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ABTRACT 

 

            The first phase of this study was a therapeutic intervention study using a randomized 

non-blinded controlled trial design to make comparisons between 2 groups of rubber tappers, one 

group using the original tapping technique and the other using the ergonomic  tapping technique. 

The second phase was a quasi-experimental study, with the aim of  comparing before and after 

using  the ergonomic  tapping technique.. Data were collected using questionnaires developed 

from the Boston Carpal Tunnel Questionnaire, and covered the duration of tapping until the 

development of pain and numbness, the level of pain and numbness at hand and finger, the 

frequency of CTS, and the level of difficulty in performing activities.  Rubber tapper characteristics 

at baseline were compared across groups using descriptive statistic, the Pearson chi-square test 

and the unpaired t-test were compared Modified Boston Carpal Tunnel scores (MBCTS) with 2 

group. In phase 1,  MBCTS of intervention group and control group using the unpaired t-test. In phase 2,  

MBCTS scores before and after intervention using  the paired t-test. Significance level was set at 0.05.  

Results showed that baseline characteristics of sex, age, history of rubber tapping and MBCTS scores 

were not statistically different in the two groups. In both phase 1  and  phase 2  MBCTS scores decreased  

significantly in the intervention group (all comparisons p<0.001), when analyzed either on a per-protocol 

or on an intention-to-treat basis.   
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(biomechanical and physiological)  (force exertion)  
(duration and repetitiveness) (working  posture)  

(arm, hand, wrist posture, movement  and  

orientation)  (push/pull  and  lifting  force)  
(hand  physiology  and  anthropometry)  
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(tool weight)   
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(power  grip or  precision  grip)  (force  

and  pressure  on  hand)  (grip, handle  
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surface, grove  and  indentation, and  guard)7  
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 3.1.1  
 

(sensory receptor) 
1 

 (free nerve ending) 

/
(bradykinin), (histamine) 

  (threshold) 
(impulse) 

-
-

(sharp pain) (pricking pain) 3-20 /
0.5-2 /

(dull pain) (burning pain) 
 

 

 

 

 

 

 

 

 

 

 

 

    

    H =   Hypothalamus 

    DT =   Dorsal thalamus 

    MT =   Medial thalamus 

    LS =   Lymbic system 
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    RF =   Reticular formation 

    1.9   ( Bonica JJ. Introduction 

: Pathophysiology of pain. In. Current concepts in postoperative pain. New York  : H.P. Publishing 

Inc., 1978 : 8, 10  , 20) 
 dorsal horn 

(synape) substantia gelationsa 

(neurotransmitter) substance P substance P  substantia 

gelatinosa ventral horn 
lateral spinothalamic tract 2 

 

 1) Neospinothalamic tract -
dorsal thalamus 

(sensory cortex) 
 

 2) Paleospinothalamic tract 
reticular formation, medial thalamus, hypothalamus, limbic system forntal cortex 

 

 (ascending fiber) 
(descending 

fiber) 

(cerebral cortex) (mid brain) 
dorsal horn descending control 

system8 

 

 

 3.1.2  (Gate control theory) 8  

 . . 2508 Melzack  Wall (
 4) 



  

 

 

13 

 

      
    L =   

    S =   

    SG =   

    T =  

    + =  

    - =  

   1.10   

  (  Melzack R., Wall PD. Pain mechanism : A new theory. Science, 1965 : 150  

975. , 26)   
 

 1) (gate control system) 
 substantia gelatinosa 2 

2 

 

 

 2) 2 
(central control system) 
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dorsal column pathway 
 

 3) Transmission (T) cell 

 

 . .  2510 Melzack Casey 

 3 ( 5)  

 
 
 
 

 

 

  

  

  

   1.11  
  ( Jocox AK. Pain : A source book for nurses and other health 

professionals. Boston : Little Brown Co., 1977 : 16  , 28) 
 

 1) (sensory-discriminative system) 

 neospinothalamic 

tract  dorsal thalamus sensory cortex 

 2)  (motivational affective system) 

paleospinothalamic tract medial thalamus, 

reticular formation, hypothalamus, limbic system  frontal cortex 
 

 3) (central control system) 

 

Central Control Processes 

Motovational Affective 

Processing 
Motor 

Mechanisms 

Sensory Discriminitive 

Processing 

Gate 

Control    T 

System 

L 

S 

Input 
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 3 

(motor system) 
 

  

 -  dorsal horn (laminar) 5 2 
 substantia gelatinosa 3 4 5 

 2 2 
 

 -  
dorsal horn 

(transmission [T] cell) substantia 

gelatinosa (S.G. cell) (inhibitory neuron) 
T  S.G.  S.G. 

