FALER XL EE
7 —THIOHBENIHT B AN L R ORBR O MEEITRT 5T — T ORI
HOEBER & 2 OBREE(LOFEHT SH ER

T—THNOHEES RSN 1X, T —THRIOANE & RAEMEICRET 2 BEARMNAEETH D, A
WA OFEFHHTEND D, 207D, FEENZEBH ST LB REIALNCTH I LT, WiZEmnEatke
HBIMEE AT 27 — 7RO & B Lo MANERICEL D LB b0, 20X 5 REROMR
W&t RIXiZ & A e, 20 1 b MEEIZET 2 HBEBRIE M. S TR 53, JIS Z 0237
K> ASTM D3300 % OBEAF O HBERBRIEIC L > TH O HBEN X, & MNEETORIBES & 13 L A EHEE
L72NWZ ERHE SN TN D, T CTAETIESE 1| BICBWT, BBl E v MNEETOT—7HIDOF
i1 3 FE B9 2 HIBERBRIE O RN 23 A T2, 26 2 FICBWT, B 1 O L7 FIEERBRIE 2 VL
in vivo & hEEIZBWCRHIBERBR 21TV, AR BRI A NET 5 2 & TF — 7 AIORBES) & ZHh &
WOHER AN LT, 5 3 FICBWT, FRBREREE T C7 — 7 Al OB & BEFEONEZ1TH =
SR, TR L 2 BCTHOLNS LT — T HIOFEE B R RIETER OB
(R g RESY TN X i B

F1E RBIRE invive & NEEIZBIT 2 HBEHPSHEEET 5 7 — 7 Hl 0 RIBERBRE ORESL

T — 7 HNOfffEE & AR R IR BT S Z RS STV D, 2T, I O A
L., 7 —7HORBEBRE O AR AT, 6 FEOTRT — 7 # (Tapes1-VI) @ backing (ZI1F& A
EfifE L 72wy OPP 7 — 7 % [hf19 % Z & T, NST (non-stretch tape) % Fi#L L 7=, SSP (stainless steel plate)
2, WifEMEZA 35 ST (stretchtape) & L7ZaVy NST ZALfF L. 90° HEEHAERZ1T-72, ZORER., 7
— 7 HIOFEEINL ST LV & NST OFNKEL, T—7AOMKEIZ L > TRHEEN RSNz, Zh
X, 7 — 7 HIOMHEIERBRIC L > THE L= Y > 7 RICBR L, 7 — 7 AR O RIS O ik ic 283 5,
S HIT ST % 7o FIBERRER Tl FIBEOEITIT B RIBEA AR L7228 NST 2V 2 & T 90°
ICHERFS V72, WIS, FIBEAEEA 90° ITHERFS LD NST Z W CHBERBR 217\, 7 — 7 HI OIS
(2RI DR DR B A G L 72, WO T —FHNZB W TH, SSP IZH T D FBE AT LT
5 180 /3% £ TRIKFHIICHER L, Z DRI L A X —iE & 7r o7z, 2L, PSA (pressure sensitive adhesive)
ORI 72 FRESNC K 2 S HER STz, —J, & FERJEICHIT 2HIBE )X SSP & I3 R 72 5k
Bamr Uiz, HEE) ORBEZEARBIR L b MR TR -T2 HEEZ MR 572012, B MEFEND
FIBEL 77 —7HD PSA @I L, S HIC, RFFITRBRICE Y PSA DL Z5HMl L7, = DR5R,
PSA MFEHLPWT —T7HITIL, PSA ICREOEREREZ G LELD K 5 REER A BIv, RRRH) 7 Hefilim
FEO R RR Sz, 72, FEEL =T —7AID PSA ICABENTEL T\, ZD7H, & MEET
IX PSA DL L AIEOBENLA ., 7 — 7 HIOFIFENEE L B & (X8 DR 2 R LT L&
2 BTz, PLEOFEENG | BEAF O FIBERBRE THE SV TV AHEET 1 9% & SSP ICB W T—EDH
BES I35 DIV G 180 434D SSP & b NEEIZHIT 57 — 7 HIORBE) OFMBIMEZFHE L7, 2D
FERL REAE 1 0% CIImFEE ) ORISR /o728 (p>0.05), A6 180 43 TlIA &R
FEREAFE O BT (p <0.05),



