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A Morphological Study of Exposed Chicken Flexor Tendons

Ho Jung Kang, M.D. and Nam Hyun Kim, M.D,
Department of Orthopedic Surgery Yonsei University College of Medicine Seoul, Korea

The depth of wound level is as important as the level of the tendon i injury itself. And the timing
of the operative procedure is an important factor. As a rule, tendons injured outside of the flexor
sheath yield much better results than those injured within the sheath. The nutritional supply of the
flexor tendons is not completely understood. Many elaborate studies have outilned the vascular
anatomy of these tendons, and not all authors are in agreement. It is now clear that synovial fluid
within the sheath supplies nutrition to the tendon much as synovial fluid in a joint supports carti-
lage. With this in mind, the present study was designed to determine the effect of exposing tendons
for varying periods of time on the viability of the tendon and sequential morphological changes.

The results are as follows:

1. Twelve hours after tendon sheath removal, collagen fibrillar dissociation and irregular surface

of the tendon sheath were noted on the chicken flexor tendons by electronmicroscopy.

2. Superficial tenocyte necrosis was created after 24 hours of tendon exposure.

3. At 3 days, inflammatory cell infiltration and thickening of the outer synovial layer were noted.

After 7 days, fibrosis of the degenerated tendon started from the exposed surface.

4. The fibrous connective tissue and new blood vessel infiltration into the tendon were progressed

after 7 days.

From these morphological results, any interference with the synovial environment leads to a reg-
ressive change of the flexor tendons immediately. It is suggested that delayed primary wound cove-
ring procedure within three days an after exposed tendon injury is ideal, and it should by done at
least 7 days after tendon exposure.
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Fig. 1. Normal tendon tissue, which is com-
posed of tenocytes, collagen and ground subs-
tance, is covered with a visceral sheath (H &
E, x200).

AP AAEEo]l AXFT At FEBdd
e AFE Atold IA FdHE A4 @
Hg Hole AMEI dew, Az Ao
€ FEF dwd Aole FEoE FAEY
(Fig. 1). d%& Aloldle HFAEAR vIAF
daETzE0 WidsH UA 4. FAEEV}

e 25 3% dzye YALS F=2

Fig. 2. Normal tendon tissue of the compres-
sion part showing pronounced distribution of
chondrocyte-like cells in the volar side (H & E,
x 200).

Fig. 3. The scanning electron microscopic
(SEM) finding of a normal tendon showing an
even and also slightly irregular surface outline
( X 400).
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dEAA 8 & Ae ASHAX 249 Yy &
olFx sl AL B 4 UAKFig. 2). AxE
olFoez © Frjy FPYzE AL A1 on,
A3 Pate ] o] Fo]l- T REF visceral layer,
Foju o] v}2% & parietal layergt 2 gt}

FAMER 7 @FEA B A7 de ¥4
2 1A% callagen fibrilo] 4 2 enmesh E o] A]
collagen bundleg ol 3 YT ol&Ig TFIH
HEATEE goo] U1 Y FRIH, Qe
TEREG HHHYI FYFzE BFEA €
. 3y §re o 15-30ume] AV|FE
o] t}(Fig. 3)

g9E AAT Bl dFxe dAXY A
2 E7] (cellular process)s} ZAE WAL
bundle2 T48 & & + Ut gRE9
bundle 43¢ FPYFL 2 o Y

(TEM) finding of normal collagen fibrils of a
chicken flexor tendon showing different sizes of
the diameter and the cross-banding pattern of
fibrils ( x 65,000).

(TC). There were fine filaments and mito-

chondrias (M) in the cytoplasm. The collagen fi-

bril *(CF) is densely packed along the tendon
cell ( x16,00).

Fig. 5. TEM finding of normal tendon cell

o 7zE B 4+ HES 2USHA 745 3
A ot

EAAREYE FEY FA 1-2pme] FL
A A 5-6um 27 2] collagen bundleo] A&
o Q, bundlee 0.1-0.2¢ F7 ¢} fibrilo] A
2 FATRE Holt =EA dF Ho=
1-2¢ A7 2] bundlee] EA3 7= %t} Colla
gen fibril& ZEA AUdA dag 3 glo
A A tapering H™, WRIAe] HolRthe i)
gt} o] 2] & fibrilA}o] 9 stress transferv v]4d
$4 83 E9 proteoglycan, & %] collagen, T}
€ YA i ojFoIY. F FRAL
stress-transfer matrixtjo] E3FUe AE£4 o]
g+ collagen fibrile] A o2 o]FojAc}
(Fig. 4).

