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Effects of bioburden-recovery on radiation sterilization dose of medical devices

ZHANG Yue
(Beijing Research Center for Radiation Application, Beijing 100015, China)

ABSTRACT The aim is to evaluate the effects of bioburden-recovery on the radiation sterilization dose of various
products based on the differences in the bioburden-recovery obtained using different experimental parameters. Three
types of products including femoral stem, bone wax, and bipolar ball head were selected and subjected to bioburden-
recovery tests using different testing standards. Further, the minimum irradiation sterilization dose of the products
corresponding to different results of bioburden was obtained based on the ISO 11137-2: 2013 (Method 1) standard.

The test results indicate that the different bioburden-recovery of the products lead to a difference in bioburden and
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sterilization dose, which directly affects the quality control of sterilization.
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Table 1 Number and batch of each sample

ezt H P B it R G i 0D %k
Testing items Sample quantity required (product item) Remarks

ES Ti%2

Scheme 1 Scheme 2
A SR T iR A S 10 3 Sk B A B S 3 At P 1 At
Applicability of the bioburden One batch of products from three batches of
experimental method bioburden experiments
AR 30 A7 77 % 1 BN 34t b, AL 10

Bioburden test

scheme 1

TE B S 101 101
Sterility test
To WA A i M SR 6 6

Applicability of the sterility

experimental method

Data same to

Independent 3 batches of products,

10 product item in each batch

B 3 2 SR A R 1A
One batch of products produced after

the three batches mentioned above

HEIR )T T8 5L 5

Batch same sterility test

&t Total 257

Ve A S A- R B RZE PR (pH=7.0), H
e BEM B AR B A BR A mI 4 AL, 427 g B
FTHCH . K. B 70 2 A0 RS K O R B g 15 7
o BN SR Eh UL A 95 7 5 N R I K R R A 8
7R3k, mAbE R AR R A R A R SR, 2
h U B HEATEC A . KT . bR v TR R R AR A
i@ CMCC (B) 10104 AR TAEMHE). &
HIE ERE CMCC (B) 26003 GACTAER® ). 4

FZEMAFE CMCC (B) 63501 (3ACT AR ED
H & Bk H CMCC (F) 98001 (AR TAE D -
Bl % CMCC (F) 98003 4R TAEHE). £
KHE CMCC (B) 64941 R TAEME) . Kigir
FIRHECMCC (B) 44102 GAATAERIED Ak i
IR BAOATF ATCC9372 AARTAERED, HIbi ek
FHEAMRAFSEHE, FEES910~100 cfu/0.1mL.
LIS OFEER: (300 mL) . K R UFLUENE
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(H % 50 mm, fL£& 045 um) AL H & &
(GM-0.33A) FEd e E; M RT (rEEO0.1 9)s
m R R K (e K 77 0.235 MPa, K
TR 105 ~135 °C) 5 Jl B K& B A 3E 7 48
(e TAEIRE 75 °C, HFEREE£1 °C)s A YEs
TR (ABEIEE 5~70 °C, %+l °C); B AeME
HBERA (e LAERE 60 °C, RERELL °C);
LA CHEYE 220 V/50 Hz, THE 100 W, #55% 0~
220 r/min); A4 (F45 BHC-130011A2)

1.2 FHEMSE

121 A4 A3 o7 ki B 30X 7 ik

PG ISO11737-1: 2018, [a) £ & FT 38 34 40 4%
Fh W FE N 10~100 cfu/ 0.1 mL ) &5 4E 5 kk
(ATCC9372) 275 0.1 mL, e &4 I1EH
TR ERIRS T T8, £ RS, #Hiks
LARFFAENE MR . H 5 AW il 55 & 1
T A-E AR (pH=7.00 R,

F AR 100k, BeMire SR MY, i85k
RIS A PR . BRI AT e, 5 R
[F) A4 AR 1 TG B A AR- B R 2 vl (pH=7.0)
VRuEmE, W uEMEE TR K G R PAR |, 30~
35°CH:#73~7 do RIS, 75000 1] A2V FF FRIA7 9 T
AW, B 0.1 mL B EGEIE, FH 100 mL TG B 5
TRAN-58 AR ZE R (pH=7.0) PFVLIEME, JERELE
FoR % R R B A TR _E 30~35 °CH%5 3% 3~7 do [
K= 56 21 B 75 B R A VAT T B TR

