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Trial of continuous tension monitoring in a clinical setting
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Abstract

We investigated the clinical use of a continuous tension monitoring device, focusing on the bilateral symmetry
of distribution of tension and changes in muscle tension associated with joint exercise. The subject was a 45-year-
old man suspected of having left lateral epicondylitis, but who showed no definite positive response to pain provocation.
The stiffness monitoring device consisted of IMC-1225, NI ¢DAQ-9174+NI 9215, and CF-SX3 components. The af
fected muscles (extensor carpi radialis longus) and control muscles (the common digital extensor, flexor carpi radialis,
and tibialis anterior) were measured at 13-15 points in neutral position, as well as at bilateral locations in
dorsiflexion and palmar flexion positions, to determine static and dynamic loads in affected muscles. The distribution
of tension in the neutral, dorsiflexed, and palmar flexed positions was bilaterally symmetrical in the control muscles.
In the affected muscles, the distribution in the dorsiflexed position was not bilaterally symmetrical. On dynamic
testing, there were changes in the values in both the tensed and relaxed directions in the dorsiflexed position.
Muscle tension at 4, 5, and 6 cm distal to the lateral epicondyle was significantly increased in the affected area
compared with the control area. Observation of bilateral symmetrical distribution of tension provides medical
information for patients who lack a definite positive response to manual testing. The results of the present study
suggest that dynamic measurement may be useful in screening to determine evaluation points for tension and to
monitor treatment effects. However, there are still problems such as changing patterns and the effects of the
power required by the measuring device, which require further study.

Keywords : Stiffness, Distribution of Tension, Bilaterally Symmetrical, Dynamic Measurement, Lateral Epicondylitis

£



1. [FLBHIC

AR S SRV 2 8B Oo—>Th 5l
I, FEIE AT 5 BEREmOMY, S - k5
A i e R, RS SO E ., BENKRE T B
BEO A - SRS EOEHM S 57, RERORISTE
TIRREAERE L, R bAE~ v ¥ — VEEZOY
BRIH CIRR DRFESRAL 2 RIH 3 2 SR b APE= v
Y= VIEERE TR, 0 5ED « S SO s
WA OERAE W iR « SIRZ2HET 2 LoficER
LTWwWa,

InFTlic, FEEE F OMAEBELET 260 S5
RS L TR S ORISR & ZLENA I LY, Bk
O « IR Z LGP EETH 3 &7 P, Hidk
D HRE AR & O LHRRI I & D miEic Bl
N5 EEMRLTELY, RO G2Vl
SOMERE T RAERITH O R T 2B E L CllTEH %
R~ =M E MO TNtk 2o E L, £ DRIC
ERAEIVE2 =5 IC AL CliBILd 2, TDbH,
—EOKRMATEST 2 T EMNRAETH - 72, BEFEOMHL -
Fth PR L S 0 HTER & ORE BT 5121,
R T2 SE T 2T AL o SR HAE O SV B s s
METH B EFZZ, TETRE EGHNH O S 318 &
PKAEFRT 2 v 27 L Z2BFE L. £ OMREFFI 21T -
720, LT, BERC BT 2 Hm2lET 527000
HISE T ARINGE 72 & O—E OIREEFER P INEE T b 5 729
HEFEEZ S 5 & THIRENR L35 & 3RS F
HE SHEE ORISR T 2 eI METH 5 T &
bt

—h7T. InE TORLAGHIC X 24 KOBE S BT
EN (DFIE ST 13 Ot & AR & O FRERE 2 I s 5
LR, QBYEPE O OHRIIES O A7 T
T BT EWEY RS TS, DM, HEEIC KL -
TR O LA DR OFIR/ NS v ZBHET S W A |E
AR EIEIC & 2 M ild 37575 o fe s RMS [ X7 B
WIEFRIEDSGR D & N 5 W BRE ~ DRI AL 22D
BRI N Lo EN IR EDIREDD B,

oo RERE A, BRKICBT 5 [HEeE s iiE ]
DiEMEZEEICPES iR 2 S S D e 72108
H LT L 7,

2. B &

21 BIAEYRTLDOERERE

YA A (K1 E) A HES IMC-1225 B (oo
BWERT), NIcDAQ-9174+N19215 (National instruments).
N—y FavEa—2% CF-SX3 (Panasonic) THERK
L. 787 5 413 LabVIEW2014 (National instruments)
THEUWEL 7o, WSREDHFIR IR b s TREYN i,
TRIEFE DHAS —E D IsT) 2 52 A o IE fulEl o & i

g

Ko TS 2HET 2 HHEBIEICES &, JIE LD
PR 13N R TR AN S B Filih & BN R L. B X
O fili (3 FEfh IR A et G I L S TRBIRI AS 10mm B #) 4
Ao FihoBEEHO 105 LTwd (K1 F), #
fi A B R 1 28R 1omm. N 12mm TH O . FihiE
B bmm Th 5, HSEREFEMHMOENES 7 ) v
TR 100Hz THS L7z iE &, =2 & L TR
U e e R LB 2 O 72,