FL2E Invive & NEEZRIT 5T — 7RI OREES DEBNER DfENT
% 1 FCHEN. Lo HIBERBRIEZ AW T, b MNEEIZH T 2 HIBERER 21T > 72, FRFIZ, & & D SFE
(surface free energy) . BMER OM'EHIRLOEE S8 7 — 7 RIOFIBE N B L RITT EHER L, Znbd
BRI B FEFRIE CTOKOEEA | AR, KB DL, TEWL (transepidermal water loss) . capacitance
Fe OV g OBEREAE 2 E LT, £72, 2725 SFE & 4 >EE OB O CHIBERBR 21T 5 = & T,
KT —7HIORBES) LB D SFE & ORRZHET L7z, T ORER, Tapes I - V. OFIEES I FTFABRR D
SFE \ZIKAF L CHIR L7z, — . & MEETIE, FIBEN) 23 b/ Sy Tapel OAAN, FIBES) & KD SFE
DIFEETod DK O & A E2RAOHBNRD bive (p<0.05), LU, RIEEHR LY REWilo T
—ZFITIE, ZOMBIEGERD T, MOER S T —THIORFIEEN R EE RIF Lz LRI, &7
—7%0%Eﬁkiﬁbt&%®&ﬁ®ﬁﬁ E AEREOARZ AT L% (p<0.05), £ DEYFE
MOBE L, BERE2ERRIEEEROMIEE ML TV D LR Sz, REORMEIRE Il - TR
20 HEELRD LN (p<0.05), T — 7 HIFIBER TIE, BEFETE BB LT TEWL KT capacitance 73
IR L. M8 OREN & KT RIR S 4v7c, MEDEEN Lo mfE X, HBEI R KRENT —THIDOF R RKE <
72 HfEm AR Loy, FIEES) & OFBITRRD 5T (p>0.05) . A8 OB RIS L fth O ZE R D37
fﬁék% fXNTe, 2T, MEPER—AY v VRERICED PSA OX v 7 ZRE LT, TORER,
IFEFEOHBES 2R Lo T — T RITHIRT 2 &, K0 Z o 7/ E<, PSA OREIN/ NS WT —TF|
@ﬁﬁﬂ%ﬁ@%ﬁ@%mﬁﬁiméﬁoko%of\&%®SHE S R OV AR DR )17 —
THRIOHBEI N BEE RIETERTHY , ZNORRKREWVIEEHBENIWKRT L EEx N, £72, 2
O OEROHMBE 3T 551X PSA @ SFE, #iE IR ORMHIC L > T R B2 bz,

