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Abstract We investigated the morphology of the scalp hair shaft from the base to the distal end
of the newborn hair and the ratio of the longitudinal axis diameter of the scale exposed to the
surface of the hair to the diameter of the hair by scanning electron microscopy(SEM). Neonatal
hair was observed to taper from the area adjacent to the scalp toward the end of the hair. In
this study, as the thickness of the hair increases, the ratio of the long axis diameter of the
exposed scale becomes relatively small, but the long axis diameter of the exposed scale on the
surface of the hair is similar in length regardless of the thickness of the hair. In conclusion, it
was confirmed that the major axis diameter of the scales exposed to the surface of fine or thick
hair does not change significantly.
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1. M2

41780} m Ko Exsty Q= d FollA FUsHA
Wt (melanin granule)S 5kl Q= 22
T 9] "ot F39 "2 X (terminal hair)ZA]
gt 7he] 22 ZM(brown color) 0.2 Ho|A|Rk
oA L= HIYAE o|FA U= BEE2 S4H
(dark brown color)2& HolA HcrH1]. o]} Zo]
AetdgE 7L Q. 4% AA571(growth
cycle)E 7M1 e AEES 94HQl &l B
olztal g},

7t gjojd Aol Ful HMEe 89to® HQL
o 7kl Fow mdko] o] o mAgt As &
S &7t et ol B2 AEA EA8E Hidthair
follicle)ollAl /9%l %9 ZxolH2l.

HFE OF 107] o)) MR e AERFoR
49 At (bulb) 2FY FRE ok Qi B2 F
A4 7199 ZFEA|E(mesenchymal cel)7} 2
BARY z7|DANAN BHEo] FFHoRE= B
(hair bulb)& F43tcH3].

D= vpgEo R ZixZ 7|dd J5iA FA4=
29 glassy membrane)¥} F&5= QL% (external
root sheet)?} QF2 02 W7k hair shaft)®} dAsk= W
2 Z(internal root sheat)@ FE& = QJcH4l.

28F(hair papillao]l Qe HpdEHAE
(melanocyte)ollA G Hepd AL JuIZE &
Hsto] WRIZRE AUhA BRE J/dcte FEIZAE
& o]FSHAY K 7| ROA JEIZ FH| =
AP WGA 0] Y2 A Alo|2 ZA A
24 £715 Wol dehdatzo] olsste] AT

AYok=z &4t & 45 o]Hi9] PoKinfant)E 9|t
oH6,7]. 2t Holt AlAfol Bk 2%k PEE /A
SkaL QIA|RE o] % oF o] Fe] 3etE] A= 9
A &S etk Ao B 447] ofs B
Holup Aol Bt} 9 Ro] E2|3ehd A2 A7
W2 AER 2] &4fo] A2 Aol

e ojRakq o' e E5(cuticle layer)Tt T
A(cortex) ¥ FE(medulla)®] 3 FEOZ FEFo]
Z1eH8,9].

o] FEES2 42 S9AA Eodises 9
&2 st=t SHE FESAE(cuticle cel)EE 4
Hof i}, Ao A FEES cuticle layer)S =gt

o)
tlo

rS

9] #71°] wt AJol= AUANE oF 4-10749] FEEA =
== FAE ATH10l. FEIZAIRY vAtRs AR
TLo] Zolof| oA FESAIES] HIEE AHEE
1 Wo g FHFEE epicuticle), AZ(A layer), &
FElE{exocuticle) ¥ WHEIE(endocuticle)Z F315}
A FEETH 11
5 843 AEcts 2 2HS SHE FEEA

29| Alzdo] Hiho] A5S wt JdElsHA AgE o
29 HlEs(scale)oll s @A o] Qitt. Hls2 7
HEARZY AzuQl RHFEZE0| R AAE
o|F= FL2A] o]t EAj5t= A|Auto| o] &
71E ZA sieth. E3 HE2 Us FEA7A, HY
7t Alol9] miE g EolFe TS 1L

0|9} Zo] Hlg2 B9 HekE FAGFL FHS
Folsh= S8 7152 SHATE QRe 1} X&AQ
Aol oA A FARXAY HAXA ot 229
FAz {9 ga5 22 By A w2
o] ol Wit A= ASF0E HAE QA
TH10,12,13], Z&9] EHY HE9 1§ Feo Tt
A vEE Aotk

