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Experimental study on the influence of overuse activity to the long
head of biceps tendon and paratendon tissue in a rat model:
a histological and biomechanical study and
the nerve distribution investigation

Abstract

Objective: To study the influence of overuse activity on the shoulder joint
disease by morphology, biomechanics and nerve distribution of the long head of
biceps tendon and paratendon tissue in rat models, so as to to investigate the
etiology of the shoulder disease and provide a theory basis for prevention, diagnosis
and therapy for the shoulder disease. Methods:Overuse animal model was
established in Sprague-Dawley rats. 24 Sprague-Dawley rats was randomly divided
into two groups ,and experienced 4 weeks and 8 weeks overuse respectively with
bilateral shoulder joints, and then killed them to achieve the long head of biceps
tendons and paratendon tissues.The tendon samples were studied by HE and Alcian
blue stain to investigate the changes of the histology and the extracellular matrix.
The nerve distribution of tendons and paratendon tissues were investigated by
modified silver and immunohistochemistry stain and the sbustance P-
immunoreactive nerve endings were detected. The long head of biceps tendons
were got with the scapulae integratedly and then were clamped to the tensile divice
at room temperature with the constant tensile rate of 4mm/min. After 4 load-
download tests, the tendons were loaded until ruptured. The maxium loads were
recorded, and the maximun stresses were calculated, and the maximun loads and the
maximun stresses were compared between the experiment groups and the controls.
Result:There had no obviously difference between the normal and the overused
tendons to the naked eye. They appeared glistening white and had no adhesion with

the surrounding tissues. Under microscopy, regular parallel bundles of collagen
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fibres and spindle shaped tendon cells were found in the longitudinal section of
the normal tendons. After overuse activity, the tendon lost their normal structure at
the site where the tendon faced the lesser tubercle and showed some structural
features of fibrous cartilage. The ovoid chondrocyte-like cells in the tendon were
also found, and in this area glycosaminoglycans were increased obviously. After 8
weeks of overuse, the area of the tendons’ cross section apparently declined (p<0.01)
and the maximun load and the maximun stress decreased significently (p<0.01)
compared with the normals. Through modified silver and immunohistochemistry
stain, we found no nerve distribution in the tendon themselves, but found that there
had some nerve endings in the paratendon tissues. There had no obviously
difference on the mounts of the nerve endings between the normal and the overused
tendons,but the mounts of the substance P-immunoreactive nerve endings increased
significently. Conclusion:Because of the special structure of the intertubercular
sulcus, there will have some effect on the histology and the biomechanics of the
long head of biceps tendons when shoulder joints have overuse activities. In order
to adapt to the pressure and shearing force, The parts facing the humerus show
some changes of fibrocartilage with the inérease of glycosaminoglycans. This
changes decline the capability of against tensile force of the tendons, so the tendons
became easier to be damaged. The mounts of the substance P-immunoreactive
nerve endings increase significently after overuse activity and that substance P is a
neuropeptide which can not only transmit and control pain, but also mediate local
inflammation. These researches show that overuse activity can increase the risk of
trauma and inflammation of the long head of biceps tendons and the paratendon
tissues and is an important factor to shoulder joints diseases. These maybe provide
some theory basis for prevention, diagnosis and therapy for the shoulder joint
diseases.

Key words: shoulder joint the long head of biceps tendon overuse collagen
fibres nerve ending immunohistochemistry fibrocartilage biomechanics S-100

protem substance P(SP) glycosammoglycans (GAG)
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WA, MBRRE-KATHRERETSHTHRRINER, REEE
SYH b, FBERRESERESM . FIINEEHERHESELRK,
HERUHRAEGEERSEE, TRATEMS SN TEREREEKI A
AP SR, PSRN R RS ATEELEY A BRI BRI
¥, [HERSR.
1.4.1.3.2 SyE A0 7 R B Fh 2 KA

B3 Boon %S S-100 & [ s 4 1 FTHRE 41 4E AR IE 2] 1 LUK,
GEALU ST ERRMEAER A NIRBEHN T E. AERBEAT
WA RGEK, BHRPEZABRMERSEMNE. S-100 EAELELEH
Moore F 1965 “EEFMiF AR, EXNEEBMBREERT 100%%5E#
g4 S-100 HEA®™, ER—HRERESESERD, EXNEAR, 7
FE21KD, YR 20, PhiH 41 , EBEREAE, EP¥FEM2.2h. S-100
FE_MER (a, B), BEVPH=ZMEASBETMK (a a. BB, aB),
Hh S-100a a FEHFETHEAKMAM S, S-1008 B FEFAETHEKR
MM A FE RAET, S-100a B FEFETWNKREHM. BRI, BEUUL
WREALHRW, £k S-100 EEFABIAAEMS AL P AR MR AN
R, HegRNEFEEREMHLET, THETHRAMMMERT. BR S-100
B E5HEAS (REAR. BHASTEHRIE) RAERKERN, HIX
LA AHTLET A ESARMEFEX TR, GETRE, HEFER
BN R aEENERYE. MESRNRERE —MBREYR, XHY
FEEN PR EBEME AR EY . BEENSALAENRTEHRIT, L%
B S-100 T H SR AKEEH B TLRIEL AHRME BT B BT E,
CHHBREHYEERR. ERAEMTERN.
1.4.2 B = Sk LB PR R A BB T