Al MExes dAES) HRE o)Fe €9
M E 9 interfascicular cell2 o]Foj Rt} AA
Ee MEZol vuA xdstu U3 RERE
&L L, HE o APAE A A
tH(Fig. 5). o] Hla] VXA EE 79| fine
filamentt 7}A 31 Qlow, e dHozr A
M Ze 24 veldo. Interfascicular cell

Fig. 6. SEM finding at 12 hours after expo-
sure, the sheath has uneven outline and rough
wavy appearance ( X550).
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& 33 & %9 intracellular filament& 2
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ol &Y Fo Bosle AL F25Ho A,
2. UEW HAHE 2
7h HAERHE 12412 Az
S Y dzAe Beo] AHE gl

oy, ¥ ®my FPslPn, A stri-
stionFdg& FHE 5 AAh B3P Ao A
= o 225 9 wRFAM e W
7b BEAHR gUrh AT ug, e
T Oz vns xolg Y 4 AU
masson-trichrome staino| & & A2HL w
olx UArh

FALEUI AN A z7)d FHAQJQ He
Hee] FFT7=E (groove)Eol F7HY B3
AL AdojAe Aol AAHUA, Tuj g
A e e 7} ¢l= fibrinE A 3} fibrinous coating
9] gelgef 7l AFHE YA ). fibrin material
Alolel] AR E3AHE AFL B F YA
(Fig. 6)

FAEu A4 JdAMEe thdd =27)9 collagen
fibrile] cohesiveness®] Z+A o) ]3] fibril A}o]
9] 7t#Ho] ERAHe 2 WolAA = o, fibril
Alo]o| electirondense material®] ZF7}AZ7 & =
28 £ AU Def oA AAEE FH9
collagen fibrilZ} adhesiono] $lo] A H A] retrac-
tion®l & YAE Hol7] Al&slH, interfasci-
cular space®] widening® 74 #EAF += AA
o} (Fig. 7).
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Fig. 7. TEM finding of 12 hours after expo-
sure, diagonally oriented fibrils (arrows) at the
surface of flexor tendons are the first indication
of fibrillar dissociation (CO) ( x 55,000).

of, §doz @A 2 Wy 9
X AzHAA ] REFL S¢oz g
Bz We g

BeHu| A Ao HFAHAE, nuclear debris,
fibringol &3o] HAA AP} P
Z o A = fibrinous exudate ¢} polymorphonu-
clear leukocyte?] o] Hol7] Az, 9
FAEZe Z42 Wz gl Ax3F 249
He zAgHos QY 5 AT

FAIED B M e BZ #als B B9
oA EHE Y3 U+ fibrin coating B9 o) fi-
broblast 2 %e] AMIXEZE 713 ME7 e
w7 A zaiy, olad MEEVEL umF
HEP e HYYg o217 Y} (Fig. 8). Y
Ho A= carter9} groove Bdo| HolHA o}

A AEe YAE AT 5 e HE9 9

Fig. 8. SEM finding of 24 hours after expo-
sure. Many strings of fibrin (FI), some inflam-
matory cells and blood cells (BC) are seen on a
superficial area of the tendon. The ground subs-

tance may be seen in the back ground, but no

collagen fibrils ( x 400).

Fig. 9. TEM finding at 24 hours after expo-
sure. The flexor tendon shows a collagen fibril
(CF) with surrounding “Type 1” particles(short
arrow) and “Type 2” particles{long arrow)( x
55,000).
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BRYE S &% 3t 2ok Craterd:o] A & 5-6um
Ao dZA E9 YE collagen bundled] =%
o] Bol7] A&t} FdHelAE HF bundle
o #Helg #UE = YU

EANAZHT 7R AZAA A bundled o) fibril
o &gt APHE Aol iy, HaPuj
doA HlojUe fibrilo] APl 2]3) ta-
pering end ¥ A7& #FE # vt fibril
Yol =& periodicitytd polysaccharide
particlee] Wi gl ¥ ¥HE #FE 7 8l
t}(Fig. 9). Interfascicle: B A = 87 & 3 A
X9 iextracelluler) collagen fibril®] a4 R
o] RolHWA MEAAN BHAHAEN AR
U Fxo Z7A47A€ 9 5 UMeH, ¥
¥ 2 (pyknosis)®] AZo] Rol7] A3 AT
(Fig. 10).

