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[Abstract]

In this paper, we propse a quantitative research by investigating the subcutaneous tissue elasticity by using

ultrasonography in lymphedema patients after breast cancer surgery. Lymphedema patients who took breast

cancer operation were included. Thickness of subcutaneous tissue was assessed at two spots; 10cm below

elbow (forearm) and 10cm above elbow (upper arm), not only in affected side but also in sound side. By

using probe attached to real-time pressure sensor, stress-strain curves were obtained. We defined tissue elasticity

as slope of that curve at range of 7.5~15% of strain to avoid toe region. By comparing the elasticity of

normal side and that of affected side, lymphedema tissues were classified into ‘softer’ and ‘harder’ tissues.

Overall 30 cases of lymphedema tissues and 30 cases of sound tissues were checked. The difference of the

elasticity between normal and affected side ranged from -3.98 N/m” to 1.40 N/m’. The lymphedema tissues

were classified into 17 softer tissues and 13 harder tissues. No demographic and clinical values, including

clinical stage of lymphedema, showed statistically meaningful differences between two groups. Evaluation

of subcutaneous tissue elasticity with ultrasonography and real-time pressure sensor could be one of the useful

tools for investigation of lymphedema tissue characteristics.
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I. Introduction
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II. Materials and Methods

1. Patients

B e Aty g A7 e olgslel &
ol sjo]l MFEQICE QIO R £4S WL AL 5 7
2 R0 BEo gk B2 SASHs AREE O
og sioict #Alo] o) et Kt SAEH oo
o). BE 947 e A s}oq 383 4Ye 59

rulm é

o) APEA0E A7 Aol
Fol AGFS A & U 2
cHg5olt AAIglto 2 Fdo] SalEl AR, A7

ofoll SoJstr] p A

Table 1. Demographic and clinical variables of patients

Variables Value®
Age(years) 59.06+8.78
Height(cm) 158.29+4.07
Weight(kg) 58.91+7.34
Duration of lymphedema(month) 33.07£26.80
Operation 15
Breast cancer Axillary lymphnode
treatment disection 15
(number of -
patients) Radiotherapy 13
Chemotherapy 15
Clinical staging of lymphedema all in stage II
10cm distal from
Circumferene olecranon(cm) 23.65£1.96
of affected 10 —
side cm proxima 29.00+3.62
from olecranon(cm)
Right handed: 15
number of patients
Affected side; right/left, n 7/8
self massage 15
Lymphedema complex
treatment decongestive 3
(number of therapy
patients) stellate ganglion
4
block

* Values are shown in meanztstandard deviation

g A

gado] Atofst
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2. Assessments

2.1 Pressure-thickness measurement

= ERE st 21t 7]7]= Accuvix VI0EX-
DOM-00(Medison Co.,Seoul, Korea)& AFHE-513 17 319]
SEYS! FGP-10(Nidec-Shimpo Co., Kyoto,
Iapan)% ol-&sto] FEI(N) T2 45t FGP-10
o] RAME £9u} BAL 54 Aols]o] Aste] AA
el Gelol T2 24 ) Hel £19] elE A
oz astect,

E<W S Kok
-1 O«

Pressurer
sensor

Constant
velocity
controller

Fig. 1. The real time pressure—thickness measure device

2.2 Test sites of the arm

A% 85 YAl Yol B2 AT ST B
Cheat 2k Aol 34 Roje AehEol U Al
(medial epicondyle)?} 1= AtiKlateral epicondyle)<
ol= Mo] ZAojA At o]+ T bicipital groove)
o] & Yoz 10cm HFAFL M= 2F
(radius)¥} AZ{ulnar)?] 73A=7](styloid process)=
QU o] £ Wako® 10cm AYolA ZAIS Ky
sloic.

Fig. 2. Schematic diagram of test sites. Upper arm: In
the line from midpoint of medial and lateral epicondyle
(A) to bicipital groove (B), 10cm proximal from A,
forearm: In the line from midpoint of medial and lateral
epicondyle (A) to midpoint of radial and ulnar styloid
process(C), 10cm distal from A.

2.3 Stress-strain curve

ApAbe meEriet oiEE D oot 4E g
U-27 54 =72 olgstol Yol e FEl) £
Wstg AAREo 2 WAl B} 54 Aloj7|2 £Xlo] 715
At gele aslln ARER BoRl: £8u o]
Rl gotog xxlo] £ Walrh Qicki Bo| A &
AL FEEel BEe sASH 71k $USIT &
2tz dojxl mjst &X FGARS MATLAB (The Math

Yatoict.

PA rﬁ
o)

P

Works, Inc., Natick, USA)S o] &5t0] 21 ztE =2 ¥
519l xemt &xlo] A4 FGP-1025E AlA|7EO
2 716l Al 02 Fslel 54 Lellel 210 S

2 Psiock

Fig. 3. Test environment
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Q0] 54 27 U9l 0.IN oj9ln £3u} Blo] o
53,04 x 10° n)02 SHB Y& o] 250] 719)
Ale SH(stress, 0)2 133t 2502 &

27] £2 by 2} 5hn Lo s Walst xxle] £
At 2t1 & o) o) st Wy S
il 4024 sastic ol olgsiel 5ol
28 51y Sarvazyan & x
[16] }1g-E0] 7.5~15% QI 7t 7]371 d
S(elasticity, E)& oJstil [E = Aoys.s / A875 5] &~
Aoz w&Z51tHo75.15 ¢ HPE 7.5~15% #1te] 33
o] Wels}, Agrsas @ HFE 7.5~15% (1] HHPE AL
o]).