2 A7 7 oA mio] Hx gt &
SHweathering) @4 7P AA w2 AlAgor =k
7Y H59 FHA S A5 AFS FARAER

Z(scanning electron microscope)2.& 25}t

2. Mz 3y

2.1 Heli=el MF F X2

SAE 3 45 o] Pot 59 Fu] SRR B
F2 fFIoto] AR ARESIRH. B Alm A5
o[Eg 7I9IE o]&sto] Fujof At 7919 Byt
At oh2 WAl o]8sto] ofZA|(filter paper,
No. 7, 110cem, Toyo Roshi Kaisha, Ltd, Japan)”7}
Ze9le S92 HEY H4l(peri dish, 90x15m,
SDL Life Science Co, Korea)oll gojA] o]&49] ¥
25 Agotgit.

ofojA 1ZF FARARER|F H|= Ko ojFg

£ TP 98l ARE Aol TR AREHE
A7 15me] 9% IFulE AAH(stub)oll F2AE 5
U= 2712 S ddeiqiny, Bke] deke o gt
P HeZds AMESte] 9 10m Zo|E A|&skoich

e
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22 FAEXRA0IE HE

et Aol Bk A|RE Chang[14]19] FARAL
dAng g AR B et Axtdu) AagA =
ArE8k= 2.5% paraformaldehyde - glutaraldehyde
(0.4M phosphate buffer, pH 7.4)& 1417t 59t 4T
YA A M1 (pre-fixation) SFTE. o]o]A QA
245-89(0.4 M phosphate buffer, pH 7.4) 2.2 4T
Yo 1584 23] AAsH. HAuPE AlEe
OJAk}E-8-9M(0.4M phosphate buffer, pH 7.4) 2.2 3]
Agko] A 23 1% AFAISEQ AB(Osmium tetroxide,
0sOy) &HOE 4T FFaor A7 5% 113
(post-fixation) S}t

1ol B B2 5Y QS804 M
phosphate buffer, pH 7.4)2.& 4T YAIIo)A 15
= A 23] $AG O 2edE AR 39
50%, 60%, 70%, 80%, 90%, 95%2] ol&tE(ethanol,
Merck, German)2 ZtZF 1584 A2o4 24174
= AX & 100% oflgkZol 1524 23] g5 o]
ZoPdolA o] E(isoamyl acetate, A0264, Tokyo
chemical industry Co., LTD, Japan)Z 2|¥st¢ict.

A3k Ag= YA™AZR(critical point dryer,
Hitachi SCP-1I, Japan)ollA] XA &, 4 Hjo|=
Flofl FefElo| =g £21 YFHlE A flofl Ygsiit

o[ojA] FARAALAN]Z TEA] A ARkE W
Ast7] flote] Al&E o] 2FA7|(IB-5 ion coater,
Eiko, Japan)oll A&t oS 20m FAZ Wd =&
(platinum coating)d}l9th WMEFOZ TFH AlgE
ZFA AR N A (S-4700, Hitachi, Japan)ol] A2k}t
15 kv arxQdol A ksl

al Xt

3. 2 ¥ u¥

Fig. 19 Auhg FARAARE 4 o)A Al4jo}
2L Sujo] QHe RelojA Re muo] BREO
2 248 7k50] A 22 FAsrt Fig 1914 7}
Lrfg mio] grgel o] Qge it 3
717 @A3| 7HsA ek,

Fig. 2014 Ho] X/ rie} go] mure] Lo
o o 2mo] ZolZ 3089 Ahe FAPAAEN AR
DA A3} S Fhurke 4 mofow PAHY
Fig. 3014 20 2 £ $20] 442 326me

SEEoH Ad #ole o B FHE wEE

Tt Fig. 304 TE=l= wHro] Ik o= gjof 7-874
ol Fu] HidolA A %9 HH(terminal hair)
24 T #HoR LE=WA ZFdsKkeratinization)
7h A58 Ztolty. Algor o B2 SAb A EH
F3Kweathering)=)7] AJRRICH15,16].
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1
neoHair 3.0kV 13.1mm x30 SE(U) 1.00mm

Fig. 1. Low magnification scanning electron micrograph
showing the hairs near the newbom scalp and
hair distal ends

(1 TR e RN P S il T Y|
1.00mm

1
neoHair 15.0kV 13.2mm x30 SE(U)

Fig. 2. Low magnification scanning electron micrograph
of the thin ends of newborn hair

