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deformation caused by muscle degeneration among elderly people. Scoliosis can cause imbalance in 
the stress received by related ti ssues, muscle ache and fatigue, and chronic tendonitis of the neck 
and back muscles. Severe scoliosis can cause d egenerative spinal arthritis, increased incidence of 
bone spurs, produce a pain condition in the back and legs, causing m obility problems. Therefore, 
establishing an effective training system for spinal muscle activation is needed urgently. For muscle 
activation training, various scho lars have used electrom yography (EMG) to supplem ent the 
determination of muscle activation levels. In 1993, Dolan [1] used EMG to m easure and determine 
the positive correlation between spine anteflexion angles and er ector spine activ ation. In 2000, 
Larivière [2] proposed the m uscle activation difference after chronic back pa in sufferers received 
lateral bending training. In 2001, Konrad [3] stim ulated muscle nerves to determ ine effective 
training methods for muscle activation. In 2013, Sa ntos [4] investigated the differences in the 
muscle activation levels of wom en with and wit hout chronic back pain during different sports 
training activity models. Dolan [ 1] determined that spine anteflexion  angles and erector sp ine 
activation were related. As spine anteflexion ang les increase, the epidermis a lso extends. Thus, we 
assumed that the extens ion of the ep idermis has a positive correlation with muscle activation and 
used the changes in r esistance values to determine muscle activation levels. We developed a 
flexible strain sensor module that can be used for spinal muscle activation training, and analysed the 
relationship between changes in resis tance and epidermal length detected by the sensor during the 
training process. The data  was used to estab lish an ef fective training system for spinal muscle 
activation, and the system was expected to generate appropriate stimulations of spinal nerves and 
activations of muscles around the vertebra. 

2. Research Methods 

     The research methods comprised three steps: (1 ) fabrication of flexible strain sensor array; (2) 
epidermis strain testing during spinal muscle training; (3) Analysis of the relationship between the  
resistance variation of sensor and epidermis strain. For the f lexible sensor fabricated in this s tudy, 
artificial skin (commercial Hartmann Hydrocoll) that consists mainly of hydrophi lic colloids and 
adhesive polymers was used as the substrate. The flexible sensor was fabricated by sputtering a thin 
film of silver on the s ubstrate. The parameter settings of the radio f requency (RF) sputtering 
machine are shown in Tables 1 and 2. Alum inium was first coated as an interlayer on the substrate 
to increase the adhesiveness between the electrode layer and the substrate. Subsequently, silver was 
coated as the electrode layer. The size and d imensions of the sensor are shown in Table 3. F ig. 1 is 
the graphs of a flexible strain sensor, where 1.(a) represents the flexible sensor with original length 
and 1.(b) represents the flexible sensor stre tched until reaching 12.5 % strain. Fig. 2 shows the 
training of stiff-leg deadlifts on a roman chair.  

 

Table 1. Parameter settings for RF sputtering of the intermediate layer 
Target material Al 

Power 50 W 

Sputter time 30 min 



Figure 1

Figure

 

3. Result a

     The flex
Fig. 3 show

Proc

Environm

Table 2
Targe

P

Spu

Proc

Environm

L

W

Substra

Senso

1. (a) Flexib

e 2. Stiff-leg

and Discuss

xible senso
ws the res i

cess stress 

ment tempera

2. Paramete
et material 

Power 

utter time 

cess stress 

ment tempera

Length 

Width 

ate thicknes

or thickness

ble sensor w

g deadlift tra

sion 

or fabricated
istance vari

ature 

er settings fo

ature 

Table 3. S

ss 

with original

aining on a 

d in this s tu
ation of fi v

 

or the RF sp

 
Size of flexi

 

l length; (b)

 

roman chai

udy was pre
ve time rom

1.8 × 10-2

27 °C

puttering of
Ag

50 W

30 mi

1.8 × 10-2

27 °C

ble sensors
40 mm

25 mm

0.35 m

0.3516 m

) flexible se

ir: (a) prepa

eliminarily 
man chair t e

2 Torr 

C 

f the electrod

W 

in 

2 Torr 

C 

m 

m 

mm 

mm 

nsors exten

 

aration postu

used for tra
ests measur

de layer 

 

nded to 12.5

ure; (b) flex

raining spin
red by the s

5% strain. 

xion. [5] 

nal muscles.
sensor. The

. 
e 



Kinesio tap
shows the 
and each K
epidermis 
shows the 
dorsi epide
shows the
epidermis 
epidermis 
developing
spinal mus

Figure 4. 

pe is used t
sixty detect

Kinesio tape
strain durin
fifteen dete

ermis. Fig. 
 relationsh
in length du
will induce

g in th is re
scle. 