HETHBREMEAEOIAERERXTAROAARAT AFERD
B, BER, MITEEF QBB ET KRIOFIFRLC4S, @3 %
LA Sk LR A3 KA 4> A T LRI U1 A % . Hashimoto T BIFFR R IR =

e e r N ek el T it ol A le L L e
B R T e e T e L



FOEEXFRLFLRL

KAV SRR RE BB L T GN, BUIIE = S SL LB o] Al it
A RBHLEIR I AR THREMEAY. BE LEE XM B2 K RER
= SRALA Sk FUL B % L 8 o A 1 0 ) SRR IR A
1.5 WL 48 SN L R BT L
1.5.1 S MSMEERIOE X« SrHRILThEE

MMM TR — BB A S WOYR, 249008 5§ B BA R4 .
EFSEERA—LEYRST, HPBEEK., EHH. HEE. BE=
MAREF —LAKBEUR DS T RENMTFRADREE, BEHERDNE,
BHARE. KPTEEREAZE, REONSZES FLEERNELY.
HEMEAMIR—LEERL, WREASHENZELELE, TNEU L)
MARGEENE BHMNE, KA~ D TEA., E—LBEROEE FA
GEADIL—TH GAG M. BENCANBEAXEGTTENEEN. EME
EA. BEER, BURS, XOEBEANEWEREEES, RENELE
R EYF B TR

HAPMERMS LA HR AR SH, NENHRAELDHELE (GAG).
EEE, GAG MIKEY B FRMEN NS T LU RRENAS TS, X
FURD FEEMTERG AR, REKERBROMER, 3 sl BB a2
R EE@WmE —ERRTIEM, EMEWARBGEELERNBEERES., £
TWKEABSBRMERES, GAG ANFRESFRBEFNER. GAG ¥
Pt A G5 H) L REM N R MORE TR, AR F LUR B B . B0 R
THATRHKA, MHRESR GAG MEERS, MHMEAEKR, HIb EHR
b, GAG WREXRRABRTERMIB H ¥ LYW, EUREREEERER
REAERERIAN, AEWRERAS TR IRMESEGES., &
RSKEL, CRTUEWARGHE. HMb. TBRFEZFETH, Bk
¥, GAG RYLBANFREREZ— HAMMARET —MEE KA
(48]

1.5.2 EECHESHHER

-\ . NAVAN A 3 . terNte S aa e Ll T eI et - 3 ; - ELANY
TR LT VVIRRARANARTIITLBDANAN N TAXJ/RXL- LT ALY e S ARSI



PEEEXFHLEMBX

GAG BEIFJLANEF], BEAX EHBRUIEAELEMCRGERNEZREK
HALEY), MHEXELEER LHESHMMRE, HAERESHE, BHIRE
BEREETE—REmBREENRS . S TEEEEORN, FHMLFENL
B P FERTFI I
1.5.2.1 ARNET B

AT EREESE S RBRMERERE, FTUENS Bt ERER,
HPH AT SRR S BN I BRI, M E B ARREN L, B AHEH.
4TS, GREE—FMEERSTHRMAEETE, K540+ NMHET
Ve AT A G R AL SRR E TRl TR LR E R BT el
SRRV . pH B FB AR R A28 B . Scott 2534 T RvEAL B i 41, 4 S0mg
IR EW T PhS.8 B 100ml HIBEBRZE MW, H Mgel, WE 75 A
0.06M,0.3M,0.5M,0.7M,0.9M. AN Mgcl, ¥ & 8] X 7+ B BR AL AN B R BR AL Y
BERRBERS, RKEN, REAMERUARSEER, 03M U EREF
TR AL I Rl 3 1)
1.5.2.2 BEALETE

AL ER GO TR AR EREN — N T B RAmER, X THA
EEANRA RN, WHEBEREALZERFSE, BREEFAFCYRC
WA SALTHRENE S RNTTERNMEARNNTR. X2 YBRELR
RHREMES, EERNNHANERNE-4AYE. cEONREE, BN
HEXEATRABREREA, T XK &B8S MiZO0E B KR EH
R, B RES R RBEE T B 1 Lee FYOLUNERS
BZOBEAMBRRENE SDS RAUSEHRREESHN RS TEESH: Yang
ZCUR AR R4S (PHLO) RN, o, ERENERL
ff] McAb, 1 2B6, 3B3, 1BS, and 5D4, 47 Al 4-BiBRI & RINFREL AR K, 6-
HMRKERENERRKEE, FRRREERRRARE.