FIE REREOEMN invive & NEEIZBIT 27 —7AIOFBE ) RIETRE
PAERORERENET D L PSA ORSHIENL(L L, RBENICEEL 52D, 22T, 7—7HlD
FIBE RS DB RO REIRE OFELE M 572512, SSP O EIRE % 210 S ¥ CHEEBR 21T
STz, ZOFER, Tapes -1V TiE, SSP O EIMRE DG RITAEWHIEE S 23K L7223 Tapes V- VI OF|
BENXIZ & A EEBL L 2o T, RIT, 478 (15C) RUEZE (30C) ZAfi L7 BREREE T M REIC
B DT —THIOHBERBREZIT, F 2 BN LEREREZIE LiZ, AT, ZEICE > TEET
HIEPMEINTWD, EEOWHMELRIE Lz, & NEIBIZEBT 27 —7HORBE )X, B &R mEEE
DEFLIEETFE TR ULEATREZIKRT 5 L Tapel TIEOTNITERK L7223, TapesIl-VI TIiEf
B TFL (p<0.05), SSP S1XHEAR 28k E R LTz, - T, SBREBREISE L7 — 7RI OFEE S D
ZALIZxE LT, PSA OREHME L D b b MR OREZELORFGNRKE W EHEREI N, b b EEORHE
X, EFECIIATRE LI U CERIBESEM L, KOPEMAITKT L2 &b, RED SFE O
PRBESNT=, KT —THIOHEES L REOER» SRE LRG0k, EFX 0 bAFREDS
MREL, ZHUTBERONEFHOINEC L D LR Sz, —J7, REOHMEIATFLY L EFRED S
DHBIZKREL (p<0.05), 7— 7 HIOHEE N5 5 HBIIR G428 OHMEDZEL O TR K Z 0 & s
SNz, AZFBREE Ll U CHEZEREE ClX TEWL, capacitance X OVAE OBERLEAE S K L, A& M
DEFEN DR TR RS-, DLEEZRIET 2 &, EFCIAROEEOK TIZ L > THEEI DK
L. AFTIIREOBMEDOH KIZ L > THBENINE KR LI EZ 2 bz, —F, ThbOBE%F12<
WEIBE ) /NS WT —FHITIE, BERICBWTEED SFE O KRICE > TREENBHARLIZEEZ 6N
72



Thesis abstract
Influence of stretchiness and application times of tapes on peel forces and analyses of factors
changed peel force in in vivo human skin and the variation in environment.

Tatsuya Kanemaru

Peel force (adhesiveness) of tapes influences the efficacy and safety of them. However, it is known as having
individual and seasonal variations. It is considered that understanding the factors changed peel force is useful to
develop the tapes with efficacy and safety, select and the suitable tapes to patients, but there was hardly study that
analyzed the factors. Furthermore, the standard peeling test method has not been established using human skin. It has
been reported that the peel force of tapes measured by the standard peeling test method using test plates (such as JIS
Z 0237 and ASTM D3300) has no correlation with the peel forces on human skin. The correlations between peel
forces on test plate (stainless steel palate: SSP) and in vivo human skin were evaluated in the first chapter to establish
the peeling test method. In the second chapter, the peeling test on in vivo human skin and determination of the
characterization were performed. The relationships between the peel forces and the characteristics of skin were
analyzed to determine the factors changed peel force on in vivo human skin. In the final chapter, the same test as the
second chapter was performed under the environments mimicked winter or summer environments to evaluate the

change in the peel forces and the characteristics of skin.

Chapter 1. Establishment of the peeling test method for a correlation between peel forces on the test plate and
in vivo human skin.

It has been reported that the stretchiness and application times of tapes influence the peel forces. Thus, the
influences of the stretchiness and the application times of tapes on the peel forces were evaluated. The six commercial
medical tapes (Tapes I - VI) were used as test tapes. In order to suppress the stretchiness of the tapes, non-stretch
tapes (NST) were prepared by sticking OPP Packing Tape onto these backings. Stretch tape (ST) and NST were stuck
onto SSP, and 90° peeling tests were performed. As a result, the peel forces of NST were greater than those of ST. It
was considered that the stretchiness of tapes related young’s modulus suppressed the peel forces in the peeling test.
Moreover, the peeling angle was kept at 90° stably in the peeling test of NST. Therefore, NST was used in the peeling
test study described below. The peel forces of NST increased in an application time-dependent manner until 180 min
after sticking on SSP, whereas the peel forces hardly changed from 180 min after sticking. It is considered that the
molecular realignment of PSA (pressure sensitive adhesive) was caused by the increase in peel force. The peel forces
on in vivo human skin was changing in a different manner from them on SSP. The shear adhesion test and the
observation of PSA were performed to research the those factors caused it. The deformation of soft PSA into the skin
surface shape and the detached corneocytes from skin were observed. Thus, the deformation and detachment of
corneocytes caused the change in peel forces on in vivo human skin. The several standard peeling test methods
provide an application time of 1 min. The correlation between peel forces on SSP and in vivo human skin at 180 min
after sticking was compared with that of 1 min after sticking them. The good correlation was obtained at 180 min (p

<0.05), although it was poor at 1 min (p > 0.05).