C}. HAXHH 48A12 ZAZ

SorA oz AzFe RFo| BT, T
HE Aol Stk FEEn A 244

Fig. 10, TEM finding at 24 hours after expo-
sure. There was retraction of the tenocyte(N)
from the fibrils(CO) and vacuoles(arrows) in
the cytoplasm( x 45,000).

i,

i

Fig. 11. At two days af

ter exposure, fibrin
exudates and some inflammatory cells were
noted on the superficial tendon (H& E, x 200).

A A PH PMLe HFo] Bojm Jow,
ol#dl AL F2 F&9 FHRY 9YFHI
Alslgch @out XA fibring] deposition
o] BHAEM, dRAME %9 detachhP =
Holxn AU dEAM T AL L GAGE w

T o

-

Fig. 12. SEM finding after two days. The su
perficial part of a degenerated tendon shows
low grade inflammation and collagen bundles
(CB). It revealed a marked uneveness due to
cavity formation (CA) and splitting of the
fibrillar components. ( X 600).

o

U

Fig. 13. TEM finding at two days after expo-
sure. Diffuse fibrillar dissociation on the expo-
sure side, pyknosis of the nucleus and an irregu-
lar margin of cellular contour were noted (X
30,000).
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g MEFeoczxz dderte F4e #FE
F AR H(Fig. 11).

FALEO| B M= go]l 23 EH R4
collagen bundleg] FEo| A=A, 4B
9] fibrile) =23} distortion® 2 = dom A
FotAlEe F7 274E& B #+ Uk Folu
Hoz FAdd FEAAM AFA K9 fibrile] uf
do] zE2H} #HIE B9 & Ay
(Fig. 12).

BEAAAE0E L2WYde BEFA bun-
dlee] &iz] ¢} fibrile] distortione] © a3t
Ao B #9 fibrile] &9 (end) S THEEY
F UA Bt AAEE A FEYE vesicleo]
7vetE A A xel AA el FA B
Ae A#F AEW organelleo] EAQE elec-
tron dense material& Holy AL T/IFY +#
21 tH(Fig. 13).
gh. AEHA 39 FaP

S¢H o R v AV A AL B

¢ & AN H(Fig. 14). B v F o) A= sub-

synovial areadl| edematousdt ¥ 3t} 7 PML
o) #H&o] A=, young fibroblastEo] B3
3 wldE HolWa #HED 27 Kotz
Aol AL #AFY £ AU EFAEY F
& 5 2]+ masson-trichrome stain intensity 7} ®
A= AL & & AUKFig. 15). Synovial
sheathe] &4& W HYores Adndsy
AzFALE #FE F Aded, oy 273
F2 AZAERYY PBAEZ 3= avascular
areadl] A} HoJytth

FALA A dEu] ol = collagen fibrilo] 2Z&
Y F 9] particleo] o] QoW M2 §F3

Fig. 14, Gross appearance of the exposed
tendon after 3 days. Yellow-brown discolora-
tion and loss of elasticity of the flexor tendon
are seen.

Az, AYPAYo) AZAE Ao BRIYYY
(Fig. 16).

EAAAEE A NE B day
deo] HFeliA YA F bundle, fibrile] #a) &
A Aol AR Faiod AsE He ¢
UL, FAES} YFAE} $Ydo| b

Fig. 15. At three days, early granulation tis-
sue infiltration and thickening of the outer cell
layer are seen (Reticulin stain, x 200).

Fig. 16. Longitudinal section of SEM finding
after three days. An irregular ridge and par-
ticles of collagen bundle (CB), some inflamma-
tory cells of 5-6um diameter and fibroblasts
were noted in the visceral synovial area (VS)
( x550).
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2743 ¥4 #FHAN(Fig. 17).

o HEMAH 1T F22

1FUdAREHE g3 gay P=7, ¥3
A2 Z PHMNEFO P29} AxFH 23F
oA #F= 3, YR synovial spaces] H A
ol AFEHAG. AFH T o] ¢k 1/389

Fig. 17. TEM finding of the superficial ten-
don at 3 days after exposure showing marked
disintergration of the superficial chicken flexor

tendon ( xX5,600).

Fig. 18. Cross-sectional finding of the ten-
don at 7 days after exposure. There were young
fibroblasts and new collagen tissue which was
stained a light blue colour (Masson-trichrome,
% 200).