1.6 ALY 1 22 BT
1.6.1 JUBRAIRE ¢

- B S S R B rnwdem TN S Sl
TULAYTJLAT YR LW AT L s s sl T



FOFEXFALFERL
L ________|

RAXTHEYRAR—FF, VEEREE, REHENNS-NAR L
¥ /5 (hysteresis), B 1#4 %t (load relaxation) % 2E (creep) = MF Ao
1.6.1.1 ¥ A7-R 3R LR 3 5 L

ERFRA T, MEMEHMKE, ZEtmBIEFR, REEHRHE
BREZFOBRT, ARKERRESA FTRRE. nECHE 2 #h 2k (8] /91
B GEEHT) ImESdRtaErEiE. 8. ZIRmBEHR AR
NIEERIE S, iR, REIRF~HEHRZRRRFRAREM: mE, 8
= ZRIMBEFEAEMEER R . ZIRERAE, FFREIR AN A
HEARA (Strain-hardened state) B,
1.6.1.2 B J7¥AH

ERMERAREET —ENRET, HABERKS ) BER 8] # 2 K 1Z 8
N, MEBRHRE T —EMERENAKF, EREREKS. TH, £
RBHKEREE, HEETARE. e EE, WEI4ERFHE
RAFET 7 S 3E 0, RAVBESKAH THEREEREERIEN. ETH
B A B B
1.6.1.3 ¥&%

MM RR BT —E MBS T, PORHR T Bl e (] (3 3E 1< 17 328 7 1
b, ZRBER TR R & A ER L. Cohen FPWIR TEHERITH, R
RARG TR ER B RELFRE LR HE ARBRE.

1.6.2 JLBRH B 151

U VE A — R BRI RG R4, AR ZEEE. ERORIMHIRRE,
RAKINERSIIRBEBEON S ERMERS, URTIFTHRHERMRK, H
BEERSGM, HREREEKEEIEERA, EERAEFREZE.
EEBAT, WBHERTLEEN 6%~8%, WANKHBERNZENRE 10%~
15%, AT0., BREAFETEKXR, kAR, SUKREEASRES %N ¥
FHERXR M ERIE.

1.6.3 14 A S B

T e S T N A X c - S AL
WA AR YR AL A AR RN A Tt NN e e . E



FOREXFREFMARL

ATHEVBKINS-NEXR, BRBAORUEBEEH, SENRKE
HRMIEERABREE. ERMNMIRT, NBERTFAKNIERSAE,
— BRI VURAE B AT IR G AR, FL7E R 2R v BEAR i 9 FT HERR U 4
ANV A
1.6.3.1 By i see

FERURE B B b A SE 0 P, Ay A ROk WU E AR B 44 F Sy
B, ik EEFEHTIN T RS, 8 i s e B & -
fiB sk, BRIEADXTEHE. NAKTTRCY, EnEESsXT
FILBE R B 0 6263841,
1.6.3.2 T

RARFRMBIER TR MEEBAHER, bEER R H
o, hndk 5 R #h 4 2 18] ) 2 AR SRR, PR IR A 18] F) 22 BE B R #
D5 R 3} B S B - R R AT R, BB EZREEME, FHKE
K fEBEESNIE, HIRATAS. §MRAARGHERTHOR,
AREIRE—ANRERS, MBESHEMEES. S EIEERNERT
EAN R A ZEE E RO B T MBIk R, AL, HEEBR, Lmfi
far-Z2 TG R SR F1/BRN - AR ik,  DASIR4H 31T A BOAFAE
1.6.4 W HEHREE

