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A Study on The Antibacterial Effect of Antibiotic Impregnated Bone Cement.
Myung Chul Yoo, M.D., and Jeung Hoi Koo, M.D.

Department of Orthopedlc Surgery, College of Medicine, Kyung Hee Unliversity,
Seoul, Korea

This experiment was performed to determine the stability of antiblotics in cured bone cement
and the antibacterial effect with various the amount of antibiotics mixed in bone cement.
Experimenta! animals were divided into control and antibloticimpregnated groups; 3 each for
control, cloxacillin, celospor, kanamycin and panimycin groups.
Antlibiotic activities were measured by disk diffusion method using Staphylococcus aureus and
Escherichla coli as standard organisms.
The results were as follows:
1. Bone cement itself does not have antibacterial effect on the growth of Staphylococcus aureus and
Escherichia coli,
Antibiotic impregnated acrylic bone cement showed antibacterial effects which was stable for 4
weeks,
2. In vitro test, the amount fo antibiotics released in 24 hours perlod was proportional to the
amount of antibiotics mixed in bone cement.
3. The duration of antibacterial effect was also roughly proportional to the amount of antibiotics
mixed In bone cement.
4. No antibacterial effect could be measured in control groups.
4, In vivo test, the result was revealed similar patterns compared with the result of “‘in vitro test”,
but the amounts of antibiotics released and durations of antibaterial effect was decreased.
No antibacterial effect could be measured in control groups.
As a result of this sutdy of this study, it is proved that the amount of antlblotlcé and the duration
of antibacterial effect are proportional to the amount of antibiotics mixed in bone cement.
The impregnation of antiblotics in acrylic bone cement may be used to prevent and treat infection
in the orthopedic field.
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1. dENE

¥4 & : CMW, Orthopedic Bone Cement,Ty-
pe 1.

44 : Cloxacillin 250mg/vial, N ZYHE 1569
KR, #2949 1983. 3. 4. JALE,

Celospor lg/vial, 24 % C;, FAEEYY 1981
12. 28. #5<FF,

Kanamycin Sulfate 1lg/vial A x4 % 0124, &
EdYY 1984, 1. 14, FopA 9,

Panimycin 50mg/vial. A2y ®% o0151. fFrEdY
g 1982, 2.10. -Fop ok,

X &35 : Staphylococcus aureus: ATCC 25923
9] Cloxacillin 3} Celospor 9] 8 Miller-Hinton
Aol A9 HAPEAANFE(MIC) £ 0.8mcg/ml.

Escherichia coli : ATCC 25922 ¢ Kanamycin
Sulfate &} =% Miiller - Hinton wjx] ol 4 2] 2 4 ¢|]
AAFE(MIC) + 25mcg/ml. Panimycindl =A%}
Miller- Hinton w) =)o A2 2 x| AFx (MIC)
+ 12.5mcg/ml.

5= Fadda g gyguy
235 e FTE AL

AYFE - 34 Arte(AF 2kg W)

2. ABYH

4 A4

1) A¢le A (Cement Pellet) A=

A9 EARES] FAAF A}l vy oo}
< SGAAAEY ANE & Az

O H2F(C) : T4 (Polymer) 40 gm, %% (Mo-
nomer) 22cc, £94 (BaS0O,) Sgm,

® Cloxacillin #(Cx) : 2% (Polymer) 40 gm,
w3 (Monomer) 22cc, 294 (BaS0,) 5gm, Cl- -
oxacillin(1 gm)

® Celospor E(Ce) : ¢ (Polymer) 40gm,
%A (Monomer) 22cc, 294 (BaS0O,) 5gm, Cel-
ospor( 1l gm).

@ Kanamycin ¥(Ka) : $¢2] (Polymer) 40gm,
w %4 (Monomer) 22cc, ZAA(BaSO,) 5gm,
Kanamycin(l gm). '

® Panimycin F(Pa) : 3¢M (Polymer) 40 gm,
k%M (Monomer) 22cc, £9A(BaS0y) 5gm, Pa-
nimycin(100 mg).