AT A Koz F9)9 ¥ 2
AZHAA 7199 MEE A= 8o} A
xrge] AEXEE T4 5 A} Synovial mem-
brane o}#f oA ©]Z 3 HP3A wjdol gl
£ young fibroblast % & eosinophilicd col-
lagenous repair¥4t& HRHolHx, dRIME=
AMZ A== blue colour stainge] WY A7}
#2519, reticulin g Ao A& fibroblastZ$] o
|23 7}& reticulin fiberSo] A=Y}
(Fig. 18)

FAE A L AN E SolzYoE YA
AUz HE BFEY) oAy HY S A%
E2 ¥Hde AE B3FE &+ A

BA AR F AN A= collagen bundle,
fibrile] she]e} HPAFH3le] AP &= FAo
A FARE oA &7 2L &
AL B4t
Hh AZEHNA 2F Hoz

2F A A X synovial spaceo] o} ¥ o

v (L -11 '.gp : ‘ l:}‘;"lz;

Fig. 19. Cross section of the exposed tendon
at two weeks. Blood vessels and many reticulin
fibers were seen in the deep layer of the flexor
tendon (Reticulin stain, X 200).
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=
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Fig. 20. Longitudinal section of the flexor
tendon at three weeks. Reorientation of collage-
nous tissue was noted in the damaged portion
(H & E, x100).
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Fig. 21 A. SEM finding of the exposed ten-
don which was covered with a tendon sheath at
7 days after operation. It showed a stratified
squamous epithelium-like cell lining ( x 350).

F2, AfZFd o3 {2l HolwA,
AFA Y o 125A7AAE AFAX] AH
o] Yvelut} 15 Ao vl dFAEY
%A 7 7 A8k 1, masson-trichromedd Mol A =
20 Y3t 2-& collagen fibero} deposition
o] Holu, Mf3 UdHE P reticulin
fubere] A& w= trgFo 2 vhebytrh(Fig. 19).
Ab. AEHA 3F o2

AzAA 259494 o FPsolx Ao AZF
of AXA Uz st HolHA HF23
o] A&, AFAH A FI1xHge §F
270 f A AL #FEFE F AU A
ZAA 2FF HHA FFSAE AL 4
fibroblast 2] cellularity 7} 2433 A, &1 dense
st A& vjg L ZFE collageneous connec-
tive tissue2 W2 H & Z & masson-trichrome

dANN #FAE 5 AT (Fig. 20).
3. AxBES

o 24X 70AAL A
%2 AR FFHE E3HHA fibrin exudate

Fig. 21 B. Cross-sectional SEM finding of
exposed tendon which was covered with a ten-
don sheath at 10 days after exposure. Collagen
bundles (CD) were covered by multiple layers
of flat mesothelial-like cells ( x 400).

9 Z¥ol #AFHAOY, 2 o|Foe Wx
99 AgzAHAAN FAFH7 AFse SKol
zAR HezAor 937 ARsy 39 o
FHEE dzAdAM FdHzTHd Ay 2
oldg WAL 4 AAUTHFig. 21 A, B)

B BFY AZREET 1240 AF
Fold W ol4ade WAY 5 AU
2719 FAENAaAoNE AgRAY ST
E2 €9 F8 olgdE Sold AWe AF
g 7 Nen, BxF AA e FAHAZED
AAZANA 1247+ A#Fd A cohesiveness?]
Zaxo) 9@ fibrile] s E #EAY = e A
Egon 4% AuME o|e wax I
Reo] AERoIM R 48417 o] Fol A
= HAA AAL Boln 2 YUrtH(Table 1).

o &

22 Y22 TAEY Az, F99 2T
23, AS(vincula) & o]Ro|A TzEN 2=
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Table 1. =2&4E d22o dedty wsl

JRU e Aze B -
487 /égg&/ EJE?Q ‘é%il%ial q8 27 T’*Eiﬁ s}lz}ggla
- o] A A 3}
Al 1247k - - - + +
(Az 24717t + +- - ++ ++
A AT 48417 ++ + - +++ +++
3d +++ ++ + 2 3
13 ¥ +++ +
S ++ ++
3F + +++
A1l 124 7¢ + - - + +
(Az 24 A 7¢ - - - - +
HEF) 484 7 - - - - _
3dol ¥ - - - - -

