
M.J. Dainoff (Ed.): Ergonomics and Health Aspects, HCII 2007, LNCS 4566, pp. 144–150, 2007. 
© Springer-Verlag Berlin Heidelberg 2007 

Splint Effect on the Range of Wrist Motion and  
Typing Performance 

Yuh-Chuan Shih* and Bi-Fen Tsai 

Department of Logistics Management, National Defense University 
No. 70, Sec. 2, Central N. Road, Pei-Tou, Taipei, Taiwan 

* river.amy@msa.hinet.net 

Abstract. This study examined the splint effect on both maximal range of wrist 
motion (MROWM) and typing performance (typing speed and error rate). Three 
types of splints were evaluated, and bare-hand condition was included for 
comparison. The ANOVA results indicated that wearing splints reduced the 
MROWM in radial deviation, extension, and flexion, as well as the typing speed. 
Wearing splints did not cahnge the MROWM in ulnar deviation or typing error 
rate. Additionally, participants reported subjectively that wearing splints 
increased the difficulty to type. 
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1   Introduction 

The awkward wrist and forearm postures with high repetitiveness and long duration 
during keyboard operations are recognized as the risk factors contributing to 
musculoskeletal disorders (MSDs). In order to alleviate incidence rate of forearm/hand 
MSDs, a number of alternative geometry keyboard designs have been proposed to 
reduce awkward wrist and forearm postures during typing [1,2,3,4]. On the other hand, 
splints have been marketed as personal protective equipment for the prevention of CTS 
in people who work in high-risk occupations, even though there is little evidence 
supporting the effectiveness of splints in preventing injury. The presumed therapeutic 
benefits of splinting are immobilization, pain relief, prevention of malalignment, 
prevention/ reduction of soft tissue shortening and contractures, prevention of soft 
tissue overstretch, counteracting hypertrophic scars, support of weak muscles, and 
improvement of function. Commercial wrist splints could lessen the wrist’s deviation 
from the neutral position [5,6], and thus reduce the carpel tunnel pressure (CTP) caused 
by wrist extension/flexion [7]. Malone et al. [5] indicated that wearing splints could 
significantly reduce wrist extension during wheeling, but did not alter elbow motion or 
maximal wheeling speed. On the other hand, Rempel et al. [6] demonstrated that there 
was an augmentation in CTP while subjects were either wearing splints or performing 
repetitive tasks as compared with resting, and the influence of a splint on CTP was not 
significant during the performance of repetitive activities. The CTP was indicated to be 
higher in CTS patients than in normal people, and any situations causing higher CTP 
could make CTSs worse [7].  
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The splints are popular among people suffering from MSDs, such as those operating 
keyboard frequently. Could the splints affect the typing performance as the splints are 
worn? Therefore, this paper investigates the splint effect on typing speed and error rate, 
as well as the maximal rang of wrist motion in radial/ ulnar deviation, and extension/ 
flexion.  

2   Experiment 1: Splint Effect on Maximal Range of Wrist Motion 

2.1   Method 

2.1.1   Participants 
Twenty men and 20 women were recruited. All were right-handed, healthy and free 
from musculoskeletal disabilities of the upper extremities. Their anthropometric data 
are given in Table 1, in which the dominant hand was measured.  

Table 1. The anthropometric data of the participants of this study 

Experiment 1 
(20 men+ 20 

women) 

Experiment 2 
(11 men+ 11 

women) 
Item (unit) Gender 

Mean SD

 

Mean SD 

Age (yr.) 
Male 
Female 

26.3
28.3

3.5
5.0

24.5 
26.5 

2.5 
3.8 

Height (cm) 
Male 
Female 

172.4
160.6

4.3
5.4

172.6 
161.8 

5.4 
5.2 

Weight (kg) 
Male 
Female 

68.5
54.8

10.4
6.1

70.7 
55.1 

12.7 
6.0 

Wrist circumference (cm) 
Male 
Female 

16.0
14.8

0.7
0.8

16.1 
14.8 

0.8 
0.8 

Hand length (cm) 
Male 
Female 

18.9
17.2

0.7
1.1

19.0 
17.3 

0.8 
1.2 

Palm breadth (cm) 
Male 
Female 

8.2
7.4

0.4
0.4

8.2 
7.3 

0.4 
0.5 

Palm length (cm) 
Male 
Female 

10.3
9.4

0.5
0.5

10.4 
9.4 

0.5 
0.5 

Forearm circumference, relax (cm) 
Male 
Female 

26.0
23.1

1.9
1.7

26.5 
23.3 

2.2 
1.7 

2.1.2   Materials and Apparatus 
Three commercial types of flexible splints were selected. Two of them were flexible 
bands: one just could be wrapped on the wrist (denoted by ‘W’ splint), and the other 
could be wrapped not only on the wrist, but also on the palm (denoted by ‘W+V-1’). 
The rest had a volar part, which can be worn on the palm and the band can wrap 
around the wrist (denoted by ‘W+V-2’). Their appearance and characteristics are 
shown in Table 2. Additionally, a goniometer (manufactured by ISOMED) was 
employed.  
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2.1.3   Experimental Design 
A balanced nested-factorial design was employed with the factors of gender, 
participant (nested within the gender), and the splinted condition (the bare-hand 
condition was included for comparison). The responses were the maximal ranges of 
wrist motion (MROWM) in extension/ flexion, and radial/ ulnar deviation. The level of 
significance is set at α=0.05. 