Chapter 2. Analysis of the factors changed peel force on in vivo human skin
The peeling test was performed on in vivo human skin by the established method in chapter 1. The characteristics

of human skin were concurrently measured in the peeling test. SFE (surface free energy), elasticity and cohesion of



corneocytes in the skin were selected as the factors influenced on the peel force. A contact angle of water, amount of
sebum, skin deformation in the peeling, TEWL (transepidermal water loss), capacitance and detachment area of
corneocyte were measured to evaluate these factors. Moreover, the peeling tests on test plates with a variety of SFE
were performed to evaluate the relationships between the peel forces of tapes and SFE of test plates. As a result, the
peel forces of Tapes I - V increased with increasing SFE of the test plates. A good negative correlation between the
peel force of Tape I, which has the smallest adhesiveness among these tapes, and the contact of water was obtained
on in vivo human skin (p < 0.05). However, the correlation was not obtained in other tapes. It is considered that the
peel force of other tapes was influenced by different factors. A good correlation between the peel force of tapes and
the skin deformation in peeling was obtained (p < 0.05), and the slope of the regression line was regarded as the
elasticity in the whole skin. The skin elasticity had an inter-sexual difference (p < 0.05). The TEWL and capacitance
in the skin increased after peeling the tapes. These increasies indicate the skin hydration and the detachment of
corneocytes. The areas of detachment corneocytes had a poor correlation with the peel forces, though it tended to
increase with increasing the peel force. The poor correlation suggested the contribution of other factors related to
corneocyte detachment. A vertical tackiness test was performed to research the factor. The tapes of PSA, which had
a low tackiness and a low viscosity, caused a small detachment of corneocyte compared with the tapes having almost
the same peel force. Thus, the SFE, elasticity, and cohesion of corneocytes in the skin were the factors changed peel
force. The SFE, adhesiveness and viscosity of PSA also are related to the intensity of contribution of these factors to

the peel forces.

Chapter 3. Influence of environment temperature on peel force of tape on ir vivo human skin

The changing surface temperature of adherend was related to the viscoelasticity property of PSA influenced the
peel force. The peeling tests on SSP at a variety of surface temperature were performed to evaluate the relationships
between the peel force and the surface temperature of SSP. The peel force of Tapes I - IV increased with increasing
the temperature. On the other hand, the peel forces of Tapes V - VI were almost not changed in these temperatures.
The peeling tests on in vivo human skin and the measurement of characteristics under the test room mimicked winter
(15°C) and summer (30°C) environments were performed. The elasticity of the epidermis was also measured. The
peel force of Tape I changed hardly, though the peel forces of Tapes II-VI decreased significantly (p < 0.05) under
the summer environment. That is, the changed peel force on in vivo human skin differed with that on SSP. It is
considered that the changed skin characteristics had a greater contribution to the peel forces than the changed
viscoelasticity of PSA in these environments. The amount of sebum was large and the contact angle of water was
small in the summer compared with those in the winter environment. These results indicate SFE of skin was higher
in the summer than that in the winter environment. The whole skin elasticity was significantly increased by
contracting arrector pili muscle in the winter (p < 0.05). In contrast, the elasticity of epidermis increased in the
summer. Thus, the influence of whole skin elasticity on the peel force was larger than that of epidermis elasticity.
The TEWL, capacitance and detached corneocyte area in the skin increased in the summer than those in the winter
environment. It was suggested that the cohesion of corneocytes decreased in the summer environment. In conclusion,
the peel force on in vivo human skin in the summer decreases due to the decrease in the cohesion of corneocytes and,
that in the winter increases due to the increase in the elasticity of whole skin. In addition, the tape with low

adhesiveness has hardly an seasonal variation.
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