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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

H3M02 F 1589 S 4% olF AT Ao
NE02 QI3 BHZol WA AlrSol Aol Aolst
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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 &
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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]
goloirt. MaRtso] Apsta gadt 35 Axlo] 2ol
A £xo] Wgat BE RS EASC 77to) Sixjo]

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

Ql Afol= EOP‘I %—T‘RIE%( =0.943). &AL
=2 FEue Aol= oA Rtol7t
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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

Qgutdog Exo] ojd &g 7
wAlst . EA]of 2A|9] SEfU 2
- THH OHH HE gsgg ]a}ﬂ stof & Mg E

Aol M= &7 %74] ol =A19] S W&ol

AAsH] Wslsl= 71o] £39] HAl(Hooke's law)o.2
UM QloLt AAQ] AR AAu 22 A RAZ 1
AT o] S5ttt o] AFoflA] AR RAOA F
H-HYPE FA2 S0 gt £7] HYP S £A0] 47
-850 S=9] Halrt IX] o2 WA AU © WY
A2 RIskgho] d2iA QTH16, 17, 18]. Sarvazyan =
< A7 x2S dFsto] 2 SY-HYE FAA HY
0] 7.5~15% Q1 oA Z3H 3}t P Eo] £330 WAl

of HAS 484, dgroz 24l I 7] V)

2712 2A9] 'AIeS Aot v QA 16].
01]/\13 Hi=s 7%]* Fsh=d]

2
s
rlo
rE
odh
i
-
-
o

S~
>

o slcte £x] e o1 i e el
25 QIRIR TR} ko] 7]
Kol De} ojujat Ajol g WHsHA] £ & HOZ AR
k. olo] £ A7) ARG & AAdolN S B

2 g
of 4oz Q3 W WAS FASIAL 51

2 ATNE QPP ABHoR xR 24g
ofg 4 Qw2 B Eo] Rfolr} al] S4A|d o}
o £79) 54 Aot 15 7 KA Aot YA
2 vlaslglon] 7z ARHY 02 S of
5% 182 TRY 4 oUW He ASWE 0l &
Aol 7129 Hgsuct uzeh) £alo walg 7
A8l Uig7] B0z gz,

g50] Purt of Yool 183 of g 15
EAe e 9719 Yn 83 xAolekw ArEel &%)
o) Y YT 4 Y MTHOR st A7
o Aojgt RS Am $50| YU Y7 SUst
008 Uadh AIA WAT 2oz Kol Alme] 540

L xR0 4% BRI % 4 G 1} £H Y5
S} £x)9] M493te] WAS WA oF A7 D 0
[19] B 0] Kol Q3 | Kfolet T WAL



172 Journal of The Korea Society of Computer and Information

79 4% o] HeetE
7HA] hgtol & 4 ek,
PO e 240 ALgE BRe| 47} B

LIS
Zslo] £ 15 Ut 70| SAH0Z AR ol
B

fr e
o

re,
-
rr
o
[
o
opy
o
l'LI'I
oZ
rot

0
B
>,
=
>
pr
glo
&,
il
e

ofm o

ol

o,

2

O,

S~

)

2

b

m

rlo

ok

N

lo > (ot

o ol rju ox ofo

i)
0o

fodor g 1o
o
o}
B
2
1o
O\I
Ho
=2
H1
o
o2
U
2 o
i
Mo
> jr
)
1+
=
|
A |
oo

2z o
b
B
a3
1o
r
ox.
H1
i
-
ﬂ
=]
el

by wju ok
o,
oo
ﬂ
Q.
=<|DL_:

in)
A8
A8
roh
A
i)
1)
ke
;
o
o m% oft
ox I Pt 4

> 30 ]
rlo mo 2 mo
e
rr
pr
glo
=)
i
e
ofo i
ol
el
3 2
k)

2

652 o

ACKNOWLEDGEMENT

This research is free from any special
financial support.

REFERENCES

[11 A. G. Warren, H. Brorson, L. J. Borud, and S. A. Slavin,
"Lymphedema: a comprehensive review," Annals of plastic
surgery, Vol. 59, No. 4, pp. 464-472, October 2007. DOI: 10.
1097/01.sap.0000257149.42922.7¢

[2] J. A. Petrek, P. I. Pressman, and R. A. Smith, "Lymphedema:
Current issues in research and management," CA: A Cancer
Journal for Clinicians, Vol. 50, No. 5, pp. 292-307, October 2000.
DOT: 10.1002/caac.6170500505