Eg $A4A %ol B GFESE JARS 9
8l Cloxacillin, Celospor, Kanamycin& =2z
2gm, 4gm, Panimycin ¢ 200 mg, 400 mg# &£¢
4 Ae Y& AxHA)
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FANES G4 FLE Agdd FEHeE 75
A E¢sdn A4 emme Y¥FEE 207 A
GEolERE gt AE A& AT FAR A
&gk A2 ANEHY AA 6mm, ¥l 1lcm,
AL 0.58 +0.06 gm(M+SD)elglex 2 FHE
A&7 7%k 37°C 8271 (incubator) o] 2 et

2) ZTAME 49

MFE 2kg 4] §F4 P7HEE 4§t kg? 5
ml ¢ 20% Urethane & ¥-7hi& F9 w4z F
2g 2o gy F%ydl F6cmAIES 4
AE 7bepa o 232 (vastus lateralis) 3 W go]F
Z(Biceps femoris) & ¥el4A7 ¥ A 23 FANE
Ag F& dls Pl AlE S % A FEF
A% 2 gRh(Fig. 1.

Fig.1. Cement pellets inserted in rabbit.

A FEL ol 13AFLE o] A#sig.
OA2F(C): FANE
@ Cloxacillin &
(Cx 1g):FA%WE, Cloxacillin 1 gm
(Cx 2g):FARlE, Cloxacillin 2 gm
(Cx 4g):EA¥E, Cloxacillin 4 gm
@® Celosper &
(Ce 1g): ZAvle, Celospor lgm
(Ce 2g): #A7]E, Celospor 2gm
(Ce 4g) : AW E, Celospor 4gm
@ Kanamycin &
(Ka 1g) : 349 &, Kanamycin 1lgm
(Ka 2g) : #A9 &, Kanamycin 2gm
(Ka 4g) : #4®1&, Kanamycin 4gm
® Panimycin &
(Pa 100mg) : #A9 &, Panimycin 100 mg
(Pa 200mg) : #4A°lE, Panimycin 200 mg
(Pa 400mg) : A=l &, Panimycin 400mg
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39utej s JlEE ZFTHE 3uiely ARg3pgclh
3) #4A9 BEFEd TERAAH e A
Ztzte] SA4A Fxvt 0.02ml B 400 mcg o2 Y
200, 100, 50 €2 1/24 7Z%slel 0.lmcg 7+
Al Y 2 24 gt wkE Paper disc & Cloxacillin
3} Celospor = Staphylococcus aureus, Kanam-
ycin 3} Panimycin-© Escherichia coli & 434
Muller- Hinton uj=jol ujz]sle} 244 (Disk
Diffusion Method) 22 A& &4 3t o] 4
e 34 ¥ HFA§ A3 (Fig. 2).

Fig. 2. Inhibition zones of discs with various
standard concentrations of antibiotics
in the range of 400 mcg/0.02 cc disc to
0.1 mcg/0.02 cc disc.

4) FFaRN} F4
@ A=A 7Y &4

9 A Ao FUE Fo AYE YFol2 7
« 5ml 2 Trypticase Soy Brotho] o4& & 2
~ 447k WoFdtglet, wioksl broth® EFFEeRa}
¥lasid 4 TSBE HA4slgd o sidgl F4¢ Pas-
teur pipette 2 Muller- Hinton w3 ¥ 228
M oebd o4l v F4E Fdssc. ANER &
Azg ¢4 14,24, 349, 49,594,644, 7
4, 2%, 35,4539 H A& 344 A wix 3oy
ol wfz)sle] 37°C A-LI|ANA 18 A7} T4 WekE 8
det. olal Cloxacillin st Celospor ¥ A=A &
Staphylococcus aureus § A|F % w# Ao, Ka-
namycin 3 Panimycin ¥ AW 24 & Escheric-
hia coli & 4% WA Edol wAsga 2T 4
WEA L A7l zhze wi ol 5 wfz]3gch, o]¥A
8t 47l ANEH T4 FEKAANE A}
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Fig.3. Standard curve of antibiotics
4 Cx:Cloxacillin o Ce:Celospor
“Antibiotic standards were measured
" using Staphylococcus aureus by disc
diffusion method.

