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Influences of Massage Head Shape on Mechanical Responses of
Human Neck Tissues
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(1.School of Art, Design and Media, East China University of Science and Technology, Shanghai 200237,
China;2.School of Mechanical Engineering, Anhui University of Technology, Maanshan 243032, Anhui, China)

Abstract; Objective To evaluate the mechanical responses of human neck tissues under the influence of mas-
sage head by modeling and simulation, so as to provide guidance for the design of massage apparatus.
Methods Gray images of human tissues under application of message head were obtained through CT scanning,
and the three-dimensional (3D) model for these tissues was established with reverse engineering method. Chan-
ges in strain, stress and message force of muscles and cervical vertebrae under the application of message head
with the radius of 15 mm and 10 mm and pressed depth from 0 mm to 10 mm, as well as its damage and influence
to bones and tissues were analyzed by finite element method. Results When 15 mm-radius massage head
moved in depth of 6 mm and 7 mm, the maximum local stress was 3.0 MPa and 3.4 MPa, which was beyond
damage limit of the vein. In contrast, when 10 mm-radius massage head moved in depth of 6 mm and 7 mm, the
maximum local stress was 3.2 MPa and 3. 7 MPa, which was beyond damage limit of the vein. To derive 1 MPa
stress in cervical spine, the 15 mm- and 10-mm radius massage head should move in depth of 8 mm and 6 mm,
respectively. Conclusions To avoid the local tissue damages, the pressed depth of massage should not be
greater than 5 mm and 7 mm with the 10 mm- and 15 mm-radius message head, respectively. The message head
with a larger radius could produce a larger action range and a more moderate massage force.

Key words: massage apparatus; cervical spine; biomechanics
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Fig.1 Reconstructed model of human neck based on CT scanning
images (a)Back view of the cervical spine, (b) Left view of
the cervical spine, (¢ ) Front view of the cervical spine,
(d)Back view of the whole model, (e) Front view of the

whole model
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Fig.2 Finite element model of neck message ( including the cervi-
cal spine and muscle, without trachea) (a) Front view,

(b) Back view, (c) Top view
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Fig.3 Equivalent stress distributions under application of a 15 mm-
radius massage head (a) 6 mm-pressed depth, right view;
(b) 7 mm-pressed depth, right view; (c¢)8 mm-pressed depth,
right view; (d) 10 mm-pressed depth, right view; (e)7 mm-

pressed depth, top view; ()10 mm-pressed depth, top view

AR 10 mm P FEE Sk 76 A ) e AR BE 1 L
RSV RN 1 A3 A A TR 4 BT il 5 i g ol
(R IIN , AL AR A7 19 17 7 AR AR 1 3800, 28K fr 40 7 1%
R EN A LT, YR AREE/NT 5 mm B AR 1
FHEVEHER L Asgma AR5 /N, FEAR 1] DL 200 A
FRIEE 3 BA FHAE B R A AILIA L 1, SR e A
#3.2 MPa, MHEARE N 6 mm, JaiBic RN 138
JNE] 3.7 MPa, B 2588 T 8 ki B0 BRI, T R &
TR/ AE A, S BEHE FE TR N 10 mm B,
PR R KRN J1 M 6. 21 MPa, B 254 %} LA FiI
ML= A3 K405, o 31X — RS Al 43 BE Sk e i
FREEFEARIE/NT 5 mm A AIE, HE 8 mm, i

(a) [TEAS mm, G40 (b) FEA6 mm 541

(e) IEAN6 mmfifAE () JEA10 mm, {41

(d) JEAT0 mm, 41

B4 31210 mm RELAEA THERE N

Fig.4  Equivalent stress distributions under application of a
10 mm-radius massage head (a) 6 mm-pressed depth,
right view; (b) 7 mm-pressed depth, right view; (c)8 mm-
pressed depth, right view; (d) 10 mm-pressed depth, right
view; (e) 7 mm-pressed depth, top view; (f) 10 mm-pressed

depth, top view
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Fig.5 Curve of massage force and depressed depth of

message head
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