-I8lS AR, A4 IEREE, 4+ + IR, B A,

AN Ax7 FAYAAN #A 9 (bow-string)
LS g 72U Ex(pulley) 7t A Wi E
Jde= FHog @ Wit (mesotenon)d T
7b olA el AUNE Bojrte GEES
d%ge . 4L AunUds UxE 280=
o]Fojzx ¢l oA visceral layer®} parietal
layer2 T2z, 4L £ 5 19 glid
ing 43 AYFFE BFEA Hih HIo
FRAY Zo4E AN3A B A7 o) F
olgoy, olzlx #AxU ¥ No Man's Land%
Mo FIX2 FEFe &4 A& AF
g d&3}7) o]Pr} oS o g A9 F
A 2 Ao A{rH dE FEIF A
EZo] o AHAolth o3 w&We FH A
Hate] gt Rie fle AHdA 252 3
29 daudAe JEFFF Rl o
72 &ide] lth

Mayer(1916)= e dYFFHol He ¥
Hol 4719 RHEoAN HAFFE vt B

gt & o5-de QAR BFH9
A=A AWz (paratenon)H} AFE F
AN WETT SHTh 1940W TN RE 82 eE
Uy 2 rAgEzgdE5 S 53 B Agd
Aue 82 32 P& Uiz U@
A7 RuEAch. Edward(1946)= &9

Hulgg zAbsle due gL A& +4
332 9+ Collagen bundie F9]o] HstA F
o8 wdsoM RATRE o|FHA M2 I
o2 d4dso 9o Zzte] intratendinous
longitudinal channel & vl F#H3 2719 ©lA
A o2 FTAHAETDT 31Yr). Brockis(1983) =

ARFTUAA 29 2 AT FHF o)
Zd A Yoe AR, HAFE FFEsIH o,
Peacock(1959)+ 232 A9 dAlaTF
o] woraza (0.1xl of Oxygen per mg/dry
weight per hour), Tl &2l AT M T
ZRAFY 1§ X HEFAV JHF
sttt st

aseg oj# g vl FEuAE §lolH
W Az HyPdwstel At dojudEA
wgddo AAA A Fuh ol v
Ezdoz YAty . AR A&
Fol Yetve vrgo] i ggstnz d&d
Fol Az vAsHTRE FFE] FH3
71 o g oh.

Caplan%(1975)2 ZJd& FEHo] w
A Bolernz d HFA AFE B A
o] QY FTFE EEAIIIA F=E Fos ot g
txn WA We R HEEXEe FE FAH
H, | &5 s U1, FF 2 4F %
= dE ¥/ Adn s S3He ¥4
FE7 e 299 Holx A FAS 1/5-1/
371A 2 ghgstAl AL Ape,

Landi%(1980)2 &g #A7|AFA]e] Ho
2 ke ¥R %o #A3% Friste RS IR
st o, oz Jle dfe daHAL AFA
of e ¥&F o) FislAe gttty F7
st E7olA A9 dFFE 2.1-2.8ml/kg
/mino 2 Ao & Wyl A9 gloy ¥
FFo] ZAFx 48R g= 71H da
Me @ ZFol BEgAsIAY, wE A
A E ¥ (revascularization) == A3l3z o
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g7h Az dojur] QY Rojgdn 4

Ak Bz FxHQA WaE A9 parti-

tion coefficient?] A3 W3lel Ao 4
& HALE Y T2 ¥ £5 A 230
v A o MEZ YE5557]) wEo
tn Az

Lundborg ¢} Rank(1977)& A 22 %.9] 1/4
X 1/37tA ¥BAEEI E=30n sgo
W A #EEAAe 2R ¥R
X7t e REL F ImmALY Yolatm 3
WA de 7 BB wA o] M
qAth 53 a9t HEse FHoA o)
#4238 (compression force) 2 7}3 Wo] o
o2 HAEEV ¢le dzxFe FAN AR
Zdx 3t

¥ A¥9 AYURFANE A} F=
Fol 1/4-1/3%94e X de npER ¢ (friction
surface)oll X B + e AZTAE 2o 4

o] FAHNOH wjZel 1/201 45 2
AolME AENERYY AXE B2 5 gl
Atk ME ASPFoA FE2Ho 4o ¢
AEA f¢H+E 7|AE synovial environment
o B o3 JEFFTF A L Wz A
2% Y¥S BRI AL FERN »
2843 @A AEEHo 2] "WEY oz
A8 5 Ao}

Axe 899 23722 Y¥X (visceral
layer) €& 9%} (epitenon)eldlne 3H, A
ot ofe FAM¥EE FTAEHAA 1-2749
AEEE o33 Yo, R Frjo]e] F7to=
gAAEANAM BAHHEE @do] YA Ag
gliding7] Mol #$Q Age b Azxe
ol x WEFA] FHZANA Kotz 9
AFE FolF7ie 39, gHol FAz Lo
gM A AAY JYFFAE 2 A¥L 3§
o e 4dEA AE,

Potenza(1962)= A%z A% #BAHWe A Zo|
29 53 dYTIFE P ANY gde
5 Jd2E AFP=ttn 319 ol Lundborg
¢} Rank(1977)% X e 223Es =2 @
Hol Fato) o8 YFFTFE wevhn A
7V 2&9 AAXE AZAER gite A X
23t g8 wddn 4.