Fig.5. Antibacterial effect of antibiotic-impr-

00
[ egnated bone cement group in the up-
Log Y=0.104962 x -0.744169 -per three and control group in the lo-
s¥r2 wer three.
100t .
o ’
~ ma g 49495
{ 1, BN =" M o7 8
Log ¥=0.111687 x ~1.177342
By 37C $edlol 2R FANENY GFE 23
. <& Cloxacillin, Celospor, Kanamycin, Panimycin
ol A 2z FHg dAHE YAsgloen 4
F7 33 A3 FAH Aol ggion AT Y
1 YA : . A€ A dANE el 9stel(Table 1,2).
s 10 13 20 25 30 3 40 45 50 o
Sone of inhibiticn (m) 2, FANHEY MR #FSI SFX
Fig. 4. Standard curves of antibiotics A&Ae] FHE 35t d4Aoe FUR AANE
A Ka:Kanamycin o Pa:Panimycin 433t 29 Standard curve(Fig. 3, 4)§ o]-&%ld
Antibiotic standards were measured 24 A7 59 3R g4 kg A2sA ).
using Escherichia coli by disc diffus- A4 dANE 38 B ANG £ 2HFANE W
ion method.

89t o714 Kanamycin Group € A 9J% Group
(Fig.5). 2% EA= o $4A9 §7 139 ) AAE g4 ool Frgel =tet YT A A&7
%7€ 47 e FEUE 3IAY B =S 7% Hoi3.ew Kanamycin Groupol Q84+
€ A8l d4fos e iE Ao 433 &9 F4A L %2 HolJ) YA AKAZE 47T
a3%om WA a4y A £F =(sterile  Asgc(Table 3, 4).
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Table 1. Staphylococcus aureus Inhibition Zone of Cement Pellets(M* SD,mm) Impregnated Cx

and Ce.
rouprg Staphylococcus aureus
day C Cx; Cx, Cx, Cc Ce; Cep Cey
0 - 41.6 0.3 45.0+0.3 | 47.4 +0.3 - | 44.6 + 0.6 47.8 +0.4 50.7 0.7
1 - 40.3 +0.7 45.0+0.4 | 46.9 0.1 - | 43.7 0.7 48.3 +0.3 51.2 +0.4
2 - 41,2 +0.3 44,2+ 0.7 | 45.7 +0.9 -~ | 42.7 +0.4 4.2 +0.4 49.2 0.6
3 - 40.9 1-0.4 44.7+0.9 | 44.31+0.7 - | 43.9+0.7 48.6 +0.6 50.4 +0.6
4 - 40.2 +0.8 45.3+0.3 | 46.9+0.3 - | 4.1 10.4 47.4 +0.5 51.3 +0.4
5 - 41.2 +0.5 45.1+0.9 | 47.1%0.6 - | 43.9+0.6 47.3 +0.6 50.9 0.6
6 - 38.2 +0.7 44.4+0.6 | 46.8 +0.7 - | 44,4 +0.4 46.4 + 0.5 50.4 +0.3
7 - 39.4 0.1 45.14+0.3 | 47.1+0.2 - | 45.1+0.3 47.94+0.3 49.3 0.4
14 - 39.2 +0.4 44.7+0.7 | 45.4 0.2 - | 4.11%0.7 47.4 +0.6 48.4 +0.6
21 - 40.4 +0.5 45.44+0.3 | 46.5+0.7 - | 43.940.6 46.9 +0.4 49.4 +0.3
28 - 41.7 0.1 44.54+0.7 | 47.4+0.9 - | 43.7+0.9 46.9 0.4 ,51.2 +0.3

C : Control Group
Cx,: Cloxacillin one gm group
Cx,: Cloxacillin two gm group
Cx4: Cloxacillin four gm group

Ce,: Celospor one gm group
Cey: Celospor two gm group
Ceq: Celospor four gm group