[3] C. S Hinrichs, N. L. Watroba, H. Rezaishiraz, W. Giese, T Hurd,
K. A Fassl, and S. B. Edge, "Lymphedema secondary to
postmastectomy radiation: incidence and risk factors," Annals of
surgical oncology, Vol. 11, No. 6, pp. 573-580, June 2004. DOL:
10.1245/AS0.2004.04.017
[4] G. Querci della Rovere, I. Ahmad, P. Singh, S. Ashley, I. R.
Daniels, and P. Mortimer, "An audit of the incidence of arm
lymphoedema after prophylactic level I/Il axillary dissection
without division of the pectoralis minor muscle," Annals of the
Royal College of Surgeons of England, Vol. 85, No. 3, pp.
158-161, May 2003. DOL: 10.1308/003588403321661299
[5] Ho Geun Kim, Keewon Kim, Han Gil Seo, Chae Young Im, Tae
Uk Kim, Gun Sun Chung, Dong Young Noh, and Kwan Sik Seo,
"Clinical Outcomes of Cervical Stellate Ganglion Block in Patients
with Secondary Lymphedema: A Pilot Study," Journal of the
Korean Academy of Rehabilitation Medicine, Vol. 33, No. 3, pp.
297-337, May 2009. UCL: G704-000430.2009.33.3.020
[6] Kyu-Won Jung, Sohee Park, Hyun-Joo Kong, Young-Joo Won,
Joo Young Lee, Hong Gwan Seo, and Jin-Soo Lee, "Cancer
statistics in Korea: incidence, mortality, survival, and prevalence
in 2009," Cancer Research and Treatment, Vol. 44, No. 1, pp.
11-24, March 2012. DOI: 10.4143/crt.2012.44.1.11
[7] V. Velanovich, and W. Szymanski, "Quality of life of breast cancer
patients with lymphedema," The American journal of surgery, Vol.
177, No. 3, pp. 184-188, March 1999. DOI: 10.1016/s0002-9610
(99)00008-2
[8] L. H. Gerber, "A review of measures of lymphedema," Cancer,
Vol. 15, No. 83, pp. 2803-2804, December 1998. DOI:
10.1002/(sici)1097-0142(19981215)83:12b+<2803::aid-
cncr29>3.3.c0;2-n
[9]1 A. Szuba, and S. G. Rockson, "Lymphedema: classification,
diagnosis and therapy," Vascular medicine, Vol. 3, No. 2, pp.
145-156, May 1998. DOI: 10.1016/s0002-9610(99)00008-2
[10] Y.-W. Chen, H-J. Tsai, H-C. Hung, and J.-Y. Tsauo "Reliability
study of measurements for lymphedema in breast cancer patients,"
American Journal of Physical Medicine & Rehabilitation, Vol.
87, No. 1, pp. 33-38, January 2008. DOI: 10.1097/PHM.0b013e
31815b6199
[11] R. Taylor, U. W. Jayasinghe, L. Koelmeyer, O. Ung, and J.
Boyages, "Reliability and validity of arm volume measurements
for assessment of lymphedema," Physical Therapy, Vol. 86, No.
2, pp. 205-214, February 2006. DOI: 10.1093/ptj/86.2.205

[12] A. P. Sander, N. M. Hajer, K. Hemenway, and A. C. Miller,
"Upper-extremity volume measurements in women Wwith
lymphedema: a comparison of measurements obtained via water
displacement with geometrically determined volume," Physical
Therapy, Vol. 82, No. 12, pp. 1201-1212, December 2002. DOI:
10.1093/ptj/82.12.1201

[13] H. Brorson, and P. Héijer, "Standardised measurements used to



The analysis of tissue elasticity using computer-controlled ultrasonography
in the affected upper limb of patients after breast cancer surgery 173

order compression garments can be used to calculate arm volumes
to evaluate lymphoedema treatment," Journal of plastic surgery
and hand surgery, Vol. 46, No. 6, pp. 410-415, December 2012.
DOI: 10.3109/2000656X.2012.714785

[14] A. Szuba, W. Strauss, S. P. Sirsikar, and S. G. Rockson,
"Quantitative radionuclide lymphoscintigraphy predicts outcome
of manual lymphatic therapy in breast cancer-related
lymphedema of the upper extremity," Nuclear medicine
communications, Vol. 23, No. 12, pp. 1171-1175, December
2002. DOI: 10.1097/00006231-200212000-00004

[15] T. Ashikaga, D. Burns, P. O'Brien, K. B. Schaberg, and D. Huston,
"Texture Analysis of Post Breast Cancer Lymphedema Ultrasound
Images Obtained Using a Portable Device-A Pilot Study,"
Lymphatic research and biology, Vol. 3, No. 3, pp. 147-155,
September 2005. DOI: 10.1089/Irb.2005.3.147

[16] V. Egorov, S. Tsyuryupa, S. Kanilo, M. Kogit, and A. Sarvazyan,
"Soft tissue elastometer," Medical engineering & physics, Vol.
30, No. 2, pp. 206-212, March 2008. DOI: 10.1016/j.medengphy.
2007.02.007

[17] Keewon Kim, Tae Uk Kim, Ja Ho Leigh, Kyu Jin Lee, Hee
Chan Kim, and Sun Gun Chung, "Biomechanical Evaluation of
the Capsular Stiffness and Clinical Features in Adhesive
Capsulitis of Shoulders," Journal of Korean Academy of
Rehabilitation Medicine, Vol. 33, No. 2, pp. 205-214, January
2009. UCI : G704-000430.2009.33.2.016

[18] Kyu Jin Lee, Hee Dae Lee, and Sun Gun Chung, "Real~time
pressure monitoring of intraarticular hydraulic distension for
painful stiff shoulders," Journal of Orthopaedic Research, Vol.
26, No. 7, pp. 965-970, July 2008. DOI : 10.1002/jor.20535

[19] J. K. Raines, T. F. O'Donnell Jr, L. Kalisher, and R. C. Darling,
"Selection of patients with lymphedema for compression therapy,"
The American journal of surgery, Vol. 133, No. 4, pp. 430-437,
April 1977. DOI : 10.1016/0002-9610(77)90127-1

Authors

Chan-Hyuk Kwon is a medical doctor who
graduated from Seoul National University,
School of Medicine in Korea and has a Ph.D
in Clinical Pharmacology. Since 2022, he has

been running a rehabilitation medicine clinic

in Seoul and studying rehabilitation and pharmacology.

Min Woo Ha received Ph.D. in Pharmaceutical
Synthetic Chemistry from Seoul National
University, College of Pharmacy in Korea. She
is an associate professor at the College of

Pharmacy, Jeju National University, Korea.

As a member of PSK (The Pharmaceutical Society of Korea),
KSOS (The Korean Society of Organic Synthesis), and
KSIEC (The Korean Society of Industrial and Engineering
Chemistry), she is expanding her research scope into the
fields of pharmaceuticals and engineering chemistry through

the design and preparation of potential organic materials.