Table 2. The appearances and characteristics of splints used 

Types of splints W W+V-1 W+V-2 
Model Special sp-2010 Special sp-2040 Oppo-1084 
Size One-size One-size S, M, L, XL 

Manufacturer 
SPECIAL PROTECTORS 
Co., LTD. 

SPECIAL ROTECTORS 
Co., LTD. 

OPPO MEDICAL 
INC. 

Materials 
80%Neoprene Rubber, 
10%Coolmax(Polyester) 
10%Nylon 

80%Neoprene Rubber, 
10% Coolmax(Polyester), 
10% Nylon 

70% Neoprene 
15% Nylon 
15% Cotton 

 

Appearance 

 

2.1.4   Procedures 
Before measurement, all participants were asked to warm up the wrist joint by smooth 
rotation. The upper arm was beside the trunk and vertical to the floor, whole forearm 
rested on a table and parallel to the floor. While measuring extension/ flexion, the palm 
faced down, and palm faced medial as radial/ ulnar deviation was measured. They 
moved their wrists to a specified direction as possible as they can. 

2.2   Results 

The ANOVA results are as Table 3 shows. Except for ulnar deviation, gender effect is 
significant on MROWMs. As the Fig 1 shows, women MROWMs are greater except 
for the radial deviation. In addition, Fig. 2 displays the splinted effect on MROWMs. 
The Newman-Keuls method was additionally applied to discriminate the pairwise 
difference among splinted conditions. The results shown in Fig. 2, in which the same 
characters means mutually insignificant, demonstrates that all splints reduced the 
MROWMs significantly, especially those covered the palm. 
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Table 3. The ANOVA results for MROM 

F-value Sources of 
Variation 

d.f. 
Radial  Ulnar  Flexion  Extension 

Participant (Gender) 38 14.00***  11.10***  16.56***  23.05*** 

Gender 1 7.27**  0.14  6.40*  25.89*** 
Splinted 3 51.54***  32.28***  66.46***  67.81*** 
Gender* Splinted 3 0.87  0.32  2.48  0.04 

***: p<0.001; **: p<0.01; *: p<0.05 
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Fig. 1. The gender effect on MROM 

3   Experiment 2: Splint Effect on Typing Performance 

3.1   Method 

3.1.1   Participants 
Eleven male and 11 female participants took part in this experiment. Except two men 
and one woman, all were selected from the previous experiment. They were all 
qualified by a 10-min typing test documented by the Taiwan Computer Skills 
Foundation: typing speed was not less than 30 Chinese words/min and error rate was 
less than 10%. All were right-handed, healthy and free from musculoskeletal 
disabilities of the upper extremities. Anthropometric data are given in Table 1.  

3.1.2   Apparatus and Materials  
The workstation was in L shape, which equipped with a 17” LCD monitor, 73-cm 
height desk, adjustable chair, and conventional keyboard. The same splints applied in 
experiment 1 were used again. The software developed by Taiwan Computer Skills 
Foundation was used to examine the typing performance.  
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Fig. 2. The splinted effect on MROM (the same characters means mutually insignificant by 
Newman-Keuls method) 

3.1.3   Experimental Design 
The same experimental design in the previous was employed. The responses were 
typing speed and error rate.  

3.1.4   Experimental Procedure 
The goals and procedures were also first explained. Prior to type, participants adjusted 
the chair height to that they felt comfortable, and the document was put on the right side 
of the participant with a distance of 20 cm from away the edge of table. The distance 
from eyes to computer screen was 60~70 cm. The same article was used to familiarize 
participants with the procedure in a 10-min pretest. In order to minimize the learning 
effect, four different but equivalent difficulty articles documented by Taiwan Computer 
Skills Foundation were selected and randomly assigned to the four splinted conditions 
for all participants. During a 20-min formal typing task, all participants were asked to 
type as fast as they can. A 10-min break was scheduled between successive tasks, and a 
longer was allowed if participants requested. As soon as a given task was completed, a 
subjective assessment of how easily to type was conducted based on the Likert’s 
7-point scale, from ‘very difficultly’ (1) to ‘very easily’ (7).  

3.2   Results 

Table 4, the ANOVA result, shows that splint effect on both typing speed and 
subjective assessment was significant, but on error rate was not. The significant effects 
were tested by Newman-Keuls method to discriminate mutual difference. Fig 3 reveals 
that the bare-hand typing speed is the best (44.2 words/ min). Interestingly, wearing 
splints or not did not dramatically change the typing error rate. Furthermore, according 
to subjective assessment, bare-hand condition is considered to be the best situation to 
type (6.3), followed by wearing “W’ splint (4.7), and the other rest two are the worst 
and not mutually different (3.6 and 3.1). 
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Table 4. The ANOVA results for typing task 

F-value Source of Variations d.f. 
Typing speed   Error rate  Subjective assessment 

Participant(Gender) 20 40.77***  6.77***  3.53*** 
Gender 1 0.53  0.01  0.03 
Splint 3 3.22*  0.59  30.76*** 
Gender * Splint 3 0.20  0.22  0.31 
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Fig. 3. The splinted effect on typing speed and subjective assessment (the same characters means 
mutually insignificant by Newman-Keuls method) 

4   Discussions and Conclusions 

Wearing splints constrained the range of wrist motion and constricted the wrist. Both 
led to a difficulty to operate the keyboard and reduced the typing speed. On the other 
hand, perhaps wearing splints did not affect the motor skill and/or the typing skill was 
screened at first, the typing error rate did not shift. Generally, wearing splints decrease 
the maximal range of wrist motion and increase the difficulty to operate the keyboard. 
They seem to contribute to lessen typing speed, but not to change typing error rate.  
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