Table 2. Escherichia coli Inhibition Zone of Cement Pellets(M+ SD, mm) Impregnated Ka and
Pa.
£ rg Escherichia coli
day¥p | C Ka, Ka, Kag c Pajq Pa gy Pa 400
0 - 28.7 0.4 31.540.6 32.5%0.1 - 19.4 +0.6 22,2 +0.4 25.8 +0.2
1 - 28.41+0.6 30.5 + 0.4 31.7%+0.6 - 18.91+0.4 21.74+0.3 24.9+0.7
2 - 27.9+0.4 31.3%0.4 30.9 0.6 - 19.6 0.3 22.4+0.7 26.4 +0.4
3 - 27.4 +0.7 30.6 0.7 31.9 +__0.4 - 19.7 0.4 21.9+0.4 25.9+0.6
4 - 27.940.4 30.4 +0.6 30.6 0.7 - 19.4 0.6 22.4+0.3 24.6 0.4
5 - 28.3+0.6 31.4+0.3 31.910.4 - 19.6 +0.7 21.84+0.6 26.1%0.1
6 - 28.4 +0.5 30.9 *+0.7 31.8 40.5 - 19.3 +0.7 20.41+0.6 25.9 +0.4
7 - 27.9+0.6 30,6'_*'0.6 31.910.4 - 19.7 +0.6 21.74+0.5 25.9+0.3
14 - 28.1 +0.4 30.4 0.5 31.9+0.3 - 19.5 +o0.2 21.4 +0.6 25.4 +0.7
21 - 27.9+0.5 31.4 F0.7 30.8 +0.7 - 20.4 +0.2 21.7+0.4 26.4+0.3
28 - 27.9+0.4 32.1 +0.4 32.1%0.6 - 19.2 +0.4 21.6 +0.7 26.11+0.4

C :Control Group.
Ka,: Kanamycin one gm group
Ka,;: Kanamycin two gm group
Ka;: Kanamycin four gm group

3. tES wiERol LISt AHEYS YR

L

Pa 90 : Panimycin one hundred mg group
Pa 290 : Panimycin two hundreds mg group
Pa 490 : Panimycin four hundreds mg group

§Fa3§ 44 F Standard curve(Fig. 3,4)
€ ol&dtd g4 G 24N dAdE 38 F
¥ 3¢ F 2y FAE QA9

ANAE G4 ke Friel wet §F L3t
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Table 3. Amounts of Cx and Ce Released during a 24 hr Period in Vitro(mcg/cement pellet)

Or Staphylococcus aureus

Dayup | ¢ Cx, Cxp Cx¢ c Ce, Ce, Ce,
0 - 636.64 1,307.27 2,566.41 | - 403.74 765.77 1,485.32
1 - 187.40 256.78 984.16 | - 98.76 167.21 432.64
2 - 29.64 127.87 564,81 | - 50.67 84.19 100.52
3 - 13.44 43,48 259.74 | - 12.34 24.46 25.56
4 - 1.56 21.74 85.12 | - 5.21 13.47 19.61
5 - 0.89 4,79 .41 | - 1.77 5.95 6.95
6 - 0.70 3.35 20.68 | - 0.67 2.16 4.47
7 - 0.63 1.63 12.8 - 0.67 1.15 3.81
14 - - 0.37 i | - 0.13 0.31 0.83
21 - - 0.15 /039 | - - 0.09 0.11
28 - - - " o0 | - - - -

C : Control Group
Cx,: Cloxacillin one gm group
Cx;: Cloxacillin two gm group
Cx4: Cloxacillin four gm group -

Ce;: Celospor one gm group
Ce,: Celospor two gm group
Cey: Celospor four gm group

Table 4. Amounts of Ka and Pa Released during a 24 hr Period in Vitro(mcg/cement pellet)

