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(Abstract] Objective To establish and evaluate a rat model of chronic osteomyelitis induced by methicillin —resistant
Staphylococcus aureus (MRSA) (ATCC 43300) infection in a tibial bone defect. Methods Fifty Wistar rats were randomized into five
groups (n=10 per group): a control group and four MRSA infection groups with concentration gradients (Group A: 1x10° CFU/mL,
Group B: 1x10” CFUMmL, Group C: 1x10° CFU/mlL, Group D: 1x10" CFU/mL). A bone defect was created in the left tibia of all rats,
and the model was established using the direct injection method. At 4 weeks post—surgery, the rat general condition was observed
and the wounds were assessed using the Petty appearance scoring system; serum C-reactive protein (CRP) level was measured by
ELISA; X-ray and micro—computed tomography, micro—CT imaging were performed, followed by X-ray Norden osteomyelitis scoring;
histopathological changes were observed via HE staining and evaluated using the Smelizer pathological scoring system; bacterial
colony counts were determined through bacterial culture. Results At 4 weeks post—surgery, compared with the control group, the
Petty appearance scores of Groups C and D significantly increased (P<0.01); compared with Group A, the Petty appearance score of
Group D significantly increased (P<0.05). At 4 weeks post—surgery, compared with the control group and Group A, the CRP levels in
Groups B, C, and D were significantly elevated (P<0.05); compared with Group B, the CRP levels in Groups C and D significantly
increased (P<0.05); compared with Group C, the CRP level in Group D was significantly higher (P<0.05). At 4 weeks post-surgery,
compared with the control group, the X -ray Norden osteomyelitis scores and bacterial colony counts in Groups C and D
significantly increased (P<0.01), and the Smelizer pathological scores in Groups B, C, and D were significantly elevated (P<0.01).
Compared with Group A, the X-ray Norden osteomyelitis score and bacterial colony count in Group D were significantly higher (P<
001 and P<0.05, respectively), and the Smeltzer pathological scores in Groups B, C, and D significantly increased (P<0.01).
Compared with Group B, the Smelizer pathological scores in Groups C and D were significantly elevated (P<0.05 and P<001,
respectively). Conclusion Direct injection of 10 pL of 1x10° CFU/mL MRSA (ATCC 43300) into the rat tibial bone defect can
significantly elevate the CRP level and bacterial load, inducing pathological manifestations consistent with chronic osteomyelitis,
and thus can successfully establish a stable and reliable animal model for chronic osteomyelitis.

(Keywords] methicillin—resistant Staphylococcus aureus; chronic osteomyelitis; animal model; bone defect; tibial infection;
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50 HUBAEHEME Wistar KB, 6~8 JAIH, 1407 &
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HR B S A G T
1.2 FERFGSHES
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Fig.1 Gross appearance of rat surgical sites in each

group at 4 weeks post—surgery
x1 RiF4BZEAXREIA Pretry SPFES LB
(43, x+s ,n=6)
Table 1 Comparison of Petty appearance scores of rat
wounds among different groups at 4 weeks post-surgery

(points, x+s, n=0)

2157 KRG 4

X AR 1.00+0.00
A 2.00+0.89
B4 3.00+0.89
CH 3.83+£0.41%*
D4 4.17£0.75%**

0 SXF IR L, ##P<0.01, 5 A F#,7P<0.05,

3.2 IniE CRP SE2T

ARJG 4 J5, S AL, B .C FID 41CRP &%
TR (P<0.05); 5 A 4L, B.C I D 41CRP &
wWITHE (P<0.05); 5 B 4iAH L, C 411 D 41 CRP#
TR (P<0.05) ;5 C ZAHEL , D 4 CRP & T
(P<0.05), HW# 2,
FIRFENE

ARJ5 4 J5 X ST as R R, o B2 i 8 o

33

®2 ARig4BAEAKRME CRP EEEW
(mg/mL,x+s,n=6)
Table 2 Changes in rat serum CRP levels in each

group at 4 weeks post—surgery (mg/mL, x+s, n=0)