NI cDAQ-9174
+NI9215

IMC-1225%

«—> 12
PE——— |1

1 BIAEYRTLDERERE

<> 5mm

2.2 x3% &AL

AR, AROERIZHD [7- (Hfax)] <
T HAiD O 22 LIg M AR 258 . A O AL
MWED STV E FREMSHRGE L T B 14 (45 75%)
& Ufco S HIER DR E O BUE 3 M o thig i 7
Z b (—). Thomsen X% (—). chair test (£). L
B A EEER R (—) . BREAFRMG O /R (+
KENEHE AL L) Th -1,

TE I FEERD &5 A O N KB TARH S o fil i g
i ofafRR. BEAITFRER. BIREHIC >\ TiT - 72
T & o ZHRIERAL 3 A i A O BRI TAR A & K& F5
T R E A _ BB S FE YA Tem 1 13 fi 1
i PR o B R TR A < 13 R PRI s S i
% lem #1213 fi. THRRTI O BIEH < 3R (B
EPro g & 2icTE 2O BEES Vg & IRE L
EDOHDOIEA) @ Tem [ 6RO R 1em i
BREELE (K2,

2.3 #E (FIEES) BESATE

FGES O S ITE SEEAL THT O I TARE 7 135 B
fifi 30 BERE AR BT 40 EEIE B2 > 90 EE[RIZMAI T Hif
AT AL Fc e 2 A, Ao Al CBEQ AR
iy Rt (2B BEETNEEAL T 30 BEm . AFREET 90
e gh 2 90 BEEMIANAL . BN AIE 2L g4 3
A cllE Lic (K2, HIREIE NS YR F = 7%
H— bk 5040 (HAG) OIS EA2#E . KEIET 2 90 £



b & EGENIE 2 WK TIRH o 5 7200 OBl TR

frdh, MBS % 90 EEIEHR L 72 AL TIIE L7z IS 13
TN TFARKE 5 < & TEAET h RIAL & & KRR AL E%E%ﬁJﬂi
HG & Aada i < [ FBIETth AL & R IBAL, RS
BT EBAEI PN & R KNRERAIC> W T, 21
ZAENLA S ALAIE ST [ 2 - THRE L e,

STET e T 5 L ETRRSN D FEOEMNBTE O
W& (=7 s HmHoLAIEEIcER Ui,

EBERELEENS RITAE B #%
ERIFIRELS %ES&& 1cem#gs

BRIF R

RS EED S Keratmm
R % 1omEBIZ134

X2 RIEERRL & Bfr

2.4 B39 (BHERD) BSAIE
T EE A O e FAR( G O 1 & (3L < B BT N ERL
T 30 Bkl ATBAEN 90 Bk 2> 90 EERINAL T, Rl
A ASHL_L I Be 9 5 A o F-RAEI TR R AL 2> & JIE %
FEh Lt BYEREIIE O EREIE 0Bl 13 Ml o FIET
AN 2 W THIE L 7o
OFBAEi AL THEE O 1 EH LY Tic X 28 S JE %
TS TR, E 2R 5B m e 2 & ST i L 24 T
LY THARREA AR L - £ £ TRAET oS EENE (h
RN~ BRI ~TRIGD) 2 1EW - < b &fThbE 3F)
) (EYER) ESNEZSMERTHEML. 18 M
2 W CHEGETHRIE L 72
@OTHE SN EOEMEIED &, AL & RO
BRLDOEDNRKTH - 12 1 A2 HESRE Lz, T
HiPRINL CEE O 1 LY Cic X A S JEZTTO.
PR, ESR T 2 AE s LYy # LY
TrRREAHER; U /c & & FRSTYEEEEZ W - D &
ThoE 28 @ER) IS RIE % JEHE L 7o
@QORIEIT D WT, HSAIELS O LY TEHER L
feE & 2 BN HENE (PRI ~TIE AL~ R A~
JEAL~TRIALD) ZiTbhE 28K (EER) B & JE %
FhE L 72