T T 
T 

 -  reticular formation limbic system 

 

 
 

 -  

 

 - neuralgia 

S.G. 
S.G.  
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  3.1.3  (Endogenous pain control theory) 8  

        . . 2516 Pert  Synder opiate receptor 
. . 2518 Hughes 

(endogenous opiate) 

. . 2520 
Jessell Iversen 

2 enkephalin substance p. 5 
substance P. dorsal horn 

 substance gelatinosa enkephalin  substance P. 

 T-cell enkephalin 
substance P substance P.  T-cell 

(endogenous pain control theory) 
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    Enk =   Enkephalin 

    DC =  Dorsal  column 

    DI =  Descending inhibitory axons 

    SP =  Substance P. 

  1.12  (Bowsher D. Pain pathways 

and mechanisms. Anesthesia, 1978; 33 : 94  , 32) 
 

 

opiate receptors 
(pain neurotransmitter) 5 

3 

enkephalin, endorphin dynorphin polypeptides 
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 Enkephalin   
(neurotransmitter) (enzyme) 

  
  limbic  system, periaqueductal 

gray matter, trigeminal spinal nucleus substantia gelatinosa 
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    E =  Endogenous opiates 

    M =  Morphine 

    T =  Pain Transmitter 

   1.13  (
Meinhart NT, McCaffery M. Pain : A nursing approach to assessment and analysis. Norwalk : 

Appleton  Century  Crofts, 1983 : 64  , 34) 
 

- endorphin (neuromodulator)   

10 
2-3 hypothalamus, thalamus, 

endorphin 

endorphine  

-  dynorphin  endorphin 50  
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4.  
 

 (questionnaires)  (wrist and hand) 
(carpal  tunnel  syndrome) 

  

(motor behavior) (vocal  behavior)  
(affective behavior)  

    

 

   
  

  

1.  (verbal  descriptive  scale) 
 5   9   

 
  

 

2.  (visual  analogue  pain  rating  scales)  
E.C. Huskisson  

10  

 

 

3. Dawnie  E.C. Huskisson  
10    

     0      1      2      3      4       5      6       7      8       9      10 

 

 

  

No Pain Mild Pain Moderate Pain  Severe Pain  
Worst Pain  

Possible 
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4. (categorical  scale) 4 
11     

 

None (0) Mild (1-3) Moderate (4-6) Severe (7-10) 
 

 Short-Form McGill Questionnaire  

Boston  carpal  tunnel  questionnaires  

2   Short-Form 

McGill Questionnaire    Short-Form McGil 

Questionnaire  internal consistency inter-rater 

3 99 
12  Boston  carpal  tunnel  questionnaires  

Boston  

carpal  tunnel  questionnaires  
carpal  tunnel  syndrome   

carpal  tunnel  syndrome 13  
2  

 1. Short-Form McGill Questionnaire   
15 

4 12   
  -  /     0   

  -  / ( )  1   

  -  /  ( ) 2   

  -  / ( )   3    

  visual  analogue   scales (VAS) 
scales  
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  6  

  -  0  

  -  1  

  -  2  

  -  3  

  -  4  

  -  5 
2. Boston  carpal  tunnel  questionnaires carpal  tunnel  

syndrome14 11  

1.  

2. 2   

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  2 
 

11. 
 

 1, 3, 5, 6, 7, 8, 9, 11   

- No difficulty  1  
- Little  difficulty    2   

- Moderate difficulty   3  
- Intense  difficulty  4   

- Severe  difficulty  5  
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2, 4, 10 1-
5   8 

( , 
)  

 

- No difficulty     1  
- Little  difficulty      2   

- Moderate difficulty      3   

- Intense  difficulty    4   

- Cannot  perform activity  at  all due 

   To hands  and  wrist  symptoms 5   

  Boston  carpal  tunnel  questionnaires  
(Questionnaires)   

  carpal  tunnel  syndrome  1 
1 2 3 

  1-5 
 (questionnaires) 

 
 

5.   (carpal  tunnel  syndrome)  
 median  carpal  tunnel  (transverse  

carpal  ligament)  
atrophy  thenar  area     
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 1.14  median  
 ( From Doyle  J.R, Francisco S., Carroll R.E, The  Carpal  Tunnel  Syndrome : the Review 

of  100 Patients  Treated Surgically. California medicine. October ; 1963. p 265.) 
 