BIE R, FmUUE S ZH R EEEHR AR AE R A H .
1.6.4.1 JIRRRIA LR FLEH

HAM N FHERBMR T HRAMEEFLEN, BIHER b4 SNE R B
BRARHALATNR. MR TR B RERREEN S ER& RS HIH
R REFHRMAFITAY, RPMREFEHLREER. RERTERNS
FRUEURLEESHWAOYRERM. BRRRSEME T REZRETS]
B FEE R RS R NS RRFEAER I FRHF R ERE . R
FEAMN=RIBREERIE « ERFEEN Cly- X- Y FIREBHRERNE
TR R, M B E = RIE ML H IR R B AKE S . TR

ann B Tt S ML LR Y RANTLY Y LAt LI N em TN
TRAW/LHENVLASARITIINS LY SRR DT e - e



FuEEXRFALFRAL

EARER. EHRERULBERENENENL. FHEREFIREERE
ShEBIEFHBKSZ B FBREFLEMACHEHFH. V. VI VI &
H—H 4% & 1E(Ehlers Danlos Syndrom)# & Bl A B Bt & LB, B R B2 AL ES AN
N KK AVIBEAR 0 FRACH . KPR M Z RIS, R A, iR
HEEY N FRE. RZ BEEFEEKRERBNSFAMSTHZ Y
o ERRAT B RET M, TR, ¥ . WEMVMMERE. JEBsEL
(nonenzymaticgly cosylation){® 1 j JR 1 4k & R 22 A BRI 3, R ek 2 1T L 30
B PR 3F % A R4S
1.6.4.2 LB J 2 S B A R MR ER I R R

HRRLBRAR, HirAMNERNFEMNERNEWOEHEE. &
EEENE, SRV SEREW. UBETRRE (EERPT
# 45min) FEEEEARES CEVBRESBRTREFIUH#HITER) T,
BERBUEEEFRERRNERY, TRRENHEMEEEEREERENE
EE. HREFSTBRNFETEERAR. mEERROERFAHSE
G, HOEWREIFAERAER, WLEAE DMEM B3 Ringer HHH KN
Hfaitscse, KK EARR, RABPRSEWRELNEMER. £ 4 CHRF
HTRATUIRER SR, HNAMMMELE2RER EA, MIEE®E =R TN
A s SBERT (B 10 T [, o u TRENZRD, TERSEET, W
£ OCHEMMEAMT, FKECKMHARRIKREAES HIRAEL,

BeSh, SER P TRA LR AR REEXN K ZHBINE R, AR
K bnse 5 RS 0 53R B F 25 Lo i B 5 hn
1.7 P YIRMAEXR TR R RAERRKBTI
L7.1 P YREIRIE RS

P PR & 1931 4F Von Euler ! Gaddum 7Bk iR B RILH—
PR AR, RN A BERRRYFEEEHEFRA Substance power, JE#iMr 44
4 Substance P, f&j#K SP. ©5 NKA. NKB 3t [RI4H i L3 P Sk K ik »
IEZAHTFRARTRMLRES, B—MRENESS 4RI (brain-gut

St N, . Y B L 5 . ~ " WS )
TENTLE LU TATATANANNLL S VAALT L v gAY L o LARAR
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FUEEKXFALEEEL

peptide) . ZE¥8E, SP HERNMAMMETHMALTHA. SMUHF AR
S AESFEUERARERNIESR, MEEEHRL, EENEBES
fii. BEMNBRI SP RBERNYEESMTERA, FRESMHLE 60~80 m
B R IR EILIS . ERABRMERZE, EFHELTAEES SP ML,
IR, Ak 20%. Bh4h, SP PAMEAES Zom T AR, K44,
HEHANE. BRATRABRLAREA,
172 PYIRS THEYFERE
1.7.21 PYIRS FEHEA

1971 £ Leeman H5EX P #IBidkAT THIFF, $RET 11 JRRIAKEERFSI, BI
Arg-Pro-Lyr-Pro-Glu-Phe-Phe-Gly-Lue-Met-NH,". Tregear 55 H %A% 7%
BRI A R T Bk, JEREFIFRAIL P YR C i 6 MEEREHAYNE
PE#R4r . Duplla ZFFMMNK D BEERH HIBNA P YRM SN EERZES
BT WS R ARG A0, RIE 6. 7. 8 9. 11 MIMEEMKEEY D
MEEBRIE, ZEEEGANLTREER, BHRANZINEERTREE
RS, SZEEETAELEEIER. P YREBHER C w4
fkfERZ TRIEASER, BAERK N HERERHET —FHHE, E6
LRGP AFHAEER, SANNERMER™. EAANETREDT %
BRED P PR N SRR ER . 1990 4 Igwe FERBT RN T —FHE—K P
YR N wmtHREEGME, AREFETERATRAFAIAORNRANS SR
73]
1.7.22 PYIRGH. BHREKE

WIS RA RIS E P YRKANEMIKRE (PPT) KRR H—FF
hnRNA, B& 7 MIETH 6 AMAET, HPFBE=ASETH P YA
PPT HM%ZEAILA RN HEN RN, REEVIBRGESK. EARRES
FEREABFREOBTIZITERE PYURRKE.