3. # R
3.1 ®E (B WSAE

TRl 4 & ORTIEHE il O I8N & AL B 0 5 i
SMEOHEP I A THEETH O o8 S A5 3o

NIORAN) ﬁm%Tttoh@%ﬂm%®% (L OB & i
DEEP 3 FEE U7 - 7o s B S A0 13 R AL T FE
ﬁotoE%ﬂiﬁ@%mﬁﬁ%@é@m%@ﬁfﬁﬁ
i Ch) Lo bl CH) P, s amidls b
SRS = 72

= ] o™
B 11111 MMHHM
i MMMMMMM:Z i menwua

A

X3 #E) (BRILED) BES

3.2 B89 (BhfER) BIAIE

LREATEEND S 20 Ty 8y Yem D A THRIGL ()
SRR & AT (HIEER) OB EEAMK< 78D |
3\ dem O TEHERA (HNERD) TovEm< -7
(K4 1) AEMD 13 OB = JE TS i
5 24 3. 10cm O HTHMAM & © &AL K S il A
{12, 4~6cm DETRYTEMOIEESMENE L L &<
-7, Eljﬁiﬁ'fi& F’{i@% il&{JjﬁD 5 bem @,ﬁ/ﬁﬂi
LF L. TOHALD A O TR 1 B EEIEIC L 8
I E I O Hels T i3 A AN el L <, ZE AR VIR AE
pifEIc RIS N (K4 FN)o 2 RIEEEETE. Ml
JE f et R O I E S~ O EEFE S B Ic X - T
FEAELSOMEITBOTS 2 [\ H TREMAEL 75 - 7,

i LHHM i

A AN
i EHE
HWE

M4 REMFREGHOEE EfEE) ES

¢ﬁu~% JERI~RRE  BHEIRIE

P I

2E%E

4. & %

KHIESH © b 2 AaFE (i & B EH < (R & R AL
TlEBEDRE &l & 970 O LA FRE R S to s, B
(1R 7 (3 SRR AR HE 0 ch B RL CRE & 4345 28 A7 X R
2o tee THIGEEMTREMSRENR S EZ o 2 Kk
MR O ch 5 C S ICRFRT 2 EEZ 5N 5,



FREOIC X 2 O HHEE O S 09046 O A4 IERPRYE &
oA TR SIS ENE Y LT 2MEEFIELR
Vo [AHRE TR S IR PR @A FEDER & 0 & HEES
KEWTHEICENTE D, ABLICB W T bREE &
EAon b EBREMTFRMHOBTEA (IR <ith
FEXTHRIE S I25E 0 S e,

— RN I I & > THE 722 L3Eiks T3
EEHd 20, TDOE{LIINRETBHIc L > TR S,
FrrInE TOMIET, Filkdic &k 5 OB s 3oz
HrcBWTHC 828G EINMER IV T IRo ML I
BGEGENd B T &AM UL HiETT (S R 2 o b
BN S EFZ BREARIE L2, SlalofE R, T
BB WA EEEAL RN & IHERE) o ffiiE
EZEDEMAHE SN, HEZHD [72- 2] ickbE
Ulc &£ A 5N 2 50T O Bl AR 351 57 oIk
BBICh 5 &9 5 LIRIBIRGREEFIET A2 LI b, i
I X 2 HFEEZORD T XTOfTcREANLL VLD
My B DV ERWTARMEG OFE T8 N T DFEER
NSRS L2 & RRB 200 &, HIThABLE
Th b,

ARHE LT & » TE S A 5 1 & 3 RETH A o Bk >
Zoi < RO Uy fi 0 PR ZE AL SRR AR HE & B8R
W 2T BB 59 AW T IE T S S
EAVNS 78 A BIALSAE U TV B, 15O FEMIIHE &
Bix & DBAGRERE LiciERFIELZAESRE LTS
TENL, FOMORIESICE T AT S Z (LD IER & i
FFIc oW T biaatofkiniko 5 b,

B & TR B O BIE 5 2 W A « et
& AW R s & RTERICE-I G 2 72D I FEE L, 1
S o MR, BE. 2. ZMb. B, Ers s %
LR e LicdwEw S ike E %2 KT 2T
oS T, FRN, > —IHITER LI VWY, N
T AR CTREELEE T coE s ErsRETH 572
T <L FFICEHIASR Y 5TV B ERERIHAR D X 5
TR i SRS O A T A MR TH B T
Ed o, ZHEOFHN - WEAEPHALA LN TS, TD
Hik R EPEN A IMA B 5 & AELRE 2 INA
BENISH ST O 2MBICKBT A LN TES, &
55 RO EMIIIGE OBIZETH | ITHETIE MRIY
OGP 5 EAHWRINEENERE LTV 5,