  idiopathic carpal tunnel syndrome  fibres  
median  5, 6, 7, 8  
median  carpal  tunnel carpal  tunnel (transverse carpal  ligament)  

 median carpal  tunnel  syndrome16  
(idiopathic carpal tunnel syndrome)   

repetitive  mechanical  stress  

carpal tunnel  syndrome4  
median 

  repetitive  macrophages transverse carpal  ligament  
median 2 fibrosis 

work-related  carpal  tunnel  syndrome17 
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median  ( )  
4  

  

 1. Phalen, test  2 
( median)  

60 carpal  tunnel  syndrome4 

                                                     
             1.15  Phalen, test 

 2. Tinel, test median  

median  median 4 

 

                                          
     1.16  Tinel, test 
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 3.  median  
median  thenar 

area  4  

   Phalen, test  Tinel, test  
carpal  tunnel  syndrome    

Gellman carpal  tunnel  syndrome   

Phalen, test  Tinel, test   

nerve  conduction  velocity  median  
4  

  
carpal  tunnel  syndrome4  

 
 

6. (Wrist  Posture Analysis) 
      6.1  Wrist  Posture 

     musculoskeletal  

disorder  

 

     

  1.17  2  Flexion 
extension  radial   ulnar  deviation (From  Armstrong T, 

Extreme 

extension 

Extreme 

flexion 

Extreme radial 

deviation 

Extreme ulnar 

deviation 
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gonomics. 2003 Jul 23. Available from : 

www.personal.engine.umich.edu/~tja/TaskForcePosture.pdf. Accessed  March 15, 2007.) 
 

 

 

 

 

 

1.1 (range of motion) (From  Armstrong T, Ebersole  

vailable from : 

www.personal.engine.umich.edu/~tja/TaskForcePosture.pdf. Accessed  March 15, 2007.) 
 

               

(range  of  motion) ulnar  deviation  

47+ 07 
musculosketal  disorder  

 (Biomechanics)  cumulative  

trauma  disorder  18    

ulnar  deviation   

Joint  Wrist Movement Range  Avg ± SD 

 Flexion 90±12 

 Extension 99±13 

 Radial  Deviation 27±9 

 Ulnar  Deviation  47±07 
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           1.18   

 
(dart  motion)  

extension  radial  deviation   flexion 

 ulnar  deviation  
extension flexion 

19  
 extension  radial  deviation ulnar  

deviation  flexion 
 

                            

ulnar  deviation 
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 1.19  ( From  Schmidt  H.M., Lanz  

U. Surgical  anatomy of  the hand. 2nd ed. Stuttgart: Library  of  congress in publication data; 

2003.p 66.)  
 

(transverse carpal  ligament)  
extension flexion ulnar  radial  deviation   20   

18   
cumulative  trauma  

disorder 

carpal  tunnel  syndrome  
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  1.20    

 (From  Global Ergonomic Technologies. Comparison  of  Postures from Pen and  Mouse Use. 1998 June 8.  

Available from: ftp://ftp.wacom-europe.com/white_papers/Ergo_study.pdf. Accessed March, 2007.)    
        

 
 1.2    (From  Global 

Ergonomic Technologies. Comparison  of  Postures from Pen and  Mouse Use. 1998 June 8.  

Available from: ftp://ftp.wacom-europe.com/white_papers/Ergo_study.pdf. Accessed March, 
2007.)  
   

(excessive  deviation)   30 % 

ulnar  deviation   12   
13 ulnar  deviation  37 

40 
 

 40  



  

 

 

30 

50  70 3   1.3 2  

 ulnar deviation 

  

                         
 1.21    

 

              

 1.22     
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1.21  
1.22 

 

7. (Hand  Tool  Design)   
     

 

1. ( )  
2.  

3. work-related  muscoskeletal  disorders (WRMSD)  
4. ( 9  ) 
5.   ( )     

22  
    7.1   

              

  5   

80 2  12 
carpal  tunnel  syndrome   

10   6022 

 

8.  

 2  

  8.1  Per Protocal  analysis (PP) efficacy analysis  
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PP  PP  22 

8.2  Principle of  intention-to-treat (ITT) 
ITT  

. . 1960  

ITT   

 1) 
 

 2) 
 

 

(type I error) 

 

8.1.1 2 (dichotomous outcome) 
(best case) (worst case) 

4  

1) (assume the best)  
2) (assume the 

worst)  
3) 

(best- case scenario for combination treatment) 
4) 

(worst - case scenario for combination treatment)   
1) 2) 
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3) 4) 

 

 8.1.1 (continuous  outcome) 

(baseline  evaluation) 

ITT  Last 

observative  carried  forward (LOCF)  
 LOCF 

8 

3 3 

( 8) 
 