S Org Escherichia coli
Day_Y c Ka; Ka, Kag c Pag Pajg Pa 450
0 - 176.74 315.62 700.72 - 8.01 55.28 64.51
1 - 32.46 96.78 150.72 - 2.45 16.72 24,83
2 - /9,26 45.65 55.39 - 0.89 5.58 8.43
3 - |7 6.4 17.36 25,56 - 0.83 2.58 3.51
4 - 5.71 7.82 © 10,97 - 0.63 1.62 3.42
5 - 4.38 5.58 9.96 - 0.58 1.35 2.93
6 - 2.70 3.12 4.38 - 0.54 0.94 2.09
7 - 1.63 2,77 3.52 - 0.51 0.77 1.29
14 - 1.37 1.71 2.77 - - 0.54 0.75
21 - .19 1.31 1.67 - - - 0.54
28 - 1.05 1.22 1.34 - - - -

C : Control Group
Ka;: Kanamycin one gm group
Kaz: Kanamycin two gm group
Kay: Kanamycin four gm group

o] dF As§ nasisich ¥3 A9 AR
A B4 AT, AYFY Y F4ER F

7ha gy & ARg-shg i),
Y93 99l e vay 9 YRt o

#E 20 @4 sk AHeel 2 2] 27} o]y e, Wie-
gins & AlFel $4M9 YFFEs 45l

Pa,p : Panimycin one hundred mg group
Pajy : Panimycin two hundreds mg group
Paygo: Panimycin four hundreds mg group

A
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Table 5. Amounts of Cx and Ce Released during a 24 hr Period in Vivo(mcg/cement pellet)

rg Staphylococcus aureus

Day ~%up | C Cx, Cxz Cxq c Ce, Ce, Ceq
1 - 0.28 28.93 196. 81 - 9.26 20.05 27.92
3 - 0.16 3.35 42.45 - 4.99 14.72 22.89
5 - 0.12 1.88 9.38 - 1.27 2.57 1.67
7 - 0.09 0.07 1.4 - 0.11 0.94 1.09
14 - - 0.13 0.25 - - 0.12 0.14
21 - - - 0.17 - - - -
28 - - - - - - - -

C : Control group

Cx,: Cloxacillin one gm group
Cx;: Cloxacillin two gm group
Cx,4: Cloxacillin four gm group

Ce,: Celospor one gm group
Cez: Celospor two gm group
Ceq: Celospor four gm group

Table 6. Amounts of Ka and Pa Released during a 24 hr Period in Vivo(mcg/cement pellet)

Org Escherichia coli
r
Day \%up C Ka, Ka, Ka, C Pa g9 Pagyg, Pa 40
1 - 22.65 28.78 68.85 - 1.35 3.61 5.59
3 - 14.66 33.34 62.50 - 1.07 1.46 2.39
5 - 13.64 26.83 65.60 - 0.75 1.02 2.21
7 - 9.49 21.58 68.85 - 0.58 0.75 2.79
14 - 7.45 15.39 61.01 - - - 0.55
21 - 1.83 12.38 64.03 - - - -
28 - - 2.70 12.68 - - - -

C: Control Group

Ka;: Kanamycin one gm group
Ka,: Kanamycin two gm group
Kas: Kanamycin four gm group

48 Y8 G4 E TANEC TYsd Aol #F
E3E FAE 4+ A€ Ao YA 2 Ay
Al A Aggt A= AY3} o4 3] AlEE
W, dell vlma W AY15,1607,2900) = H4AFE 9
ek, =Y 23 34 2e 28 $4F YFES
7t 2 4G s1-g25ic).

¥ 4N A FAE A& Staphylococcus au-
reus, Escherichia coli o #F &g Jebiz ¢
ke w1721 g4 8 Z44 Cloxacillin &, Celos-
por ¥, Kanamycin 3 Panimycin &% &A=&
A FFHL KA slolsl glo]l 4 Y ALY
et o] A3l AY77ke] w}r]7el9l 2} Cloxacill-
in3} Cefazolin& #ANMEW A 979 Wss} ¢
$E Az A2 Aol H vysE 1y~2Qy
73| F s A4 ebe Q17384009 ¢ A gt}

FARNEN F4A 9 YFaAs} A4sE gL 2}
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Pajg: Panimycin one hundred mg group
Payg : Panimycin two hundreds mg group
Paygo: Panimycin four hundreds mg group
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TANE g4A EGE

