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Abstract

In this study, the circular friction massage technique was performed on the trapezius, the levator scapulae, and the deltoid muscles to collect
the information on massage pressures and positions, and thus to utilize it in professional massage system design. Massage motion was
measured with the 3-D motion capture system and finger pressures were simultaneously obtained with grip sensors. Massage motions,
pressure patterns, and pressure times were different on each muscle, and the motion trajectory was similar to the ellipsoidal shape. The
trapezius had higher pressure, longer massage time, and larger impulse than other muscles. These results could be useful to design a massage
system based on biomechanical analysis. In order to improve massage effect, it is also strongly recommended that the tip of the system be
similar with that of a human thumb in shape and material.
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Fig. 1. Experiment Setting with Grip Sensor and Markers
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Table 1, Name and Position for the marker set

Abbreviation Full Name Position
c7 7th Cervical vertebrae Spinous process of the 7th cervical vertebrae
T10 10th thoracic vertebrae Spinous Process of the 10th thoracic vertebrae
CLAV Clavicle Jugular notch where the clavicles meet the sternum
LSHO Left shoulder Placed on the acromioclavicular joint
LUPA Left upper arm marker Place on the upper arm between the elbow and shoulder markers
RSHO Right shoulder Placed on the acromioclavicular joint
RUPA Right upper arm marker Place on the upper arm between the elbow and shoulder markers
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Table 2, Mean and standard deviation of massage pressure for each massage points Press Area : 2.56 cm’
Trapezius Levator Scapulae Anterior Delfoid Middle Deltoid Posterior Deltoid
Press Release Press Release Press Release Press Release Press Release
Mean (kPa) 124.52 70.40 74.53 22.44 82.15 48.53 75.66 44.55 76.98 48.70
S.D. (kPa) 19.55 28.31 11.06 4.51 5.34 8.70 6.68 5.01 4.22 7.50
Mean (N) 31.87 18.02 19.07 5.74 21.02 12.42 19.36 11.40 19.70 12.46
S.D. (N) 5.00 7.24 2.83 1.15 1.37 2.23 1.71 1.28 1.08 1.92
B3, 2918 0l Tleel B A e
Table 3, Statistical results of massage pressure for each massage points Tukey HSD
Trapezius Levator Scapulae Anterior Deltoid Middle Deltoid
L. Scap. A. Delt. M. Delt. P. Delt. A. Delt. M. Delt. P. Delt. M. Delt P. Delt. P. Delt.
p—value 0.006 0.221 0.011 0.023 0.716 1.000 0.994 0.819 0.912 0.999

¥ The mean difference is significant at the 0.05 level.
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Fig. 2. Marker trajectories in circular friction massage
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Table 4, Dimensions of Long-axis and short-axis of trajectories of each massage points
Trapezius Levator Scapulae Anterior Deltoid Middle Deltoid Posterior Deltoid
Long—axis Short—axis Long—axis Short—axis Long—axis Short—axis Long—axis Short—axis Long—axis Short—axis
Mean (mm) 12.0 9.0 14.0 13.7 12.8 11.0 6.5 4.9 8.2 6.6
S.D. (mm) 2.3 1.3 1.1 1.2 2.4 3.1 1.3 2.1 1.0 1.7
Ratio (T/L) 1.32 1.02 1.16 1.33 1.25
¥ Measurement tolerance of camera : £0.05 mm
B 5, 79/ 0fAK] SEEe| 712 nt 7120A|Z1of| CH B AR A
Table 5. Relationship between pressure and time of each massage points
Trapezius Levator Scapulae Anterior Deltoid Middle Deltoid Posterior Deltoid
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Pressure (kPa) 124.52 19.55 74.53 11.06 82.15 5.34 75.66 6.68 76.98 4.22
Time (sec) 1.18 0.32 0.73 0.11 0.91 0.04 0.80 0.07 0.75 0.05
Ratio (P/T) 105.53 102.10 90.27 94.58 102.64

¥ R—square=0.9302
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Table 6, Impulse analysis of each massage point

Trapezius Levator Scapulae Anterior Deltoid Middle Deltoid Posterior Deltoid

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Impulse (Ns)  31.33 9.54 9.76 2.42 15.49 1.97 12.59 1.99 12.23 0.95
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Fig. 3. Massage Press Points, Levator scapulae(a), Trapezius(b), Deltoid(c)
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