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Development of an educational program to support the improvement of muscle
palpation techniques
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For the purpose of developing the muscle nodule palpation simulator, we
conducted a survey to investigate specific values of muscle nodules recognized by manual physical
therapy practitioners and, Young’ s moduli of subcutaneous tissues and muscles under different loads

at the gluteal region calculated using ultrasonography. As a result, the typical muscle nodule
found in the buttocks by manual physical therapy practitioners was roughly the shape of a large
almond. Also, Young’ s moduli were successfully measured for subcutaneous and muscle tissues In a
large participant sample using ultrasonography and compression testing.



B X C—19, F—19—1, Z2—19 (@)

1. WHEBAR S DT 5=

TR RIEERE LR T 5 7-01201%, TOERBIFER THD N T—KRA v FORE
DRDPEZRD. ZOHFEE LT RNICZ AL D, EOEMOEFIIRS T, F
7o, BkAx RBBEREO DL L TS OWMIREN T OHEMEZ AT L LT LW FERE LT
22 LD N U H—RA > bOFHIIEEEMEICR T DRI E 72> TWD. ZOREERRT D
72912, BexIL MU T—RA 2 MEROEBHIFTR TH 5 palpable nodule (FiifE) OfiizeH;
WHEL B E LR (il I 21 —%) oA ED TX77-. LL, ilfEoE
TEBOMBANBEIREIZH D720 T, V2 2 b—X |[ZHOIADHIlGE T T VICE 2 5 & Fit s
WETE TR, £, VI a2 Lb—FX2EREBIED REK TR - HeTrvch s &
B EORFEIZ DWW T b, B A R 12 DT T D 28BS 3 T & i3 7en. £
7o, AN O 2 2T 572 OI2IE, BEE 02O 25 2 E BRI TH 5 03,
INERHAIT D AT AIFAFE LRV,

2. WHEOHM

TGRS R 2 L— X ICHDIADERS T T L O, K& X, J7h, HREERE, S I12R
T2 BARBY7ME & 4 OB ORI W T, SME 2B L, BICEEMO0T - BEt s
179, £72, BIER TR - T VICE 2 D _REERNEEZIRET D 72012, RN
BAaRBI, b MO L TR E BENENDIH—OTHREELZPAL Nt 52 LT, B
IRAME FICBITA VY Z7REFHNT D & & BT, FNENOEEEOMEEZH 50T 5.

3. WO HE

3— 1 FEFHEPRIEFEEE D L T D s oMtk

FEIRICHB W T B E AR 25800 R L LTWA LG LESIE LT v 77— Ml 2 %z
i U=, BINETEERE L 111 4, EEiEt 144, FeEsEnn 3 4, FoaBEr L 13 af
W OFEKE 2 4, HAE~ v — TR E XY AT OFERKE 3 4 DAF 133 4 (OF
YRS 29.9 £ 7.2 %, PHERKRBRER 6.1 £ 5.7 ) Thol-. 77— Mo Lo
RET, BIMBEDIRFER G L T SO, HEFEOR, K&, Hn, HEEE, X0 5
HHE L., £/, ®MBRFICHERORHERGEZHEE L THL D 27280, MlfENFET D EET
HINL A L Uie. MRS X3 CE W, MR L ZFET DD, BRI+ Eom%
EHRENKXZHMEE L TRBY, EHERMERN RS IS L 2 BB EZ T R REE TSN
s 2 ET 201 L T 5.

7o — NI BRI ERR S ERBE O T RICHE T BSOS EAEE L, SnE
\ZZ DFEIERS TR R E T HHEOZ VIR 2R L TH b\, ORI 0imEl %z, BHE
FANZxHT DRI BE LR LFESFRTHIW TS B o7z, Ei2, IR OWim O 2 fr
L, 555 &N OEE (BT 9 22 5JEIZ, Depth 1, Depth 2, Depth 3, Depth 4, Depth
5) OHFMNLIERNFAET IREZBIRL CHL b7, F2, ORI EZI Y A— FLVHE
AEOEMET, £, ERAOBEIZZN BB E L OWOLHTHELTH b o7,

4133 [IEMED 5 B, FHEAE OERELX S —FEE X OFRE THID L TR o 2o, £ O
XK E IDFFETE R BB, K%z 5D 5 EE LT R 2R /T D
[RIEHE7R &2 TR DRI Uiz, Tkt & LTk - 72 97 [RIZSHRICHE v TN T iR o
X O R#hE &R 2 E Lz, miEEICkT2RMEOE SN 1.5 fFUETH- 2K
DOWT, ORI RN OER TNV G O & NRIZMALDTEZEW b O L ICakE L.
EFE DR SIZHOWTHE, BIEICEH I N TWEWELEOR S OFEPMEE S 12 4 BfEicopl L
7o, RO REE, MR, BEX, SERE, o5 HAIZK o EwEH L.