Per Protocal  analysis (PP) intention-to-treat (ITT) 
information bias 22    

 

9.  

     carpal  tunnel  syndrome 

carpal  tunnel  

syndrome 

ulnar  deviation  ( repetition  force) 
(age-old age) 

(sex-female)  

   9.1   

         
1987  1995  

 carpal  tunnel  syndrome  27.3  
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 carpal  tunnel  syndrome   3.124 cumulative  

trauma  disorders  1985 1986  
20,750 cumulative  trauma  disorders  0.28 0.72  

OSHA   25  Katz 

J.N., et al  78 median  nerve  symptom  

Brigham and  Woman,s Hospital  Neurophysiology  Laboratory  

38  carpal  tunnel  syndrome   National  Institute  for  

Occupational  Safety  Health  (NIOSH)26   
  Rheumatoid  arthritis  34 

788  carpal  tunnel  syndrome  10 
 2 10  10.7  3.5 8.0 27   

1999 2000  804 
carpal  tunnel  syndrome   219 ( 27.2 )28  395  

Ricife   carpal  tunnel  

syndrome  0.2529   occupational  carpal  tunnel  syndrome (OCTS) 
1984  1988  OCTS   7,926   

30  carpal  tunnel  syndrome   US 1988  
1.55   2.65 170 31  

  300 carpal  

tunnel  syndrome   12  ( 0.04 )32   carpal  tunnel  

syndrome   carpal  

tunnel  syndrome   14.9  
22.4  2   

  

9.2    

          carpal  tunnel  syndrome   

0.6 3.4 33  

2.1  3.0  33  
Bhumental  S., et al  carpal  tunnel syndrome  
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FSS score p- value 0.00234  Franklin G.M., et al  
occupational   carpal  tunnel  syndrome (OCTS) 

30   carpal 

tunnel syndrome  US 198830 

9.3    

        carpal  tunnel  syndrome 
 carpal  tunnel  syndrome  

median  nerve  emtrapment  34  
1987 1989  

carpal  

tunnel  syndrome35 

9.4   
         repetition  force   rats  model  

repetition  forceful  movements  
36   

 

forceful repetitive tasks  work  related  musculoskeletal  disorders  

(WMSDs)37  model repetition hand  intensive  

movement  WMSDs  37 
carpal  tunnel  syndrome  250 

53  highly  repetitive 4 29  
high  level of  force  4 38 

         8.5  
       

 ulnar  deviation 

cumulative  trauma  disorders (CTDs)  
carpal  tunnel  syndrome   

50  70  cumulative  

trauma  disorders  3  

electromyography (EMG)  carpi  ulnaris 



  

 

 

36 

 ulnar  deviation   ulnar  deviation  

 20 25 
median 

39 musculoskeletal  disorders of  the upper  extremity  (UE-MSD)  

ulnar  deviation 
21  intracarpal  canal  pressure (ICCP)  

intracarpal  canal  pressure (ICCP)   
radial  ulnar  deviation    40 

8.6   

        
80 12 2 

10 6022  

  

41,42  

43 

  carpal  tunnel  syndrome   

22  WMSDs  
carpal  tunnel  syndrome   

44   
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1. 
ulnar deviation    

       
carpal tunnel  syndrome    

2. 
ulnar deviation    

       
carpal tunnel  syndrome    

3.   
 

   

ulnar deviation 

carpal tunnel  syndrome    
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 1. Carpal  tunnel  syndrome  median  

carpal  tunnel  transverse  carpal  ligament  

atrophy  thenar  area    

2. Transverse carpal  ligament  

collagen 

carpal  tunnel   
3. Ulnar  deviation     
4. Ergonomics    

5. Repetitive  forceful    

6. Intracarpal  canal  pressure (ICCP)    

7. (control  group)  carpal  tunnel  syndrome  

8. (experimental group)  carpal  tunnel  syndrome  

9. Electromyography  (EMG)   

10. Biomechanics  

45 

11. Tool  design   

12. Rubber  tapping   
13. Median   nerve    

14. 

ulnar deviation   
 



  

 

 

41 

 

 
      448 

 Phalen, test  Tinel, test   
   

 carpal  tunnel  syndrome   70  
   

  3  (Questionnaires) 
 carpal  tunnel  syndrome   (control group) 

(experimental group) (Diary)  carpal  tunnel  

syndrome  2  
 3   

 

    

1.  