782 g AHD'E gl

Cloxacillin 3} Celospor o] & Staphylococcus
aureus £ Miller-Hinton wi =]} 3l ¢&A A 5%
(MIC) ¥+ 0.8mcg/ml ¢]3l.2» Kanamycin3} Pa-
nimycin -2 Escherichia coli ol ®3ted 27 25 m
cg/ml, 12.5mcg/ml o] ¢l =},

FEAYY AE 4y A8 A vy ok
Ag Jeli g Ak ez F45 & #4440 A e
717ke] t&Ed e E£3 HE 3¢~ 4 Y7ol KL
+ A0 of2 Adg4 A4y e vimsle A
8 Hgleh ol gAY A Ro] FA = EWS 4
ALY f2oll Y& viHs] Ao FYR

Chapmanil’g FA)dl &7 ¢4 ¢ microscopic
spherule 5% d A%+ network & slo] glon =
Heo] 2 4032 3Tk 2 interstice §ol A+ &
Aol 2N o2 F&3rtD 352 Gardner: 2
Aol FARMEWE AFFFA B4Y 4 AdBn F
sk cf.

Schurman3® g #43 £¢ FANE} Ty A
e F Fdg doz] doA H4ed AP A
Zd 9 Agg st xgo] fictan 3.9 Bu

chholz®¥ o] A+ 449 $3& 3784} Ca-

risson & $43ql 44 A4z Yyl g 3
38 ¥ustg or Knapmann520& ZTAs Ed St-
reptomycin &] E¢ALE 3usln AR FTF AR
S} g8ste] A8 4 slvtm A qkdtgl o Wahligs
B2 ulyF4del Gentamycin-g FA e T
ALg-sle] 33t AE nusgch.

2 A3NA FAUEN FAH Y kg FoHA F
25+ FAA L AL T s gAY ek
o] §As FsgrhE AL T4 ToHe ¥F
Z3E fAE F ekt FA HH ol AL
A5 du % A8l o] Y 4 At 54 E MAA
selet dedh, 2 AEEAE AN AY A §ie
A A AE FA4A Y ol B F4 3 HiEF
o ARl F&3) e=olol ¢ How A

V. & 2

FANE JAAY A4, gFENY A3 R
ol BE W g PAAAR v} cHE e ASEA
9=t

L 844§ E¢3x ¢+ FA4 =¥ Staphylo-
coccus aureus & Escherichia cloi o} o 3ld 37
31§ Jebl A go, Cloxacillin, Celospor, Ka-
namycin 3 Panimycin-& T4 FAjeddE 2

-~ -

Z 457 RAF A} ol FF At A L

2. 494 4HolA 2443 Tk F2HL F44
9] ok BANE EYE BN okl wul v s
FA-g ol A vehulgl e,

3. #e=lv 449 4770¢ Cloxacillin, Ce-
lospor, Kanamycin§ 1gm &¢% &3 Panimy-
cind 100mg EFY FAA+e 15 oA A4sg o
= gAgA 9 kg 2w Fg FlAE Panimycind
+ Agslaye 3F ol 4olgl o A ;g 4w 3
71 TAAE 2T BT 35 o4 A&s9lc}

4. f&5+ F449 <4572 Kanamycindol
Ae BF 4F o]l4 <459l on Panimycin Fol 4
€ 94E Feol w# <& ke] F@otel.

5. FEAYAAY Hae 484 45 A
A€ e oy fE% 9 A4 F4 gas
1=k, Cloxacillin, Celospor & 1gm E¥g T3
Panimycin & 100mg £¥¢ o4& 157 §F
i%E 33% 4 9o Kanamycing lgm &y
T FAAAE 357 ALsgich. YA okg 2w &
7FA 7 FlAE Panimycin &g AYgstaes 2F o
4 A4sision 4w FAAAE HE Cloxacillin &
3t Kanamycin¥& 3%, Celospor #3 Panimyc-
inTE 257 A=

o] 4zl 22 A& Aslol A F® B EE g
4 ol wet F23E FAA P GF B3
A 471 7ke] we qheb Aldo]l FHASN R ol Y
3 el A el dly U )5 EA o o] 8% F+ 3l
& AoE Y7,
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