Fig. 39| FARAAAD| AEEolA o] o &
HE2 539 FH=E 1719 FEEAIZE(cuticular
cellE°] SR St} E3h O] IR S=
ZHdoly FEIZNEY NEZA d87 Dol Yt 1
2o] YREo] leEFo] HHEoH o] B9 1H|
= F 21mE SHEHUT. ol A2 HgolA Hx
& AAE 2] IHRSE ofF 7he7] diEel A
ot 2k Afo]9] upEo] oA, T Y] FES s
YA o= 7HoAl= AR Aol s &A=
Aol B3t @aolck

1
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3:26um

1 '
neoHair 15.0kV 13.1mm x3.00k SE(U) 10.0um

Fig. 3. High magnification scanning electron
micrograph of the end of newborn hair

Al78ok= obsolu gl uRZIAR AlA| A
iAo E APE= FEoly Frjo AT
= B4 ol 224 A= 3 skel/dEe] x
T ABAR Qste &4 oA "ot B9 F7
7} o 7kl wiAgk v 4E SR Sle A
EE39 FESEAE = A1 gForA A &4k

o) 74X = Aol RHEEH Bl HHO] FE
SN EE= AFHoE ] BEAAAY EeE o
FAFH oz wAo] k&HH12,171.

ZFA5HE M| E(keratinized cel)E2 FAE =Y
o F2Ha-go] Qa4 FEIETZo] FAAL Hdo]
Z=9 o5 FEAE(cortical cell) Ao]9] THEZHA
(membrane complex)?} T|AA|ZWHo| ZA5}= 7
A F(macrofibril) Afo]Z Fio] JFe] o7t
A =eH18l.

49 2 YR E ARG 482 maTEdno
FAZEY T2 59 HHEZAQ] ZEow il
o] #x2 W37t dojuwA FejA HFo
A= ZojAA "t zdo] &4E o] Hdo] k2H
H9= Tx(hydration) I3 AXR(dry) Zo] BHE
HEA 5 o dAE W7 AREHR Alel= £
7 H1 depdatg s gojA v2oH9).

2 oA 2] Uit & AARE 524 F
A= Q= AL AT & Ad=d Jung &
Chang[6]2 41480} 7] o] ¥t Atof|A] =k o
o] EREO £AE 2.5mo|1 7 T YR 1
N} FEIZARZE S QUekal B askgich

ole} Zo] Aol Bt} Tk 5IA U= F

T
K
T
R

A= 270l 2.5ml6]oNAFE 2k 3.5me] FAE 7HA
1 glom gk 9] FEEAET HEE SRR e
FHH B4 7HL e AS ]Ikt

Fig. 404 =9 27o] 958 m& A H AlAJo}
iR L2d ve A5 142 851mE 54

Ut o] FflolA mHke] =A tiH] vl59] A% A
7 H&2 0.892 UERgTh 8|1 Fig. 4014 E&ut
o} Zo] B #H| =&4 HjE2 of5 WY 7
ZoHA wEE o v5Y FPAEE BEARAY
AA Qe Bk JEEA] Aokt

Fig. 500141 29k ZAo] 135mE S 99| H]
L A% A4L 859mzE Uehgth o9 HlgS
Tablel1¥} Zo] oF 0.642 AAFE|QITE o]FolA H]
£9] 7P = BHEY FHE fAIsHL igler
H59] 7PgAte] 57 BAA BEEJAAT Aot
gehy 332 Ho|x] st

Fig. 69| A& FAPHAFAR] G/ dolA Hido] #7]
7t FolAE SHE FEHEARZNA & HEE2
YT 7H4E fAISHL Qs 20 I Fig. 7
ofl Al Hi=nle} o] 1500uH9] vigolA =] #7|7}
17.5m<1 F-9lollA Hls9] 45 272 10.2molAHE
7.70m= Bt 8.95m=E S olE 2 A7 of
v H59] A5 A4 Hl&2 Het 0518 AAEI

Fig. 63} 7014 #aEE= myke wylo] wehn oy
ot FHjof 717k FIEA WEke] HEET 30|
29 A7l A1 EE3letd 43k 9 vk AHE
HEHO| ARG AL I 4= Ak

8.50um 9.58um

neoHairO 15.0kV 13.1mm x2.00k SE(U)

Fig. 4. Scanning electron micrograph of newborn
hair shaft. Note the thickness of the hair in
areas far away from the scalp. S: scale
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7.18um

S.E?unﬁ- i |

U ' ' 1
10.0um

Fig. 5. Scanning electron micrograph of newborn hair
shaft. Note that the scales(S) are observed
clean and smooth on the hair surface

neoHair 3.0kV 13.1mm x800

Fig. 6. Scanning electron micrograph of newborn
hair adjacent to the scalp. S: scale

S.