Mansked (1978)& U %ol, &, E7|, M=
o] &3] tritiated proline®] FFE o] L3l
d@3e 5% #F (vascular perfusion) 9} ol
o] &4t (synovial diffusion)e]] )3t Az =
8498 vAdlY RE EREEY A3dE AH

A= ol segmenti= FAake] ojs] FE3] o
& TETeH, odF AL PAEY
BEte F839 o w=2A AgdEdan g
th & ALY FHYLE ojgEly 53 A
TEE MY W9 IR B %o FY
Are F=F7ME HYoy, £%3 £5&
HHsls 428 £ dn Yo & du
el &4 (solute)o] AL F4@ 7|Ad FF
H Fiolm, 23 YEo) Moz @
HAEH v, gHozREe a2
7 AURe F994: Agd 8% 9L
&7 glow, AR HALEE Ao I
€ % "AAY gtz g

Manske(1978) %2 hydrogen washout ¥ &
o] &3, FAute] Hojgle 2N ¥ue:
dol gle AzFHoM A% AAE w@og
AL Belstn A3 F 4gF Alolo hyd-
rogen uptake9} decay?] zlo)7} ¢S & wI3)
AX Az JUFFE FReYd. ola @
goio] Biz2o FQ AL fluorescing albu-
ming E7Z ¢ EIFU R Y FAF, o] B
ol WxAUE Fisorzle AL AP B2
102 W] EWY 0.1lmmF7 7 A red fluores-
cene® B & Yz, 308<td] AAA EA 0|
2% fluorescenceE Holn H|WH weE &%
2 Ablumin particle?] %32 AE%4L& o
g8 F drh

Peterson(1986) 52 % ol& o]|4% A¥q
A AzxE AN Fo AxE BT I8
ZAL 31U T Y2 SAS AAH U
3 dARzAE BHE F9 H-prolined] up-
takeg ZAISIG o F HAPEF AloldA
Aolg HAY & A F A EY A
o2y AAAY FIFFF 2 dAe g93
A E dojude Row AHztHTh

o] Al A2E Bsle AL $34y
Aodle E4& FY dAAAY dFTFoU o
AHE O F7MA7IA e ¥e RoE ¢8 A AU
2 AN 922 FAsgeng olg
AL A A o3 J &S A A3}

€ d¥dMe =&2EY 244 BFRE syno-
vial environment 2] #}3)o) oj&]A] FHeo FA
o] &8 Jorg gYgFH g P B
%59 4238& B F 9doy, M2 Y@z
= 4% FA de AHolzg A A9 ¥
BEEXE &xvde £42 ¢ 94 Fos
E e ZZRo) &AL e 2AL Mo
XM, F2 FF9 F4AF g2Rx A



2o &4 2 dHdsHe 218E 2RI #
2E + AU

AZ3 L ¢ 50%-60%° FEE XHsn
omn, o] £EL wHdMdRe HEY UIE
o] EE3ln Ut dAxFHe FELE 2H
BHA4L A5y ulEdgle £8F¥L9 A
Hgg sA"EY. FESFLS A8 2AH}AY,
25 NALAAN Y Frisle LAWE
Holn, Ay Fol wIAME FEFF WsE
Bolx gtk Az FEFR7IHLE A3
gz AA oy TYFFA fibrile] HA
e 2y gA4"E F0U BEEAR EX3
Avt, @d B o2 F9 H[EolY Fih
Age] oA E& helical T+ 2o FAZAT
inclusion | & & &t 31

B AYd A collagen networko] 3 &7|ol
fibrilAbo} 7} WolX WA HAZZ A7} FFE&

AL B F U RE 49 #EHF
= wigrst ofA veius AdE AZEG

AAEE A%5E AFolAER F2 collagen
bundlerlold] Fo.2 HP&A wjdso] U
AZAE G2y T $5oln A Xt A
EAlole] @AF FAE olFWA EBEEXFT
AEAL @714 dyedl A 4= 3, she
4% 9 2ty oW ¢gudE g ve 74
e AZAERY AAXs AFHY oy
 ANEEL F2 gd9 HAH¥LE T 9
GIFFL BeE AEXEOH.