EMRAERE P YRIKE, EHRAER, FIEHERN. EHXK
Bt P LR, FIKE. FUBREABRERBRELER P YR. P Y

. N RN N L hLTa e aalant T, — Mot aRe e e e, S . . L e e
RARXUWIAAT[UT T TN AR . N S DANNIALALND T A - R DT e



FoEEXRFALFERL

FRMATCHF T R MEARTER T, BEmshfeRet, 5EETFEEFR,
SMEARL, REBUSHTEMETBER P WH. MIVIEAREHMETHESR
P Y, EEESIEEFNHYVISEEHEITHN Ga KBt P YRR, &
Sk F PR AR BOR AT RSB E AR RIS R E S B P YRSB4
RIBEB . TERIRAENFRETTH P YRR AT 32 R ik 25 B ' B AR B
{18

PYRBHE, —HHESEEN P YIRZHESTIERTRAEMHETT,
55— AP L 70 SR A0 B _E A BKEE EP-24.11 B§ V) RIEVS. P #)JiTE Phe?
1 Phe8 Z [B)#EEVIN AR TR A FIhEE, MAM~AETHEREM P YR N
WK, RREMESHBEH AP HR T XHE—FFNERN: EREAHX
ML EENEN P YR ESUE, MAENE P YR Rimaegsm" .
XATRE R A EP-24. 11 BEFIER P WARERME, Hr-4TLoE P YR
N LK%, P WREHETE LN NK-1 2444, BEE _FEERS
FI B AL, MIIA B SR ME TiEE) I E .

1.7.3 P YRR RN RE .

P YR ZAMTHERSE Y, BHEZMAERIGE, HWHNHRAEEESE
PEEHE R AL FRIEE R R R /T H
1.7.3.1 P YRAETPR R REERA .

P YRR EMRE BIRENNMEIE . 250 E B £ RN
FHRMEBEMNNEANETSES P WRKMHAFEMHR AL, T
FERZIMETLH)LFEEXMEMBERD, EHFEKT, P WHEAUEES
FHGER, WEEEER. SRR 5 RUTRHE TS 5% P REEH,
B g FEA P WRFREEEYIUEM, EarER&EmE, EESmE
RN, RRNEMA P YRBER —FRNEIBER, NEEREEBEA. [
B, P YA REERENEREER, XIMEARREKBME.
2K P YRABMRER, KHEK P YRHEEAR, HEUREEHE. XFHXN
HEAMYECSEMNIKSUERFM T RE.

EAANANLLLMAES N > 2 . . e A CCAP i W . N . . - M o
B R e R e e O R S oa Al ~ SRR



FOFEBRFALFLRX

1732 PYFAARREZ FKHLEW

P YIREEE S EE—ERARO TGN, WEHED, XarRigtE
MR ENRR RN EBEREZ M ek EEREF, WIl-1. IL-6. IFN-v . TNF-
a%, NTiZE5%RERMNERERNRENEREDS ., BEEFRLZHET, B
HEHRZ P YRABE, IgA MEREERENEM, #E P YRtkEw
JREBH AL PR R A BUA W R BT, AEFRIREER P YRR RE SR
B CSa FFBM P AMRBANL. WEAFWREER, EAHEFEE,
WEE R, SEEEE LT, 10, 4 RN &g R E TR 5w, X
He3R P YR AT AR LAY E) A O e AR A i ThBEY . P A BRI BAE
KAMBRAKHBNEEEFTERR . DREAKAE X f -3 205F 5L
B8, P Bk AT LME K RAE K4 ik 5-HT®Y, BB +0EE, 30
MATBRERANSHER 90%, H KB TRBEFMEMBRILIE. 55t
EHEHFINN P YRA RS T MRS E R ER,

Rk, RBERGXS SP-LI AL 4R P YRE AR EH —E#W.
IL-1 B X3 _EMZ4+ PPTmRNA HIFFHR P Y& BREE TR E — Ml
T, Gy M= AR PCE, BRES WA FAENAERL P Wik, S
SR

F4h, PYIFES SER W . BEES). LMETES) . R ERHEEST
FEDMANT, BEMIETEIEES fE— PP,
1.7.3.3 P Y RBALAKERE

P YR ZEAGTHERGHMEABRAL d, HAEHALLZER T
Bz p YRKFRE. ABKEN P WRALSIERIERN LA, HEK
EH) P YIRMAREVIMER. —HEHETENRZHEERBEER, £58
WHRESMRAEFAREEERER: H—FTHENMREREZAHELIEA,
WERABRERNRRERN, EIMHEBFEEBRETHREMR. ATREAN
MEAMBBE P YR ATE T Al R AL KA MBI AL ATFIARE . ZEUK
B 5-HT S RFEMR, FIRALHMERIERN, XRAFHEERFIEHZ