WENORNE & HIFSIC B O TRAEERDOH A I
B E AL OFHITH O . HERBIES ©HIE R 2 HE 8
D3R MTHT BBW - IR FEEICRID B 1 tE
WERMTEZ 2 6D TRV, FE I S AIEZERERIC
BUIIEHZEDH BMEBED—DEF B EAHMEE LT,
MR D) WEPSE (54 ) WES il () 7)
WENEEZRKATW S, AFETEINT TITbN
TV 7B S WP OF AL — BRI A & I EBIEER
MLDFL D AAIAATE S D HBIT 7 4 VEZ V.
S S ICPETENEIC X AT S A(LBIE A KD IAL T & Tl

g

STEHREAMINEE, TNRAEROBEPIERICE T
LHOTORATH %,

ZORERE LT, —HITIRd 3 BERAREABR T
FOSAS 75 WRE BT 35 W C R ER T O I H 5 1 B & 434 0 I
WFRE, Wb W B LEAERD D, T O FBEEIEIC X
O S OZ LR DEWICHENS LA RET S
RSB NI, 2ROEHEETIRE S OIS <
155 R BR M S IZFEEIT & B [ E O b s &
Aoy L TT & AT 2 0 BT & i DT S 73 & DB
RoOME LR ZETAPEL TV LTV TIREIL
BEfiic & 2IEEEOEV bk % 2 SHBEEP LB H
IHThH b, L L. BRICEAELEDR/DATEL 12
Fex OWBEOWIFFER Y 2 ILUA S L Mg S OHIGEIC
& BT DG 2 SBW D H 155 FIEFIC &
BEALERIC S AMRISIEMRE 22 C EAfFa N 5,

5. VIS

B SE SR O 75 W TSR R, IR T 2 TR
SOLELDTBIM U S O & o B (3 i I
Froff S DO LEAEICRMEIN S T ENREBI NI,
F 7o, TS S5 OBIE LT S JIEH O D IASB D—
DOFFCIT B AR E R ST,

@

AR JSPS B E R I 9E C25460916 0 Bakic &
DFEREL 7o TH %,

X

1) BHEKE, ZRsE, S Minz"' &k
Ui oh s T itk - TSN BB ROK
BAIE & = 0 o R OBk Ic > W T | TRk
NS SRR R ¥ Be A7 40 J& 450 & Bim X5 D\
1999 . 20-37 EH

2) JNEHEMET TEEc>VT—EMZEoRZ BT %
S — ) TR HARAF2MEE] 26 36 &,
%15, 1986 4F, 36-41 H

3) AEFHE - REFE - ZIH5E - SBFENR - ook
[= v ¥ — VlEffric & 2 EEOE s 0% ] THAT
POREEFMEE] 56 10 &, 515, 1999 4, 10-16 H

4) ARIRE « A« REFE « M2 ARFOEE » B —F
(U2 ik DB BULIBE S 2 FEBEFIIFFE — SRR A
SRl > 2 7 A DOBAFE & T DIEH — | THRTERY]
951178, 535, 1995 4, 16-31 H

5 ARFEE - REFL MMZ2Eo BB LIcBEd 5 BN
WSS — i i2 s D F5 D EF 2 AT U 7o AR O B &
E— ) TEEAEFEAERTF] H36&, Hi45.
1998 & 1-16 H



b & EGENIE 2 WK TIRH o 5 7200 OBl TR

6) AHEFE [M2kicks I 2 S EROEE L] THG
PR ) B 21 5, 1997 HE. 25-49 H

T BEFE [EARREN S OFEALE BFE ] Ty 1 % 2
B = R L HEEE] SOBIM40, 25 2 &, 2016 4FE.
85-90 H

8) AEFEH - SFENR - kEET TBCD LTjomMs
DELGEEDOBR] TRET v 7 2 — 2 FEHEEE
(CEHERY)] #8486, 515, 2014 4, 55-58 H

9) AHRFEE - PERIC  PNEETAS « fPREF < LA
e [HREBICE ) 2880 Los vy — v D&
b T5 32 MHEAKRGE 2P EET. 2014 4.
26 H

10) BEEE [ S ERNE > = 7 2 0BT TS AESE)
XALFEE 19 MR ] ¥hiRsE. 2014 A, 40-41 H

11) ARFeiE » T [HERRA O S 4010 % mig &
LCERT M0~ 2 7 £ OBHFE~RBE L i)
Dt~ 5 64 MAmAEEAN  2HAWKR Y
FirRe S LERSESEL. 2016 4. 195 B