2.  carpal  tunnel  syndrome   

3. carpal  tunnel  syndrome 
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2 
 

 
 

2.1  
Therapeutic  intervention  study  randomized  unblinded  controlled  trial  

46 carpal  tunnel  syndrome  2 

 carpal  tunnel  syndrome    
  (Questionnaires)   Boston  Carpal  

Tunnel  Questionnaire   
 carpal  tunnel  syndrome   

2   3  
 

2.2  (sampling  design) 
 2.2.1   

5 448 
carpal  tunnel   syndrome    Phalen, test  

Tinel, sign     

1.   

2. Phalen, test Tinel, sign  
( median)  60   
3.   

  carpal  tunnel  syndrome  
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1)  
2)  carpal  tunnel  syndrome  

  (Randomization)    
 

2.2.2    
47   

 

   
         

= carpal tunnel syndrome  ( Proportion 

of carpal tunnel syndrome in control group) = 1.0  
 = carpal tunnel syndrome (Proportion of 

carpal tunnel syndrome in experimental group) = 0.8  

                        (1.0+0.8)/2 = 0.9 

= = 0.05 power 80 percent. 1.96  

  = 0.84  

 

n  =  2 (0.9)(1-0.9) (1.96+0.84)2 

                                          (1.0-0.8)2 
= 0.18 (7.84) 
           0.04 

= 35.28  
35 70 

70 (Randomization)  
(simple random sampling) computer generated  2 
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 2.1 
 

  carpal tunnel syndrome 
 

 
(inform  consent) 

 

 
(Randomization) 

Control  group  Intervention  group  

1 
Evaluation 

1 
Evaluation 

Comparison 

Intervention  group  

2 
Evaluation 

Comparison 
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2.3    
2.3.1   

2    

1)   (control group)   

2)   (intervention  group)  

2.3.2    
1)  ( - ) 
2) carpal tunnel syndrome 
3) carpal tunnel syndrome  

4)  
 

2.4     
(Questionnaires)  carpal  tunnel  syndrome  

(control group) (experimental group) 
(Diary)  carpal  tunnel  syndrome  

  

  1 12    
    1 

 1  5      
       2, 4, 6, 7, 8, 9, 10, 12    

   - No   1  
   - Little     2   

   - Moderate      3   

   - Intense     4   

   - Severe    5   

 

3, 5, 11 1 5    
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2  11  

- No difficulty  1  
- Little  difficulty   2   

- Moderate difficulty   3   

- Intense  difficulty  4    

- Cannot  perform in the activity   

5   

 
 

2.5   
 1.  

 2.   carpal  tunnel  syndrome   

3. (Questionnaires) (Diary)  carpal  tunnel  

syndrome  

4. (control group) 
(intervention  group)  

5. (Training) (intervention  

group)  
7.  

8. 

9. 
 

2.6    
 SPSS  for  Window  Version 16.0  

  2.6.1 (Data  description)  
- discrete   (percentage)  95 % C.I. 

- contineuos   (Mean)   (S.D.)  

 -  
 -  
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 -  ( )  
- Pearson chi-square test dichotomous Unpaired t-test 

contineous  (independent)  ( baseline 
evaluation) randonmization    

 -  
 -  
 -  ( )  
 -  Outcomes carpal tunnel syndromes 

 2.6.2  (Hypothesis  testing)   

 - Per Protocal (PP) 
48 

- Intention to Treat (ITT)   

(last observation carried forward; LOCF) 48   

Per Protocal analysis (PP)  Intention to Treat (ITT)  

  1 (pararell experiment)  Unmatched pair  Unpaired 

t-test   Modified Boston carpal tunnel scores 

 0.05  
            2 (quasi - experiment) matched pair  paired t-

test  Modified Boston carpal tunnel  scores    

0.05  
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3 

 

 

 

 
 -

carpal tunnel syndrome  2 

(period)   period   3   

3.1   

3.2   

3.3  

3.1   

18 2549 

carpal  tunnel   syndrome  2, 3, 4,

5 4 8  448 

  Phalen, test  Tinel, sign  
carpal  tunnel   syndrome  97   

89 carpal  

tunnel   syndrome  15   
74 4 70 

  randomized  unblinded  controlled  trial  2  
(intervention  group)  (control  group)  2 (two 

interventions)  unblinded  randomized  controlled  trial 1st  intervention  period  Quasi 

experiment (before and after)  2nd intervention period   
  2 

3.1  
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CTS 

(n = 448) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

CTS 

(n = 351)

 

(n = 89)

 CTS 

(n = 74)

(n = 4)
  randomization 

(n = 70)

 
(n = 35)

1 

(n = 35)

3  

(n = 35)

2 

(n = 35)