SN PR . Aoty - . - Tl el -y
TRLATRERNY e R . Lo



FEEERFRALFHAL
L ____]

—. AHARRELBIRLBEHRHRANREEREL P YREEBAEAF,
R SERAUER, &AM RSB P YRS AESITRLIE P Y
JRRIKS, RERVEE RE LM RL R REC. BalA KEHNBIRIES P
VREEFAHEBRETERBAOMAXRT R ERAARG BT RBOEAREY
FHIRBA5689.100)  FF Masafumi FAKIBAR PRI, B FEERIRT
PASIE P YRAFKERRE, 8 P YRR IA L KRR
AKX, FSMEREEEBHERRT, MM ERGRANBRSE g P
YR RE, EAMERE RN 5] RS

1.7.5 P YIRS ARG AR RN A AT &

N P YIRS HUTIRERT P YRR A =2 FEITER . BT P
VIR Z AP FEEH sendide, spantide, CP-96345, CP99994 %5, s
LRI EFEREE P YRS BNERMEE, P YREMNIKRBTHEE
M. Ei P PR E S R AR A A 808, 1EE. . Bl
RGO EEFLZMER. ElrK EH —ENAGR, HBhFRHIUEFE
aEtt. BROMBHRAEAMERERER, FHENAENEZ R — & mH,
Afrt— LR R '

o ALY D O ~ e R P I T S, M M N
T T TR TR LA MR LTS AT LA AL A AT N S ST LR R LT ALY
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FPOEERFRAEFHLRL

E_Ey BEEEI R KA KA
RHEBHAAHSERN

A ER 4 LA R 0 7 R A B IE B 5 Al Sk Sk LR R SR B A
LS KA IR AR,
2.1 BRI
2.1.1 BIYEEIKE ST

R R AERENEKRIL 24 B, FABH AR T ES AWHH, BIZXUER
T EEHEE. Hk, FALEMKBREIEEENEERA, ¥ XRAM
wHRESGARETABEAN, FHHDUA. FZ0H R X0 AR E € T8
FEBNX L, 3 %354 30 W/min KSR BUE 135S . IEBNTEEL 150
°, FKESD 15 AR, SREIFHER, BRILTED) 5400 K. $ENESHH
EEMARERSMRERGIE. A THERKEBRXTEEIENNRE—E
fHE, TIEA BRI, 10 X/min KR RIEARMER, #FARBEL
F—RBERA, REEL, NMEEXTRE—ENEKD. EahEEHM
SHR4 KR —R Y aEF.
2.1.2 HREFHIE

RALKRAKXRIHTLEES 4. 8 AGARATELAITE, LHHGEE
43514 545.9166+17.6195g F1 540.9166+17.8501g, MHIILAME KT, 8
T kKK, MEFERE AKX TR SCENBI AL S 4 H
B, F 4% HAR/R DHERE E 48 /NET, KGRI AHL T VIREE A Tum
KR, FSRMALSERR,; B5—WEFERRERT, FTHARER =X
MBI, ZIBRMIERFE LR ERALR, BN-2CKMEGHE, &EY
HERRA; UEFEERIFL, AETE 2.5mm BEEENEEEKA
2, A 4% FHERDHRERESE, ARBERAFRN. ARMNTELTEN
BA KR (EE 548.4166+22.3137g), KA AN REAFAL.

. N P S T ) e
TANRARPDARARARGAY ALARRII[ITLIT ¢~ o e[ o AT
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213 ALERE
2.1.3.1 X5
® TR
® R
® Alcian blue 8GX (% 1%)
e iy
2.1.3.2 LR H
2.1.3.2.1 HE 38 H@ALRENE
a. P IRACH A HE BBl e FhcHl.
bR ESER: VIRKEE EEHARERY D28 Ky 2 1 % BT ML
FERE. SUNEER Ry 2R 10%E K 128 kYL 28 9S% IR 2R RAR G
0B kyE 2% 1% 80%—85%—90%—95% — KRG 1 « I ANt Ak 212
THFEL. I, ILERE2E BAhipcs s, .
2.1.3.2.2 Alcian blue (HiZ¥) ¥efa  WEEABALAMMIM LR+ GAG &
BN
a A
B 1:  Alcian blue 8GX 10g+Z&1%7K 100ml
L 2: L 10g+ 781K 100ml
e 3. eyl 1 (Sml)+ 444K 2 (Sml)
bR EPIR: VIR/KEE 228 By | Gefn S48 Kyp 228 gy 3 e 40
KYE 228 FoKERS [ [IAKELE® —m3e ] | 11, [IEBE22E® ik
ES P
22 437
2.2.1 HE AL R
IEH AL kUK LB ZE 88 T IRIR AT 4 2 5FATHES, RE5, KA
RERZKTEER, TREAENKKHERITHY, B59040 TRIES%
e, SEES 4 AE, KRIRVBLE A A A R IEELE — 0 R IRA 4%