8.49um

7.70um I,
8.66um

10.2i
4 47 5um

| RRA
neoHair 3.0kV 13.1mm ®1.50k SE(U)

Fig. 7. Scanning electron micrograph of neonatal hair
with magnification of figure 6. The thickness
of hair shaft shows 17.5um in diameter.

Fig. 8014 Ao} 2 Fu} £9] 7|io|| 7p7h&
5 FolAeH 2Y 2H9 FE S5 5k T
EE2AZEE SHF o Lde] 22 J/4dske 2ol &
WEEA. FESAESC] S 29| 22 9
AAotal R T AAE olF= vl ok H
SAIZS} AasHA FAEo] AT Fig. 814
o FAE 4740l 37m=z S BHO| Hl52 7
mOAFE 10m7HA] Hefst 2719) G5 2407 3
T 0.85m AolE 7ML It K| F7] iy =
S9 s A5 442 0272 2EY] 717t #E5
= 859 g5 47 HE2 AR FoAle A

slsteirh
i
|

|
|

’f
|
;
|

L 370um y -y 8 x4
neoHair 3.0kV 13 l‘lmm x1.00k SE(U) 30.0um

1

Fig. 8. Scanning electron micrograph of newborn hair
shaft adjacent to the scalp. Note that the thick
—ness of the hair is measured at 37 im S: scale.

0|9} -2 ANZ Table 13 Zo] 23 HHo|| L&
2 H59 A5 A7 dol7t BEo) 77| {50l B4
QAR Aoz ERIFEIL &,
oy 72 79 74 &9
A HeetA] et A A
sttt Kim & Chang[19]2 41430 B #Ho]| L&
ol &= e THAL 4t 2] vl BHE
Hot g yehged oA Aot B9 #5717t oF
7] wizo] AT A7E AL = FEEAZRH A
HHoE HAS 4= HHo] YojA]7] wjEolgt
S-S b L=

HE9 A% 7o dAT Zolg fAsk= A
oA Fe o] &0 w st 1o
FHA0] Yol wdS el Qe FEESY
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FEHEAZ = S7HE0] Ld2 FofA AT i
AT dolz A= A rigt.

Table 1. Ratio of longitudinal axis diameters of
scales to hair thickness.

Longitudinal axis
Diameter(um) of hair N

diameter of Relative ratio
shaft

scales(um)
9.58 8.51 0.89
135 8.59 0.64
17.5 8.95 0.51
37.0 8.50 0.27

4 A E

B A AlAJof ] muto] 7]z oA e ok
BopiA| 9] ejRgeiel mt HHO vES FANAN
uFog st Algotm 2 Fujof QIHg F
SJollA R muro] ERE0 T ZpE dultelA Tk
o= A& FRIstgltt. 19| 7|5 Zof Qe miE
7o) 37m=E E7Z= L Hke] Uek 2919 17
3.26mE ESAE QI WY mrke] HohH e
439 FH=E 1749 FEHSAE7 S8 YA
ek 7h2 27 o] 2 29| REH vE9 A
27382 2o £A7F 9.58ml FHoNA &
159 A&=A74L 851 m= 0.899] Hl&E Uehd
2k A7o] 13.5mel FolA BE9] F% 2%
8.59mE °F 0.649] Hl&S Uetyrt. 2] 13
o] 17.5m<l F-olA v¥l59 &% 242 10.2molA
HE 770mZ 4 0519 Bl &S veRth F19
7|5 Zof| 77k #& Rk HHo] 37mE SHEHA
I HEY A% AL TmollARE 10m7HA] &8
Ak o] Bl A Hl&L 0.18014KH 0278 UeR
ot 2] FAVE ALLE w29 vEY A% A%
o] Hlg FAE Ao R FolA|= Ao R FRIE )
Ak 2k 79 LE2d HE AE A2 29
#7710 TAGlo] vlsolA el &, 7k ZiEolu
F2 L 3o k&H HEY A% A2 A W
shob] = AL F]Istrt.
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