2.4 Tissue analysis

A5 50N 22 BALE ol gslo] g
o] 52 Lol &l st o] & £ SuE o] 8sle] )
st 2819 £7] $(to)2} 719 B2 Al A9 Al &
7 A )& SR A7) B AtRSS B4
slo] 453 $20] Alolg Bttt Hgo] A5o] v

=42 W] Ysto] 71

P
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A5 iéﬂ EWEH g A2 55!% H FEe

Fig. 4. Measurement of Atnax by B—mode ultrasonography.

Atmax = to — t;, to! initial thickness of the subcutaneous tissue,

t: residual thickness of the subcutaneous tissue, Atmax.:
maximal change of the thickness.

2.5 Statistical analysis

B Xojl= SPSS version 18.0(Chicago, IL, USA)S o]
gotoirt. MaARtso] ApstA gaot 315 Axlo] gel
A £xo] Wait BE BAS BASIC 717to) 3Rt

A 53 159 o2 E7gtE0] lo] Felu|gh Afol7t
Q) =X] Wilcoxon £3 &9 74%](Wilcoxon signed rank
test) o2 §}016}0ﬂq 1:—] whek §_ xlm} 1:—] Hl:a.]o = X1

ELAE |

%L%Iés Kﬂﬂlo 1 9 2F Atolo] x}0]7} o) =x] u}-3]
ElY A4 (Mann-Whitney U)& Foto] &RlIst
III. Results
SH-HYE FAS =&t Ak o3 2o 145
oA &7] mstxAle] TA 3.56+1.05cm 0] gH&
= 4.65+1.58cm o7 FFO Aol RIT 4 it
(z=-2.91, p=0.004). Z|tf FA| HEFH Atpa)S THEONA]
1.60+£0.53cm, 7AZ0A 1.36+0.47cmz EEE|Qct
(z=-2.314, p=0.021). 5&‘; A d& ? g2
()5 &4 Ant g50M+= 3.05£1.36cmog2 71&9
A9l 2.20+0.71cmt H]Lo}oﬂa A] OFE0|Al0] Hust
AFo]7} 9122 &5t tHz=-3.178, p=0.001). E35t &
71

o] 3E-HYE FA2 ot vlwA Qe £
W ol% AP 7)ot LS uoir) EhdEo]
Fgre 25004 0755047 N/n, 2504 0.82:0.88
N/m* 02 $EoA tha 37 Yeptol SAKo=
90l5}x] gﬁq(z=—o.463, p=0.644),

Table 2. Comparison between sound side and

affected side

Sound Affected
ey | secmesy | PORUE
thickl:ietisasl(cm) 356+105 | 4.65+158 | 0004
Atma(cm) 1.36+0.47 1.60+0.53 0.021
t(cm)” 2.2040.71 3.05+1.36 0.001
E(N/m?%)° 0.75+0.47 0.82+0.88 0.644

* Atmax: maximal change of the thickness,
t. ! residual thickness after maximal compression,
E: elasticity

ol xlol= tolx] egw -0.943). 712
sl angel Aole & 28O Aobt
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(p=0.559), ¥F& 7IsP7| A &5 xAO] 27| FAE &
ojulgh &fo] & Ho|A] okITHp=0.476). &|T] ¥ £ %
T A fOJ3t Afol S Eo|A] ¢rotil(p=0.434) |0 =
A WskFE Afo|7t QIQitHp=0.464). TRt & zaq
B rs o gosh £Al0A 1.15£1.22 N/m?, o R=
21 RAOA L 0,57+0.39 N/m? 02 §oJ3t xjo]2 &
ACHp=0.04).

Table 3. Comparison between harder group and
softer group

Harder Softer p-
group(n=13) group(n=17) Value
Duration of the
symptom 40.86+36.27 | 26.25+13.98 0.310
(month)
BMI(kg/m?) 22.60+1.65 | 24.00+2.90 0.178
Difference in
__nitial 193£268 | 145180 | 0.559
circumference
(cm)
Initial
+ +
thickness(cm) 479%1.61 431£1.94 0.476
Final
+ +
thickness(cm) 3.27£1.50 2.87+1.26 0.434
Atrmax(cm)” 1.52£0.40 1.67£0.62 0.464
E(N/m?)* 1.15+1.22 0.57+0.39 0.04

* Atmax: maximal change of the thickness, E: elasticity

80000
0000
60000
50000

0000

Pressure(N/m?)

30000

2000

04s

Strain

Fig. 5. Typical stress—strain curve of subcutaneous tissue.
Dashed line means elasticity calculated at range of
7.5%~15% of strain. E: elasticity, Ao75-15: pressure change
at range of 7.5%~15% of strain, Ag7s-15. strain range of
7.5%~15%.

IV. Discussion
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