 
- 2-4 (n = 3)  
- 1 (n = 9)  
- 2 (n = 4)  
- 1 (n = 1)  

17  

3  

(n = 18)

3  

(n = 16)

 
- 2-4 (n = 9)  
- 1 (n = 4)  
- 2 (n = 3)           
- 1 (n = 3)  

19 

 

 3.1 

CTS 
(n = 97)

 
(n=8 ) 

cts 

(n = 15 ) 
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3.2  

2  

3.2.1  ( baseline evaluation)   

3.2.2     

3.2.3   

3.2.4 drop-out  

3.2.1 ( baseline evaluation)   

 3.2.1.1    

  
  (intervention  group)  (control  group) 

3.1  
 

3.1 ( baseline evaluation)   

 Treatment 

(n=35) 
Control 

(n=35)  
p-value 

 (%) 
      (n, %) 
     (n, %) 

 

5 (14.3 %) 
30 (85.7 %) 

 

7 (20.0 %) 
28 (80.0 %) 

0.8a 

 ( ) (Mean ± S.D.) 49.8 ± 8.7 48.6 ± 8.3 0.6b 

( ) (Mean ± S.D.) 27.2± 6.6 26.1± 6.9 0.5b 

a= Pearson  Chi-Square test 

b = Unpaired t-test 
 

3.2.1.2   Modified Boston carpal tunnel scores 

 carpal  tunnel  

syndrome    1 (period)  
    

     (Intervention  group) 
 (Control  group) 3.2  
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3.2   ( baseline evaluation)  Modified Boston carpal tunnel 

scores  
 

 Score (Mean+S.D) p-value 

Modified BCTS Treatment 

(n = 35) 

Control 

(n = 35) 

 

 

1.7±0.6  

 

1.6±0.6 

 

0.3b 

 

 3.3±0.5  3.4±0.5  0.3 b 

  2.6±0.6  2.7±0.6  0.6 b 

  
2.6±0.6  

 

2.7±0.6  

 

0.3 b 

 

b = Unpaired t-test 
 

                              3.2.2    
 

                                                                        
         3.2 2  

 2  

(two period) 2 1  pararell 

2  cross  over  1 2   
1 

16 60 91 

20   2  
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21   60 

83  20  
 

3.2.3   

         3.2.3.1   1 (Period 1st Parallel randomized controlled  trial)  
         

   
       

carpal tunnel  syndrome   per protocol 
  intention  to- treat   

  

     
   carpal tunnel  syndrome   

per protocol   intention  to- treat 
Modified Boston carpal tunnel scores 
 3.3 3.4  
 

3.3 Modified Boston carpal tunnel scores  

per protocol (PP)  
 Score (Mean+S.D) p-value 

Modified BCTS Treatment 

(n = 18) 

Control 

(n = 35) 

 

 

3.8±0.6 

 

1.5±0.6 

 

<0.001 b 

 

 2.0±0.2 

 

3.6±0.7 

 

<0.001 b 

 

  1.9±0.2 2.9±0.8 <0.001 b 

  
1.1±0.3 

 

3.0±0.7 

 

<0.001 b 

 

b = Unpaired t-test 
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3.4  Modified Boston carpal tunnel scores  

  intention  to- treat (ITT)   
 Score (Mean+S.D) p-value 

Modified BCTS Treatment 

(n = 35) 

Control 

(n = 35) 

 

 

2.9±1.1 

 

1.5±0.6  

 

<0.001 b 

 

 2.5±0.6  

 

3.6±0.7 

 

<0.001 b 

 

  2.1±0.5  2.9±0.8  <0.001 b 

  
1.7±0.8 

 

3.0±0.7 

 

<0.001 b 

 

b = Unpaired t-test 
 

        3.2.3.2   2 (Period 2 nd Quasi experiment (before and after) 
         

    
    

carpal tunnel  syndrome   per protocol   intention  to- 

treat   
    

       
carpal tunnel  syndrome  per protocol  

 intention  to- treat Modified Boston carpal tunnel 

scores  3.5 3.6  
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 3.5  Modified Boston carpal tunnel scores 

per protocol (PP)  
 Score (Mean+S.D) p-value 

Modified BCTS Before 

(n = 16) 

After 

(n = 16) 

 

 

1.4±0.6  

 

3.6±0.6  

 

<0.001c   

 

 3.6±0.6 2.0±0.2  

 

<0.001 c   

 

  3.0±0.7  1.56±0.5 <0.001 c   

  
3.1±0.6  

 

1.5±0.5  

 