415 AR 4
pogiit| 6.43+0.18
A# 6.99+0.63
B 11.10£0.96+
C4H 18.90+£0.89+*
D# 21.50+0.97+#24

TE: S0 IR HLAR, #P<0.05; 5 A 4 HUBE,*P<0.05; 5 B 2 HUAE,

2P<0.05;5 C 41 %, 4P<0.05,
ZERSERE R ILAERT A BUBOR o B A S AR R
QR FARARBIE R A IR B s A R EUE
AR WAE ARG, BELLE BRI e R A B
AR R W HIH AL E I, T REAF 7R3 B
A8 B AR E B R BEAE R, PRI B R B 2R
R A LIRS R A AN ;C A D
AR 1 ULWIRRAL | LB O S 1 e B e
QBRI 3 R, PRILIE 2,

Micro-CT FARZ5 0 /R | Xt BREH IR 1 2% J2 T 58

B R WSH S A G B SR AR RN A
R ILIEA 3 B 2H B BRI B 9K, R FR LR A 41
IR, 53 BT BEAEAT , B B R C 2 E R
il B RRACAT | AR B U I S D 2
BT, R A, M A AO 3 AR
ik, BRI 3,

%

X ARZE

A4

B4

CH D#H

B2 ARE4BEHKR X &HK

Fig.2 X-ray images of rats in each group at 4 weeks post—surgery
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X HEZH B#H C#

3 ARF 4 BABAHAKR micro-CT AHEERE
(#rR=2 mm)

AL

Fig.3

Reconstructed micro—CT images of rats in
each group at 4 weeks post—surgery

(scale bar=2 mm)
3.4 HLFWE
ARJG 4 8, %A K HE Qe 25 5 BoR | X IR
BHLUEEL M #,

(EE YIRSl i ARG S 1) ]
vl

WREIE R, R WL ST A R | 4 SURIR
LA YL g U W A AR SR R E
WG E BEE R A AR A SUR R
B S FR 23 PR, JR /N G ] ] DA g
AE 2R MR (LA LA 32 ), PR RIS ST, B
TEMEARE B A A RS A AU AN
BB ST BB P SR A T AR R P

AR

WY BE, B AR A (14 9 RE SN AN T B e A, T 22
At B 4B A IR0 3 S5 B T A5 R A
THOR, AT W R AE B TOFHES IR A E B, 1
A LSS SR LA 2 43 A, AR S ik T 4t i i)
B e i, BB i B S e | oK DL i B SR e i
R 7R RAE RN BT BR (R DAL BUB S P o &
BRI C BB B S T A
2 TR FEE KB AR FE I 2, 45245 A B ] D,
B A L5 B A8 A, IF ) s R
N G 8 G E R Sl B VL e AN
(1R A L 240 B2, 46 AL/ N i, e ok oAy T A/ g
ML, AR Ik 487 JERE B H RS 4
LRI B E IR IBIFAT D 4B SR, &
A A AT DL A S J o, o ik P T DL A 5 (1 R 240 L, ]
LT e S A 2L SURNFT A B i L B TIRSE B Al
PRI R W EF A4 2 2 SRR, 2540 212X N ik 2 40
FIRLHARL) V2 120, P B A B B, RAE SR
HEIRIE G [FA R . TEULIE 4,
3.5 HAHAKXR X £ Norden BEEXRIES (. EZITHL.
Smeltzer 75 I8 21 43 bb 85

ARG 4 J8, 5% AU, C 4 D 41 X &
Norden &R PF-73 2 T (P<0.01) , T8 v £ 1
Jin(P<0.01),B.C 5 D 4 Smeltzer i 2A P02 T 5
(P<0.01);5 A ZHAHIH, D #H X £k Norden 5 86 % 1
43Tt (P<0.01) , B & Kl 5 m (P<0.05) , B .C #il D
ZHSmeltzer F 1P 73 ¥ T+ (P<0.01) ; 5 B 4HAH
e, C 4H1 D 4 Smeltzer FHFITA 44715 (P<0.05,
P<0.01), HWFE 3,

D4

C4H

4 RiE 4 BEAKRREE HE R 8 (x200)
Fig.4 HE Staining of rat tibia in each group at 4 weeks post—surgery (x200)
T RSk bk B AT 5 48 € Sk o o Ik 5 S (7 Sk T RS A AN 2 B G i S SR A T B G A Sk R T A IR BE

TH 2R s L1k eI 75 (LB kR
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F3 ARF4BAEAKR X £ Norden BRERITES . BF & ITEL. Smeltzer FHIBFEIE D LLEL (35 ,n=6)

Table 3 Comparison of X-ray Norden osteomyelitis scores, bacterial colony counts, and Smelizer

pathological scores among different groups of rats at 4 weeks post—surgery (xxs, n=60)

