Simulated Feeding 12.56 1.47 12.54 1.39 .87 .295 

Checker 2.96 .596 2.89 .591 1.29 .121 

Light Cans 5.89 .654 5.87 .612 1.24 .156 

Heavy Cans 5.11 .621 5.09 .566 1.23 .104 

 

 

 

Graph 6: Comparison of Non Dominant hand Peg board and Jebsen Hand Function subtest in Control Group B (Pre and Post) 
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Table 7 Comparison of Post Intervention Non Dominant hand Peg board and Jebsen Hand Function subtest between Group A and 

Group B 

Variables 
Pre N 30 Post N 30 

t- Value P- value 
Mean SD Mean SD 

Peg board Task 10.49 .785 12.56 .634 11.23 .001 

Writing 10.21 1.23 9.56 1.12 1.29 .165 

Card Turning 2.84 .456 3.56 .365 1.45 .115 

Object Putting 3.65 .541 4.89 .654 5.11 .001 

Simulated Feeding 13.05 1.24 12.41 1.17 1.04 .214 

Checker 1.95 .347 2.13 6.45 6.12 .001 

Light Cans 4.51 .651 5.12 4.25 2.85 .001 

Heavy Cans 4.56 .645 4.98 1.86 1.76 .063 

 

 

Graph 7: Comparison of Post Intervention Non Dominant hand Peg board and Jebsen Hand Function subtest between Group A and 

Group B  
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4. DISCUSSION 

In the present study variant of pegboard task is a kind of sensorimotor task in which particular visual stimuli requires a specific 

response, this visumotor task practice causes performance to change from initially slow, inaccurate and uncoordinated movements 

to fast, accurate and coordinated movements. These changes have been attributed to shifts in motor planning and programming 

(Elaine de Guise et al., 1999). Transfer of training to contralateral hand could be explained by three proposed models of inter manual 

transfer of training. 

First possibility is the hemisphere that used ill learning the task during training with the contralateral arm can also control the 

ipsilateral arm. It has been suggested that dominant hand can efficiently control the non-dominant arm. In the present study 

training with the dominant hand was initially used in learning the task, producing adaptation in the dominant hemisphere, which 

was later used in performing the task with the non-dominant hand. This frame work is supported by the study in which left sided 

cortical lesions produced marked slowing of the movement of the arm contralateral to the lesion, with lesser degree of slowing in 

the ipsilateral arm. (Wyke, 1967).  

Secondly another model proposed by Taylor and Heilman (Gerry Taylorab & Kenneth M. Heilmanab, 1980) for the performance 

facilitation on the untrained side is the callosal access model according to which motor engrams are originally formed following 

right limb training and stored in the left hemisphere. The contralateral hemisphere can then subsequently access these engrams; 

across the corpus callosum. Thirdly according to (Parlow & Kinsbourne, 1989) during initial learning with the dominant arm a copy 

of learned information is simultaneously stored in the non-dominant hemisphere. Because of dominant motor cortex have access to 

superior motor programs non dominant cortex will receive updated copy which will work independently from dominant motor 

cortex when the non-dominant arm is required to perform the task.  

Performance gain in similar tasks can be explained on internal representation underlying grasping. Type of grip used for 

pegboard task is similar to that used for handling checker and objects; an internal model of representation of the grip is formed 

during training. During grasping the hand prehension and transport before object contact are affected by intrinsic properties of the 

object such as visual based estimates of objects size which finally determines the grip (Gentilucci et al., 1991). This study is consistent 

with the evidences supporting internal neural representation of grip utilized during training which is then later used for performing 

Jebsen Hand Function subtests. The performance of these subtests were also found to be improved in contralateral untrained hand 

which could be explained based on the formations of the internal models in the dominant hemisphere and ipsilateral control of the 

left hemisphere or inter hemispheric transfer of information as also suggested (Gordon et al., 1993). Some gain in performance of 

Jebsen Hand function subtests of placing light and heavy weight and turning cards have also been seen in the present study which 

could be explained based on spatial generalization from learned dynamics of reaching movements which is also supported by a 

study done by (Reza Shadmehr, Zahra & Moussavi, 2000).  

 

5. CONCLUSION 

Present study concludes that performance improvement in untrained hand occurs after training the dominant hand and also the 

improvement in performance occurs in the similar functional tasks irrespective to sex. So inter manual transfer may be of therapeutic 

value in clinical setup especially in cases with unilateral impairment of an upper extremity.  
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