<0.001 c   

 

c = paired  t-test 
 

  3.6  Modified Boston carpal tunnel scores 

intention  to- treat (ITT) 
 Score (Mean+S.D) p-value 

Modified BCTS Before 

(n = 35) 

After 

(n = 35) 

 

 

1.5±0.6  

 

2.5±1.1 

 

<0.001c   

 

 3.6±0.7  

 

2.7±0.7  

 

<0.001 c   

 

  2.9±0.8  2.1±0.7 <0.001 c   

  
3.0±0.7  

 

2.1±0.8  

 

<0.001 c   

 

c = paired  t-test 
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3.2.4 drop-out  

 2  (two periods)  (drop-out) 
 1 (intervention group 1) 2 (intervention group 2) 2 (two 

periods) drop-out  complete course  

 2  3.7 3.8 
 

 3.7  drop-out   complete course  1 
 Score (Mean+S.D) p-value 

Modified BCTS drop-out 
 (n = 17) 

Complete course 
(n = 18) 

 

 

1.9±0.4 

 

3.8±0.6  

 

<0.001 b 

 

 3.1±0.4  

 

2.1±0.2 

 

<0.001 b 

 

  2.5±0.6  1.9±0.2  <0.001 b 

  
2.3±0.4 

 

1.1±0.3 

 

<0.001 b 

 

b = Unpaired t-test 
 

3.8  drop-out  complete course  2 
 Score (Mean+S.D) p-value 

Modified BCTS drop-out 
 (n = 19) 

Complete course 
(n = 16) 

 

 

1.6±0.6 

 

3.5±0.6  

 

<0.001 b 

 

 3.4±0.5  

 

2.1±0.3 

 

<0.001 b 

 

  2.6±0.6  2.0±0.0  <0.001 b 

  
2.6±0.6 

 

1.5±0.5 

 

<0.001 b 

 

b = Unpaired t-test 
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3.3  

           2 (Period)  1 (Period 1) 
pararell 2 (Period 2)  cross  over  

 3.3 
 

3.9   

  (%) 
1. ( / ) 23 64 

2. 10 28 

3. 2 5 

4. / 1 3 

36 100 

 

 
 

  

  15-30 

(drop-out) 
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    3.3   
 

   

   30 

  

(drop-out) 

  
               3.4   
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4 
 

 
 

 
  

1. carpal tunnel syndrome 

intention to treat    

2.   
  64  

 

 
  

2  (two period) drop - out 

 
  15 

 (follow up)  

ulnar deviation   

ulnar deviation  
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CTS3,39   

3  

drop- out  ITT  

LOCF  
48 ITT  

Hollis Campbell What is meant by intention to treat analysis? Survey of  published 

randomized controlled trial  . . 1997 

4 BMJ, Lancet, JAMA New England  Journal of  Medicine 

119 

25 75 

48  

  
Modified Boston carpal tunnel scores 

    

  MBCTS  

CTS   
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7  

ulnar deviation 
  

  
 ulnar 

deviation  (wrist flextion) 
  

(wrist flextion)  
 

Modified Boston carpal tunnel scores  
carpal tunnel syndrome 

CTS  You H., 

Kumar A., Young R. A ergonomic evaluation of manual Cleco plier designs: 

Effects of rubber grip, spring recoil, and worksurface angle 

2 rubber grip torsion spring 
electromyography (EMG), EMG 

 rubber grip 60 EMG 

grip span 14 cm grip force 220.5 N 

work-related musculoskeletal disorders 49 

 

  Hyunkook J.  The effect of dynamic wrist 

workloads on risks of carpal tunnel syndrome 

peak latency maximum wrist flexion, maximum range of motion 

cumulative exposure time   peak latency 
cumulative exposure time 
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30  sensory nerve peak latency (r=0.3715, p=0.005) 
peak latency  cumulative exposure time 

30 125 

sensory median nerve 

CTS   peak latency cumulative  time 

wrist angular deviation cumulative  time 

30 

nerve conduction CTS50   
Mogk  J.  An MRI based biomechanical 

model of the wrist and carpal tunnel  carpal tunnel  syndrome 

median nerve trauma / hydrostatic 

pressure   carpal tunnel  

carpal tunnel 

transverse carpal ligament surface 
carpal tunnel  

carpal tunnel  

wrist dimentions carpal tunnel  flextion 

extention 51  

Kim H. 