B T T, T LS . L TR U SR, [
IR e RN - TR RN T s
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HFIEKEL, ARZEAEAR, HEAREMN: dEE3 8 AR, VRETEY
WEBRIEEE — Sy REFEEEHINEHMTLEHR REAFY—, BF
REAHENH. AREESHERD, amEE, FEVBLELI HEE,
M EHEGM, KRB VARBEHAERD> . AR PDAEFY, LR
ZREEAN, HRAEREFESH. VEEBARAREFSZTHE.

2.2.2 Alcian blue (HAZR#) R

EEVREEE, ARZEAE, REFHEERARIER, REFERZ
EFEERLBEGK GAG. 1EEs) 8 AEHMALRLEEETN GAG &R
RN, TESMTREAERZE, THEAEREREUP, KEH
240 R O 5 P e A T ) R A £ LR
2.3 18

BEFEERET, RRMEAR, EF6E. BEA —FARKEFE
Gamy, RIRAEREMMEBIFHNEERS . RERA%E K 2EFCRAZ,
oz G L BLEREFHERE. SBLEREREEREALHE, €&
EAMEBES TFEERNEEY, HPNEZHRESH GAG. UUENE GAG
TEHRRKEE. RRARE. RBRHENEARBRERS K. 11—
FHEXZER, H—HHefFriidAlRReErfER. KREAEN GAG
(B 25 R e X LB B M B 7 A K . PR A0 e T4 X T AR LB 5 B
RE. BRVEERNEE. RERNEREEEERA.

A LIRS HE 3850 Alcian blue Hf8 754 HIBFR T Eizshxt ik —
S SKAUBE — A AT A ¥ K GAG KW, SR RIIER b kAL
A EREHLEN. BEIENE, EME LUK KA /NG WAL
MR BRAT 4R T IEHMHFISEH, BRER. RARMEAZREHFUE,
FERAEKEERE. fIATRND, EEFEANEXTEINEE, k=
KAV LB B 8, RE&R7ENR LIE3), MEZE~=E—ErEHMBIY)
He ATEZERN, b= kWA Sk VU R0 R B S8 ful 1O 3R AL LA R L AE 45 7 (A
WAREE B —MESFEARREREN. —HEH T EBAMET4AR

T e P A A, B sttt Sy - T N, S . o RO T e = ~ . . N N
TVATALASAA TN AR LI T AAT LA L b a0 s e e L LTARAR
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Z, M TARBED JF—HHBETEHEVERHFREH'?, ZXEERE
B, RRAFEHFIREL, KEMBHFEYRIR, FEF SR,
LR 2 B SF RARALN . BIW AR IR E SR, 7EXT A KRR = kK&
LB AT KBRS, BELEEI)EUR EHITHEREFSH,
HERBPRRGEHR, XHALEEHRAERTREEENREERZ—,
F Al eF BRIt . L AEIZES) 8 FAERINR AT GAG & EF B
m, TEFUTHEMEA. £—, GAG MEREHTT LI ME R,
PR ER LUR BB . WRES) MR T & RATASZ 8 E S MEIE) 77,
M= A TR B WERARS W GAG BE, NiAEMZEENE
M. B=, AHALCHBEIRRN GAG B&ET A", BEHFALLN
TERBAMAT R BT GAG B E BB, AA GAG KT &ML 4
M ERRR T EMERE. TEZMIBERHRGYIRE, GAG MiE
AT RER B B BB B2 R —F R M.
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2 E0 4038 aok 3o UL B K R Sy R, 9 S BEE AE B R — Sk LK Sk AL
R SRR
3.1 MRRFE
3.1.1 BRI KRR T AR A & R SR A
3.1.1.1 %88 ARSI KA R AR SO LS BB T 7 BeAl AL WDW-100 B K
FIRBHL A=
3.1.2 FKM R