12) WhEETEIT « BT - AFEE « M — « RIEEK
[T A& I MR 8 | THRGERY) 5 27 &,
515, 2011 45, 39-45 H

13) BlEEE « SPEf - kT [ECh & oS
Dltiz s OB TER 7 v 7 2 — 2 FEMEEE
(HIERY)] #8&. 5 15, 2014 A, 55-58

14) HREHE - HHFEE « BIHE "« FdiE - 8% -
AR « LRI TR O£ I B T 2 IS & 18
OB M oE W | TIHBHEAEY ] 5633 5.
2003 4F, 51-59 H

15) AH5zRiE « D ORIEE « HORE [5EdsE ot —
RIS EBRAE & T O G AENIT TR — | TR
7o 7o — RFEHE (FERY)] #85,
915, 2014 45, 4144 H

16) LIASEA « #hi 2 RFNER « KILEE TR - JERE
BB B ST DO RS 1< K& 3 h R TG
PR ) 5518 5, 1993 HE. 55-58 H

17) HPF « pafg—i1k T4 4 + 3 v 7 EMG iG#8)~ 0
BRI OEE | [ AARBRT2ME] 548 5.
525, 1998 4, 105-119 H

18) WhEETE T « BT « AEEE « R — - RIGEK
[ 7 A& I S X 928 | THRGERY) 5 27 &,
915, 2011 45, 39-45 H

19) FEEEY - SlEE= [ oBid L HARBKR
2 2001 4F

20) Takahisa Yonezu. Shinichi Kogure "The effect
of low-level laser irradiation on muscle tension
and hardness compared”, LASER THERAPY Vol.
22 No. 3, 2013, 201-207.

21) Kothari, Simple F., et al. "Standardization of
Muscle Palpation-Methodological Considerations."
The Clinical journal of pain 30.2, 2014, 174-182.

22) Kimura, K., Watanabe, Y., Umeda, M., Arima,
Y., Watsuji, T., Shinohara, S. "Quantitative analysis
of the relation between soft tissue stiffness
palpated from the body surface and tissue
hemodynamics in the human forearm." Physiological
measurement 28.12 ,2007, 1495.

23) Morisada, Makoto, Kaoru Okada, and Kenji
Kawakita. "Quantitative analysis of muscle hardness
in tetanic contractions induced by electrical
stimulation in rats." European journal of applied
physiology 97.6 , 2006, 681-686.

24) Horikawa, M., et al. "Non-invasive measurement
method for hardness in muscular tissues." Medical
and Biological Engineering and Computing 31.6,
1993, 623-627.

25) Oflaz, H. A. K. A. N.,and O. N. D. E. R. Baran.
"A new medical device to measure a stiffness of
soft materials." Acta of Bioengineering and
Biomechanics 16.1, 2014.

26) Irie, T., H. Oka, and T. Yamamoto. "Measurement
of hardness of human skin with impact force."
Medical and Biological Engineering and Computing
32.2, 1994, 231-233.

27) Omata, Sadao. "Ground couplings and measurement
frequency ranges of vibration transducers." The
Journal of the Acoustical Society of America
73.6, 1983, 2187-2192.

28) HIERM, « FTNFIKE « sk B IEM [ TaggingMRI %
W 7 fA i 4 2 — v v 7o BIR ] TERIGH
SEEE S FREHER IR 55 59 %L 2010 £E, 93-93 H

29) Wang, Cong-Zhi, Tian-Jie Li, and Yong-Ping
Zheng. "Shear modulus estimation on vastus
intermedius of elderly and young females over
the entire range of isometric contraction." PloS
one 9.7 , 2014, ¢101769.

30) Chino, Kentaro, et al. "Reliability and validity
of quantifying absolute muscle hardness using
ultrasound elastography." PLoS One 7.9, 2012,
e45764.

31) Muraki, Satoshi, Kiyotaka Fukumoto, and Osamu
Fukuda. "Prediction of the muscle strength by
the muscle thickness and hardness using ultrasound
muscle hardness meter." SpringerPlus 2.1, 2013, 1.

32) Konrad, Andreas, and Markus Tilp. "Effects of
ballistic stretching training on the properties of
human muscle and tendon structures." Journal
of Applied Physiology 117.1, 2014, 29-35.