Fig

(a) Kinesio 

to find out 
ting positio
e is with wi
ng stiff-leg 
ecting posit
5(b) shows
ip between
uring the sti
e the large 
search is e

gure 3. Five

Tape on tra

the strain v
ons on the t r
idth 2.5cm,
deadlift tra
tions of ep i
s resistance 
n the resist
iff-leg dead
resistance 
xpectable t

e time roma

apezius, ere
the e

variation du
rapezius, er
, length 4cm
aining, and 
idermis on 
variance of

tance varian
dlift training
variety of 

to achieve t

an chair test

 

ector spinae
epidermis st

 

uring the st
rector spina
m. Then, fle
the results 
the trapeziu
f the flexib
nce of the 

g. It shows t
sensor. The
the appropr

ts measured

, and latissi
train. 

iff-leg dead
e, and latiss
exible rule i
are shown 
us, erector 
le sensor ar
sensor and

that the larg
erefore, the 
riate effects

d by the sens

mus dorsi e

dlift training
simus dorsi
is used to m
in Fig. 4(b
spinae, and
rray. Fig. 4
d the cha n

ge length va
e flexible st
s for t he ac

 

sor. 

 

epidermis; (

g. Fig. 4(a)
i epidermis,
measure the
b). Fig. 5(a)
d latissimus
4 and Fig. 5
nges of th e
ariety of the
train sensor
ctivation of

b) graph of 

) 
, 
e 
) 
s 
5 
e 
e 
r 
f 

f



Figure 5

4. Conclus

We inte
process to 
the muscu
Roman ch
reproducib
sensors ca
movement
is beneficia
system ena
spine. 

Acknowle

We are 
and NSYS
successful 

Reference

1. Dolan
gener
Biome

2. Larivi
betwe
bendin

3. Konra
Exerc

4. Santo
Low B
Thera

5. Passio

5. (a) Fiftee

sions 

egrated flex
analyse the
lar epiderm

hair spinal h
bility of this
an be used 
s are accura
al for the es
ables users t

dgments 

grateful fo
SU-KMU JO

completion

es 

n, P.; Adam
ation in t h
echanics 19
ière, C.; G
een subjects
ng tasks. Jo
ad, P.; Schm
cises.  Journ
os, F.G.; Ca
Back Pain i

apy Science 
on4professi

n  flexible s

xible sensor
e relationshi

mis. A posi t
hyperextens
s sensor ar r

to effectiv
ate. Thus, th
stablishmen
to effective

r the fundi
OINT RESE
n of this proj

ms, M.A. 
he erector s
993, 26, 513
Gagnon, D.;
s with and w
ournal of El
mitz, K.; Den
nal of Athlet
armo, C.M.;
in Women: 
2013, 25, 1
on.http://ww

sensor array

r arrays pro
ips between
tive correla
sion and m
ray module
vely judge 
his study es
nt of an effe
ly stimulate

ng from th
EARCH PR
ject.  

The relatio
spinae mus
3–522.  
; Loisel, P
without chro
lectromyogr
nner, A. Ne
tic Training
; Fracini, A
Muscle Ac

1569–1573. 
ww.passion

y.; (b) Resis

oduced for
n changes in
ation exists 

muscle activ
e in five tim

whether R
stablished a 
ective traini
e spinal ner

he National 
ROJECT, #

onship betw
cles during

P. The co m
onic low ba
raphy and K
euromuscula
g 2001, 36, 1
A.C.; Pereir
ctivation du
 

n4profession

stance varian

r this study
n resistance
between th

vation level
mes. The c h
Roman chai

spinal mus
ing system 
ves and act

Science Co
#NSYSUKM

ween emg
g bending a

mparison of 
ack pain dur
Kinesiology 
ar Evaluatio
109–118. 
ra, R.R.P; T
uring Task P

n.net/. 

nce of the f

y into the  s
e and the ch
he strain of
s. Furtherm

hanges in r e
ir spinal hy
cle activatio
for spinal m
ivate the mu

ouncil (NSC
MU103-P02

activity a
and lifting 

trunk mus
ring flexion
2000, 10, 7

on of Trunk-

Takara, K.S
Performanc

 
flexible sens

spinal musc
hanges in th
f the epide r
more, we e x
esistance m
yperextensi
on training 
muscle activ

muscles surro

C102-2221
27), which e

and extenso
activities. 

scles EMG
n–extension
79–91.  
-Training 

S.; Tanaka, 
ce. Journal 

sor array. 

cle training
he length of
rmis during
xplored the

measured by
on training
system that

vation. This
ounding the

-E-110-052
enabled the

or moment
Journal of

G activation
n and lateral

C. Chronic
of Physical

g 
f 
g 
e 
y 
g 
t 
s 
e 

2 
e 

t 
f 

n 
l 

c 
l 