215 X £k Norden ‘B #E 5 11-53/53 %A (x10°CFU/mL) Smeltzer Jp5 BLEPE43/ 53
T RREH 0.00+0.00 0.000.00 0.83+0.75

A# 1.25+0.76 0.17+0.09 2.17£1.72

B4 4.83+0.88 1.00+0.40 8.67+2.34

C# 6.00£0.327% 1.6020.34%%* 12.00£2.6155#4

D4 6.58+0.38% 2.01£0.30% 13504152500

0GR AR, ++P<0.01; 5 A 4 IR, 7P<0.05,%P<0.01; 5 B 2H 3%, 2P<0.05,2%P<0.01,

4 it

MRSA(ATCC 43300) /2 304738588 S AL HI i 5T
2 A AR R RRD, A 14T BA T T 2 iR S
G TR R A RO AE VIR TR R, A
HEBN ELRIE I LR MG R AL , A58 LI R AR D
WA, Ve -5 A BARRAE AT AR EE R R R,
SR E A S AR SR P B BT
O Z 0 R 2RO R ST I R P 1 A MG 1
SRR A BARS BRIV 1) o I BB R A5
PR AT S5 A, AR AR R, 1x107 CFUmL
WRELL(B 4) JCshstr=, SXF BRI AR LL , Petty SNIL
43 X £k Norden HRERITS FVETEUC R 25,
MIECRP & Smeltzer JGHIEPEMEAR , (GH /M REA
IRBS B IRYARE B HOERANE ; 1x10° CFU/mL
WREZH (C 2H) bR DU 48 Fr 38 7% B4, ] ik
T E BN SEE T B R R 2 vk 2 iR, AN
UYL R =i B sh st e kA K EE MR
45 1x10" CFU/MmL WeEEAL (D 4H) kil s br R
T 1x10° CFUML ¥ FELL(C 41) ,fH PR 4HEf i firsd 1
BNYIFET I 20% , TTkT R S FR e MoK, 45 1
1x10° CFU/mL B Rk B e AR T3
FRHRIE A9 4 2 (A ) A BRI T A0 B (1x10" CFUAL),
P78 MRSA PR R IA 27 i B U (A8 2 1 I+, 1
GTE e LB, U B FE RV AT i A e,

M BB ST, AR SR G S s
SR EIE LI RS o2 B B (CORAK - JATIFL) 2K
“RRATRERG T BAIUR , AREEAL , NI TOUE, 0, Y
HIHT, B RIS TO4, By EHE , "MRSA J&YL S5
LAY TR S R AR IS IR A g

U, phE AL RO R AL, RE G Z AR 28
2 BRI T2 BH, 28 B AN E B A RN
H AN 5 A0 I A B 2 2 5 4 A R LA
IESBUABAN B E R B R % | 1
ST T NRAEAS , B0 BRI R G A e 2OE %
“HIEAARE B ERA , 454 HE Jeta g it —48
AT U, AN (7] 8 Y A 3 ZE 0T 7 BRI AN R 7R B B «
1x107 CFU/MmL(B 41 ) ¥ B2 40 AR X i A8 5
AR R URIE (A EW)7 5 1x10° CFU/mL
R (C 4 BT S A S50 B AF, JB < 1E 1
FEASUE GRAER] )75 1x10" CFU/mL ¥ B4 (D 4H) ff
HEEEIIE SR WS4 B Ik 3
PR IE (e EE 3 ), o BB A3 s 5 i AR A 1y
25, o JE K % R nT U5 X I Aais | KR
15 5 B R SR 22 A #6071 ks <, R A
B e EE R, K v R R E T FS Y N B
UE—— 3 ¥ B DR VRORE > TS SR o TE K
TRE ), AU R b A e | SEAG 28 A BLAG S
T, B 5 | & s T, B B BRh R s A o
“TEATHR A O DL

ARSI ABAFAE— 2 R B AR SE S 4
SRy B ORI s [R] , SIE 56 Rl e, LA e 2 S
PR BER YL R 5 E BRI S A AR5
AT HE K LR S 01 15 8 22 ek i) o ) FR) RSt R FEmi-
cro-CT Hit =5, D0 BRI IA R

25 PR, HHEEST 10 pL 1x10° CFU/mL MR-
SA(ATCC 43300) TR B ZEMIAZE B N 3 mmx
5 mm B AL, 0T SURGL B, B T
CRP & &8 5 71T, 15 4 518 Vi B8 2 AR AT (19
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