3—2 BEEWERZICEVEE IR D80 FICk T 2 B TRk L O,
DY T HR

SE X, BEICRB A2 20-22 OB T RFAE 214 CFHEE 170.5 £ 4.5 cm,
SEYfRTE 60.8 £ 8.7 kg, EHJBMI 20.9 = 2.2) Tho7-.

Ao B iR 25 (NEMIO SSA-550A; Toshiba Medical Systems Corp., Japan) D7 ma—7>7
% 5| EHA BRI (SV-52NA; Imada Seisakusho Co., Ltd., Japan) \ZIEE7 —AZHWT,
EHMERDEHICEE L. Ta—T70KE L ORMHOmEAEIL 576 mm® (WXD, 48X 12 mm)
Thol. HIOFHANLE L TRINE DL OB 238N U=, 5IEEMRB#IL, T e—7n
SINE OO LRl E# & EREERE OF I BT DL ICHEE L. 7r—7I2k
STMA BN DMEEIL0-45 N O#PHTHY, ON, 0.5N, I N, 2N, 3N, 5N, 7N, 10N, 15
N, 20N, 25 N, 30 N, 35 N, 456 N UfEZFIEE Yy a VOBEMESE L TRELT. 5l



IR O F M 4 100 mm/min (1. 67 mm/s) T F &, EBEADNHEMIELZRFAST
FENCTEIE L7z, 2 E RIS HE®R 2, T o X7 —2 & L CRIE L. S 3nE
PICEERICERZ R - & X2 ,%MFET&/Tﬂ%E%ﬁ%%@@W%Fiﬁé &M
T&E/. UL, KEB kwfﬁukmf&/%@ﬁﬁéﬂm%iw@#ot

BS SN2 TOBFTREE T, REXRED R TS T & 0BER £ ToMEME (R MR
JE) &, TR L 5 & OB RS FREE TOER (GE) ZHE L. o7 e—71ck -
TMABNLMEE, 7a—T7OREE ORI OEFECTHRT 5 2 & CRHE SN, MEEDE
(e SBEHENZOFTH LIS EDEEE S L2, 16 4 DOBNE DK T HENENois
H—OFT AR A2 B L7, 1 NfrERE, 30 N RO S0V 7/RE, TN EnmEE
B 0-3 N, 15-45 N O#HICHIT A5 — U?ﬁ@ﬁm@ﬁU@ﬁ#%*wt 5 NffERE, 30
N W ERF DO DY v 7R %, %M%mﬁﬁ GEH 0-10 N, 15-45 N OFFHIC I T 2/ — 09 Al
BRSO RN B3R D=, BT Y OB 2 VT, 4 DO OFERE % MHREE L 7-.

4. WFoERkE

4 — 1 FEFHEEEEFEEE TR L T2 At oMk

FEERE ORI O EfhE & AiHE OFSMEIL 30.9 £ 155 m & 16.2 = 8.4 mm THY, *
NENOFRAEIL 28 mm & 14 mm Toh 7= (Fig. la, b). AHEEFEDE I DEIZONVHIEIT 9.3
+ 6.7 mm ThHY, FREIT 6.5 mm Tho7- (Fig. le). 77, EHimEICx L TEMEN 1.5
fZU FOREETHST-KIL 746 (76.3%) Thotz. Z O 74 HId, Edlid7mNgE@E T micimn
X173 65 %51l (87.8 %) Td Y, WHIAMAIITENZITVEDS 96 (12.2 %) Toh-o7-. FhiiHE O
REEIL, Depth 2 (FHOFMENS 8-16 mm) ZIBIRL7-2[EIEN 38l & xb L -o7- (Fig. 1d).
RS DR S IZHOW T, BB SN TWE23, ML, Ly, A%, 4B S
DELHFEREY L EDT-. Z LT, T RTORFICHIMSNTWIWE, £ O S & ILEY) OiE
I EFLPMEE D 1, Gummie level Eraser level, Cork level, Stone level @ 4 Bxf&iZ43
HLT7-. ZOFfE, Eraser level IZHHEINZRIEN 8B L HxHLEN-7- (Fig. le).
KM OFE R, #1008 3R+ TOEAM 1.91, 1.14, 0.96 ThH-o7-72%, $H2 K
FTETEBEH L. Table 1 IZ5 FHEDOERHOKR AR ELZ R L. 81 KWL, Rk & i
FElCE<ARESh, BESIZhbTcafmisnz. &2 KHEEREICEb D D THho7-. i
HYEDOMEN 1IZEW2, BESLHEIIZ2RFTIEEAEHAEIN2 ) o7z, Table 21Z/RLT=
FBITH Z AR D &, R IEE MBI L, MBRELH<HME L. £72, &
R RIIE S L5 <FERI L, JE SITRTRE L9 <FEBF L7z, XPHRAYIS, AREERS OB S I3 o ReM:
v A PG AY N