UL BB AT 36 KL = Sk KU AR A ST B b (S 2,
- BABEXPIRN MR . BATEERE, FRT (B 100C), KAfM (8
BRBRENFEREZRE, ABEMERIRE, 5554 RRamyEuLA
gakt, FURKEMMEHELES, Rt AR A AR KREE, U
REFPRARE, PrIEECANERE TR I ENEY FHERSR. EXBEd
o, AR IEFROOCEUBES R —A B 2R th 2 LUK VLR BT RE A& 98 K
AT o
3.1.2.1 FRARTE

SHEMRARBEAT RN — b, UEH L TIERE,
SRR AT . MERALURE, AR MEAY Rt b AT/
—3p, FEHEREF, ME—HROEEHN dmm/min. M BERKERE
EEVBFRAZHNBEREMHIE, MEMBAEN /T HERERA.
3.1.2.2 iR {escl

ZNKRMBE—HETAE, NE—HRMLCELESR, WA HTRH
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3.1.2.3 JURBRARE RN

EXVBBATED N ELRZA, XNE—MEAMKT L% A S
HITREER. EEVYAELRS, REVEBMROLE, EAERA LK
BN, AEANIFEE TRAMKMVIZIZRB AR, HHHE
“EEEA L, EEMETH Leica B LKEESR, H Leica BR ST RS
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3.2.1 ALBEERK T EN T

Al Leica B4 MAGHHARBKBEBERR, SRIEK 1. EFENEA.
WEZES) 4 AJE R 8 RS54 0.5111+£0.057 mm? . 0.5169
+0.028 mm? 1 0.4418+0.051mm?. LEiZE3) 4 GV ER TR BA
B, ZBUAKRE>0.01), ELT%EN: dEE3) 8 A, VIBHEREAMN
SHEALLE, ZTHHE (p<0.01), HEi2E XL,

x 1 IEEFN YRR R R

5 Bl % AR (mm?) PRHEZE
g 12 0.5111° 0.057
4 B 12 0.5169° 0.028
8 A5 12 0.4418° 0.051
5878 36 0.4899 0.051

c: XHEH, a: Z3N4 FAJE, b: 238 AG. MxMALLE, *P>0.01, *P<0.01.
3.2.2 KN HRRLR

FE Al 1o Bz (e G B R — Sk LA SR VLR R B KA, IR R R A
GRIEK 2. EXNXBRA. dIEiEZ) 4 ABFR 8 ARBRKBHFHA
32.3206+1.6066N . 28.9019+1.7164N. 23.4416+1.5631N, & KM J1 5 7|
4 63.9871 £ 8.3570 MPa, 55.9603 + 2.8374 MPa. 53.5966+ 2.6433 MPa.
L EZES) 4 ARER 8 FjE, WS XEEMNE XN NHEHERK
(p<0.01), G FEREE: LEiE3) 8 AEMIEIED) 4 AFHE, &KX

- . s TR PSP WY L
T LI AL LA TR L R Ry
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BHHBER (p<0.01), BRNABHERK, BRUAHE(E>0.01).
R 2 AEIEFNN AU KB KBRS KW

A5 il % BRBHIN) B AN 71 (MPa)
Xt 12 32.3206+1.6066° 63.9871 + 8.3570°
4 R 12 28.9019+1.7164° 55.9603 + 2.8374°
8 AJa 12 23.4416+1.5631° 53.5966+ 2.6433"

c: ME4, a: EFN4MSE, b: B3h8ASG . TR BALE, BAKFP<0.001, °P <0.001: KM /7°P<0.01,
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RO KT AR, 7ESER P Fril & KN ) - R 3R i £ AN RE 52 & R R LR £ W) )
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fil: — Sk A Sk U 45 35 18] v BOR P M Sk e R AE WT R B #BAL . B ALAE
BRERUNES RN, $EEZ5) 8 ARMIRERRIR EEHENTIE
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R 77 B 3 FE 32 B i [B] B EE K TR B 3E I FRAR(p<0.01). BRERMARME L RAK
e IO G A — B, AR PR BT R AR PR R 7 ) B 38 e BN SCRRHRE A — B
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L, FUURXTPURN AR E ) RRR . TOZEAR S5 o MR ILAE — SRR KL
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WA KM, EdEEHE, TR P YR %EMEEHSRHLERHEH M
(P<0.01> (&3 ).
R 3 SEEFEHEHEAEBES T

R 75 % BMEEMEAEFHE (n=24)

XA iz%) 8 Bl
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GrEME RN . BT WA BB — EAIE B AR, X PR 3R R
XS, NEUSIEAAYE EHKE, HEMERMIOHEE. HEHLU
BIRGEBRZERT LG SEVEENTELIMBEEMETT, 58 P YR
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