R 2015 B (A NIRSEANE 25 ), ikt
AW N<100 cfu/0.1 mL (1) B, B BSAE 2043
ARG (R 2, FUEMTNE. Bobh &K (4
BREA 2R M5 5 i B RO B 25 AT A ) JRR R OK
3 I B 97 3L 7 30~35 °CH FEANHEIE 3 d, M A
0 Bk A R B o R ) JR I K T R B I R R R E 30~
35°CHEFEAMIE S do W ZE= Gl 2H o V& Hh— 1t
WA EED /R

2 RIS AP SRR 77 8 P RS F BBV

Table 2  Filtrates utilized in the applicability experiment of bioburden testing methods based on pharmacopoeia

¢4 Groups

JEWK 5 Contents in filtration solution

|

Experimental group

1) <100 cfu/0.1 mL {5 Bk

2) R IR

2) Sample extracted solution

1) Microorganisms suspension solution <100 cfu/0.1 mL

3) pH=7.0 Jo & SALBA- 2 R iR AR D9 b e D
3) Asepsis sodium chloride-buffered peptone water (pH=7.0) (as a flushing fluid)

Pk

Sample group

1) FE R SRR

1) Sample extracted solution

2) 0.1 mL pH=7.0 JG & s AL 4W- 28 IR G v

2) Asepsis sodium chloride-buffered peptone water (pH=7.0) 0.1 mL

3) pH=7.0 Jo T S AL BN- 2 IR b i AR b e )

3) Asepsis sodium chloride-buffered peptone water (pH=7.0) (as a flushing fluid)

R
Bacterial fluid group

1) <100 cfu/0.1 mL [ B

1) Microorganisms suspension solution <100 cfu/0.1 mL

2) pH=7.0 Jo i S AEN- 5 R ZE il R 822 56 ) T L B BULVRD

2) Asepsis sodium chloride-buffered peptone water (pH=7.0) (equivalent to the volume of sample extract)
3) pH=7.0 Jo 1 S 8- 15 1 R G2 il (VB g i 80D

3) Asepsis sodium chloride-buffered peptone water (pH=7.0) (as a flushing fluid)

122 A4 R EMK T & AT Rk
FRAE AR AR BN, B— 8 B o i S AL 8-

EABEMR (pH=7.00 FTREEES . XHT

TR 100 R 7 GEBAE fh 3R T I AE, %

PR o B R AT R, 5 A A AR
R TE SN -2 B R P (pH=7.0) PPiiE
JEE, K DB MR B TR OR SRR AR BEEFE, 30~
35 °CH45%3~7 do

060401-3



5K Wk AR TR IBI TR X BT s A K TR R (s

I 7] &
MR A B 4h 5, MISO 11137-2: 2013
T35 1 BN B2 A B0 R AR UEZK T (SAL)D
107 [ 2K 18 7 2= A B UE 7 & . F Co-60 f5 B &
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1.2.4 LHEKN ol U e )i
P FE AR BLURN, B— 5 = 1 JC e A AN -

EAGFZEMWR (pH=7.00 FITREFET (HES
AR —F0 . RHFTIRG 100 K877 5,
VeMRE SR A, 4 BRI . I it
PR A4 P R O 98, 2 J5 T 100 mL TG 1
SALAN-E AR (pH=7.0) 1HEuEm . E1E
B2 8 b 43 BN 100 mL A% 2. B 2 26 I Ak 85 35 0k
F1100 mL FRES K & BRA B FR AL BE R RS . TR &
P I R I ARG 7R R IR IR P 30~35 °C, RS K F IR
AR R 72 B RS FR IR T 20~25°C, BEFRINAIA A 14 d.
IS 6} 1B 4 PR N <100 cfu/0.1 mL ) 4> 35 (076 %) Bk
B R, B IRIRE 30~35 °C, BRI 72 ho
1.2.5 LA 77 k& FHEE %