Mitchell3} Shepard(1989)& 7)7tel] W& 7}
E £8HAZ =&&4F4 Yeiue A
A AZAEL HAE =& 2AT AAAE &5
btk A & A7e] AojAFE AS
Axe] A7t HFoM HFHEZ s 7}
AL AAEn A o2 & B3t

E AU A FRAME =&EY 124
EE a9 g daY FA dAHAEe H
P W H3RA JeEd AE AAEA
AN BEFE 5 Ao, 1247 oM ol
3 dslE AAR Futh AR © ol &
H3lE w7 giNe =& F FATYA E
38 A ¥t Bojol & Aoz A

YA FRo| Y UZxFHe < 86%E
ARtz don F@ TR glycine(33%)
proline(13%) 5} hydroxyproline(15%)ojt}. =
449 AF 7183 A ES P = tropocol-
lageno] By, o]z & FHZo] 15nmo|w ZHole
300nmo] 1 o] E-& A& lefthanded, helical 7+
z24 YHddoz modA Hut. Tropocolla-

gen fibrilg 3 A 33 fibril fascicle® 34
#A FAHHY FHME XIDF bundle? =
g oA sloM e I (tensile force)ol
A&gg A st

A 2 Y89 fascicleS loose areolar tis-
sued] o3 M2 AZEHo oH, o|xA&
endotenoneo] &t 3t o] F 27} collagen bun-
dles] FZe] wel 53 ¥, dxg € A
A% TE AR de 48 34, 4 H
E4-6%FE FH3A doh. A/ F R ©
A5 BH7H70% 747 274Eof Slo

£ dYoM= @A FE endotenontt 9o
A AREU G A #EE £ Adew o
299 nddfre dRlde] E7FH3L, in-
terfascicular cell= @4 AAZESE GEA =
ol B3, AT B endoplasmic
reticulum & &3t AU

AzRE A4 YA S (collagen fibril) & <F
64nm 2] periodicity 7} %1& cross banding & +43
e DHERES £Ad mEA JeEdiL 3
t}. 47191~ 870¢) collagen molecule®] microfi-
brilg o] &1 o]Ao] §HA fibrilg o]F& A
oz o EF9 ZAAY Wl wabA fibril
9] helical 7%, EHSd W37t & + Urh
filamente] £7& 2-20nme] ARF L 72y de
HA, 24 A fibrile FAstAE ).

Lillie(1977)5& A ZFd a4 SwEol
2t 58 microfibrile] £22 %9 #AE 29
A fibrile] FZHFE dosjoz AFAHY
d g3e va 4 gz sdch & &9
u} g} fibrile] 2] (dissociation)$} fibrile] E&
o ApH 9 cleftso] #&E & A FAT

74 % 9] dimensional change o]} phos-
pate buffers] immersionAlE #8&En P2
#aay] olel e A= A 3HE swellings B
olm flod, HAEHAN BA FeT I
9 11, glutaraldehyde® TAF A foles HE
Hatg FA Fedn st

B AgeAe dxTore ¥H3tE VIFEL
2 #d Y89 dimensional¥ 31 ZA}8}
o WYPAME9 cross banding % interfibrillar
space?] W3 E vwIPd ARE XY
&£A8 doA] F2 27| HEE FA L F
ANARE0) A S o] f3te FHIA 124N
B Az ¥ zdAdfe 3 dsE A4
g & ded, 39 AGEREY FA E F
ANEo| A 2788 BaEuA LA BEE
2R AT =& FA Zdch
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Collagen fibrile] Hel7} 2 #F¢ $A7E
F 71de F 49A AR gou, otvix A
W3 T 3%, multiple hydrogen bonding, tropoc
ollagen moleculeA}o] @] staggeringo|t} cross-
linking fj o2 Az=En, o]z 71Ho| fi-
bril®] morpho logical integrity & X 3l=d &
83 9¢E e Aoz AZHE,