Psychophysical frequency at different forces and wrist posture of females for a drilling 

task maximum acceptable frequency (MAF)  
wrist flextion 

, , EMG 

MAF  maximum voluntary exertion 

(MVE) grip strength (GS) wrist flextion  
wrist flextion  

MVE  GS 
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MAF, MVE GS  
52  

Marley J. Psychophysical frequency at different wrist postures of female for a 

drilling task  maximum acceptable frequency (MAF)  
flextion 

transverse plane MAF 

,  , , EMG 
subjective rating static task 

 3 

1 3 maximum wrist flexion 2 3 

maximum ulnar deviation53    
Radu F. Grip strength and wrist load 

in office 

muscle activity 

keyboard 

EMG activity 

grip force forearm muscles 

activity  
CTS 

CTS 54   
 Willam P.Trougakos   The effect of wrist and forearm 

posture on muscle fatigue during a repetitive pinching task forearm 

posture  wrist flextion pinch strength 

 forearm pronation wrist extension 50 

linear envelope mean amplitude (AEMG) 

submaximal repetitive pinching intrinsic muscles 

forearm/ wrist posture 
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wrist flextion55  Sullivan M.  An ergonomic evaluation 

of the design and perfommance of four keyboard models and their relevance to carpal tunnel 

syndrome  keyboard 
keyboard 

vasospasm CTS 

keyboard 
56  

 Nancy I. 

  Mouse  wrist rests comparison and their relation with carpal tunnel syndrome (CTS) 
facter Mouse wrist rests 4 radial/ulnar deviation 

flexion/extension 58  

CTS   Coppieters  MW., Alshami  AM., 

Hodges PW.  An experimental pain model to investigate the specificity of the 

neurodynamic test for the median nerve in the differential diagnosis of hand symptoms 

median nerve 

8 

(P  .22) 
63  

   
CTS   Lincoln A.E. Vernick JS., Ogaitis  S.  

 Intervention for the primary prevention of  work-related carpal tunnel syndrome  

24 

CTS control 

confounders  

CTS 
65  
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 Subject CTS 

3 (period) 
Randomization  SPSS for Windows 

(external  validity) 
(error) (random)  

 2 

CTS CTS  

  CTS 

5  

selection bias Membership bias  

(Cohort  study)  
CTS 

 

   
(drop-out) 2 (two  period) 

non 

 respondent bias  drop - out 

outcome outcome 

2 information bias 

drop out 
intention to treat  (ITT) 48  
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confounder 

 
paracetamol 

MBCTS 

  
MBCTS 

  Subject CTS  
(screening) 
CTS Boston  carpal  

tunnel  questionnaires  14 

SUB.EC 51/367-004

carpal tunnel syndrome 

 
 

  
 1. 

carpal tunnel syndrome carpal tunnel syndrome  

carpal tunnel syndrome 



 

 

 66 

  
ulnar deviation carpal 

tunnel syndrome  

 2. 

(biomechanics)   
 2  

  

 3. 

 

 

 
1. 

  EMG   

2. 

  

 

3. cohort carpal tunnel 

syndrome  

4. 

bias 
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1 

 
1. (

20 )                                                                   
 1- 1-20 20 - 6.67 
 2- 21-40 6.67- 13.33  
 3- 41-60  
 4- 61-80  
 5- 80  
2.  

1- No difficulty   
2- Little  difficulty    
3- Moderate difficulty    
4- Intense  difficulty   
5- Severe  difficulty   
  

3.  
 1-  
 2- 1-2  
 3- 3-4  
 4- 5- 6  
 5-  6  
4.  

1- No difficulty   
2- Little  difficulty    
3- Moderate difficulty    
4- Intense  difficulty   
5- Severe  difficulty   

5. 
 

 1-  
 2- 1-2  
 3- 3-4  
 4- 4-5  
 5- 5  
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6.
 

 1-  
 2. 10  
 3- 11-30  
 4- 31-60  
 5-  
 
7.  

1- No dormancy   
2- Little  dormancy    
3- Moderate dormancy    
4- Intense  dormancy   
5- Severe  dormancy   

8.  
1- No  weakness   
2- Little  weakness    
3- Moderate  weakness    
4- Intense  weakness   

5- Severe  weakness    
9.  

1- No  tingling sensation   
2- Little  tingling sensation    
3- Moderate  tingling sensation      
4- Intense  tingling sensation      
5- Severe  tingling sensation      

10.
 

1- never   
2- Little      
3- Moderate    
4- Intense   
5- Severe   

11. 
 

 1-  
2-  
3- 2-3  
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4-3-4  
5-5  

12. 
 

1- No difficulty   
2- Little  difficulty    
3- Moderate difficulty    
4- Intense  difficulty   
5- Severe  difficulty  
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    1          2         3         4          5 
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     1         2          3        4          5 
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