FEFELE SR, B AAE T 2 B 72 A RE O NLIRIEIR 2, KREDDOT—F > K
\‘/)Ijtkwuu%kbwcl/\%) k?& éﬂfx_ (Flg 2)

a. Long axis length b. Short axis length
Mean 309 Mean 16.2
> Median 28.0 > 19 43 Median 14.0
c Std. Dev. 15.5 < Std. Dev. 8.4
[ o
= b
o o
E I I E I I I .
& &
II l“llh-__ ll-l
4 : / , : » DQ) %6) «bQ « ‘7 . 4 « : , , ; ; /
2 _w" '»" m" g '»" N P m" aV m‘° a" 'f’ «" x" «" '_»‘” (\"
DRI LG A A S A L (mm) AT T DT AT DT o DT R (im)
c. Thickness d. Depth e. Hadness
31 38
Mean 93
> Median 6.5 g S
= Std. Dev. 6.7 9 S
S 14 £ g 2 19 19
o 3 - |
5 g 12 g
b L o
& &
I :
- — —— —
N > &
v AV AV RN &
,f,’“’ <,,'b D LY (7, v (7, (7, (7 Q z‘ QeQ 0«»9 oe‘? & (,,25 c& Qe/
FF P 0;-67 w'f’ 09' %-”(1 N5V Y S @& ©
NONTNT A At At (mm) Surface €3 Bottom G

Fig. 1. Histograms of muscle nodule size, depth, and hardness responses



Table 1. Factor loadings

Factor 1 Factor 2 Unigqueness

Long axis length 0.77 0.40
Short axis length 0.87 0.26
Thickness 0.28 0.20 0.86
Depth 1.00 0.00
Hardness 0.11 -0.16 0.97

Table 2. Correlation coefficients between research variables

1 2 3 4 5
1. Long axis length 1
2. Short axis length 0.660 1
3. Thickness 0.232 0.271 1
4. Depth 0.178 0.088 0.248 1
5. Hardness 0.104 0.040 0.118 -0.138 1
a b
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Fig. 2. Diagram of the typical muscle nodule recognized by MPTPs.
a: View of the muscle nodule perpendicular to the surface of the body.
b: View of the muscle nodule parallel to the surface of the body.
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Fig. 3. Stress-strain curves of subcutaneous (a) and muscle (b) tissues for all participants. The results of the
same participant are shown using the same line color in graphs a and b.

Table 3. Hardness and strain of subcutaneous and muscle tissues under variable loads

Young’s modulus (kPa) Strain (-)
Load (N) Mean + SD Mean + SD
Subcutaneous 1 26.1 +19.0 0.16 + 0.05
tissue 30 2199.1 + 1354.8 0.33+0.09
5 62.2 £10.3 0.19 £ 0.03
Muscle
30 440.4 + 80.0 0.47 £0.04

Table 4. Correlation matrix for Young’s moduli of subcutaneous and muscle tissues under variable loads

a b c d
a. Subcutaneous tissue hardness 1
under 1 N load
b. Subcutaneous tissue hardness —0.33
under 30 N load (t =—1.323) !
(p =0.207)
—0.02 —0.07
¢ 'L\j"n‘fecr': ﬁrl‘lgedss (t =—0.074)  (t =—0.262) 1
(p =0.942) (p =0.797)
—0.17 0.18 0.26
d mi‘;'gga’\lrdlgzsj (t=—0.658)  (t =0.666) (t = 1.006) 1
(p =0.521) (p =0.517) (p =0.332)
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