Collagen tiAtol #F AL wmF LA
oy, sigsyoz AHI FAA A = pro
teinpolysaccharides}2] @Al WalAds H=E
g3 A A ek} 18763 Flemming2 X Y4 &
9] bundle©] mucopolysaccharide, noncollageno-
us protein, very fine collagen fibril, +8 o &
AE AXN A4z A9 ddx sH
o] 2 3 mucopolysaccharide9} collagene] £ ¢
Al 842 electorstatic forceo] 2% Holw, &
gl gol et 2oHA JAS0 Wsl e
2 39 th Weeks(1965)5 2 49 %7] ¥
232 collagen bundled} acid mucopolysac-
charide ©] amalgamationo] ¢ 3Jtcttxn 3 F o
Jackson(1953) 3} Edward®} Dunphy(1958)+
HAtd3 %7} cementing substance® Z8-3to]
chondroitin sulfate B, C¢} 7] polypeptide 2]
interchain forceo] 98| Agdctxn stH o).

£ H¥EdA AAE0 A ALHA polysaccha:
ride?] type I, I particleg fibrilF=9o A @3

F AR o, particles] HIAY S LAG
#EFE F AL

g AFolEdAH PAHEE HFolAEY
49 FHojnz FAAFo #HAd3le AL
oS E A &GA B FAste AX
EL dx ¢ FH9 A=A A o] F ok &t
o, o7lde =i dFFo] oA do
+ paraaxialo] &3}, Lundborg ¢} Rank(1977) 7}
FHe €3E7 208 FHAZ YolA
Fagkes 53 JYgTFVeEx: XN &
oll, MEZe] F4o] oL g RAFH
A Ao YWHA FHA7IHel ASE FAE=
axialo] &, & 79 AFH HEE ohz U
AXE HEAS GEFFo Ao AEsHE
oldet AFFYHNAE AY UAthe ol &9
At} olfelx F7kA 7)Aol FAM FHEF
e #3= Ao

B Agdre o2y ¢ HdaxF9 ¥4
o] F2 9Re] gAY ANZHNARE F
2 Fo] Bojovs AW E FEFY F UL

Kleinert(1973) 2} Verdan(1960)& 2] AA
AT A7lE FAVRE 3749 @e

HAE Rolx glon, HHF A7E 974
AT He SRR olF, @8 #a, ¢
A FHFY HAFoz Fgo] o¥gn
3t o}

2 AN =&de AR gE e
&3 WalE dEste HHF A8ANE A3}
A sgen, dxEY & FAdAE 3
dollol HAAde Aol F& AR Azhy
o, A2FZ7 &48& 2A g FAMe 7
ol o] Fol&td A7 7R A &4
T4g 5 Udg Aoz ARHD.

Lindsay ¢} Birch(1964), Farkas(1974)% 2
7o 23] e 344 28, ¥, A
& B3 T EIJ ¥ssln aFgME
53] 3Ae Ad 7 FA 7l Alge #3439
714 fAE G dte Aoz g ot
AAZ o ST HIAFAE APA &
2ol 7IHslr]l= ol & FAoz Asgd, F
799 Az, FAXE ¢ FFBF FoA
T B ¥ demz gorye AAHE
ol &% HEE T AP FAYPo) Yo A
o2 Mg,

a4 £

He S FEEL o] =E2ERF AT
o] Ao wE AxHe ety Wes 3
FAL HAEE R 2 BA AZEn)
sty en 2 AES AU
D) dze4ds g4 Adzx3o) =29 ALE
AAEeZ #2Y, 45 124028 29y
fro &y, AAE 2 Az HIYAH HHS
a4 F Aok

2) YR FRY 24U FRE 4F
AME HKol A2AHH, 3dREE= 279 &
olza Ao BAHAU. 1FIFRE = 4
F37t AREH A 3F7A A& AYHE
RNg #2Y + Asd.

3) dEMAMEY A&, Solz3d YA, 443
o] &AWL AZte] Ragte we FE FZ9
FAE, AESFEAA AlFEHEA AdAz g
Hojzte AE 24+ AU

4) dze Aol gle IR 2 827 o]
AEd T2 PE9 &AL F99 Solz3
o] A o8 3YFHE coverst AERET,
48417t ol Fol= dZ3F Al WAL BF
g F gl

A7 AE v =&ENe] Ao o

ol
lo
i
e -
?l_:‘
o
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A Ao X g8A7)e ¥zt dow, A8E
Rz F2F AL viAe Aoz AzxE
Eosta MY AE4E B2 ToxMe 3¢
ool AdLAFIFEE dAlste ol oA
FHoln Rolx 1Fddde dAgtdor &
AFHE 2& Aeg AEHAY
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