B A Y0 <100 cfu/ 0.1 mL (T 2. K
PR 9835, 4 dt P o B (A8 ot 9
)25 5 L L B PR SR IR AR R 3R 35 1 6 AN IE T,
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R3  TER A EE A5 H sk

Table 3 Filtrate utilized in the applicability of sterility
testing method

SEISS RS
Test No. Contents in filtration solution

SEEE1 0.1 mL R
Test 1 Microorganisms suspension solution 0.1 mL
562 1) 0.1 mL AR
Test 2 1) Microorganisms suspension solution 0.1 mL
2) W A SR BUR CRIRE i R T R D
2) Sample extracted solution (see sterility test)
3) 100 mL 76 B S A AN- 5 R 2T (pH=7.0)
3) Asepsis sodium chloride-buffered peptone water
(pH=7.0) 100 mL
2 R

21 HEM5HEKRNER

AN TR e U0 o Sk L R A ) R I 45 R
W4,

R4 FHEROEMRBENER

Table 4 Bioburden test results of the samples

FEh 2R (LY EIED EWHE / cfu Z R BIEREN 7 / cfu

Sample name Bacteria recovery Bioburden Bioburden corrected by recovery
ES T2 ES! TTF2
Scheme 1 Scheme 2 Scheme 1 Scheme 2

JE B 86.0 51.0 1.70 2.00 3.30

Femoral stem

PSS 111.2 72.0 3.40 3.10 4.70

Bipolar ball head

I 116.5 62.0 0.53 0.45 0.85

Bone wax

22 IGIEFIE

FEHE A 1 4k 45 AN ISO 11137-2: 2013 J5 3%

1, 7333 MFE s IR, IR S.

060401-4



W R S L2 %R 2019,37:060401(6)

RS FEMORILTIE

Table 5 Verification dose of the samples

ERE

Sample name

IS UF A5 Verification dose / kGy
J7%1 Scheme 1 J7%2 Scheme 2

Ji% 5 % Femoral stem 3.6 4.1
MU ER Sk 4.1 45
Bipolar ball head

I Bone wax 2.3 2.9

=

23 ®mAKNEFE

3 iR i S B UE TR (AR 6) BTG

1SO 11137-2: 2013 (E R . e K55 & VA it il
SE SR 10%, e KA /DA & P HEARF I EA
N T TE F R 90%. 48T W 7 10538 i E SE I IE
SE, 3FRFE I TCHIE R . T BRI 45 R A ]
P, HLBA MG RO BA 45 R, BH SRR O P 1 45
B, THERBSE RGN BT EHEENSRGS
R, FISO 11137-2: 2013 J7i% 1 s N 2 k%,
AT AF 3 107 T 1 ARAIE 2K P56 B2 P K T 751

#6 IMIERKREKENE

Table 6 Final sterilization dose of the three samples

ERLEZR

Sample name

SIS IER R / kGy TR SE A R

Verification dose for

Results of sterility test

TCTE J7 R A S e A R
Results of applicability of the

RZKFIE / kGy

Final sterilization dose

implementation sterility experimental method
ES Yk V) ES E VN E S TTR2 ES TIE2
Scheme 1  Scheme 2 Scheme 1  Scheme2 Scheme 1 Scheme 2 Scheme 1 Scheme 2
I A 3.64 4.23 Bt Bt TN TN 5 152 16.1
Femoral stem Negative Negative No bacteriostasis No bacteriostasis
MU ER Sk 4.02 4.45 FA 1 FAE TANHE P TN 16.1 16.6
Bipolar ball head Negative Negative No bacteriostasis No bacteriostasis
(e 2.48 3.04 V3R Bk TANE I TANE Y5t 13.1 14.1
Bone wax Negative Negative No bacteriostasis No bacteriostasis
3 it BOREE I, R H AR i B A S G AT B

WR4E LR T LUE 1, FERE R Y
B 7 2 e AR S SR T AR, #2015 fle
HNRILFIEZGH) 543 W B R OR 2 T
FZREISO 11137-2: 2013 h kA tH I B FW 2 . (3
T, GY TR TR [EUCR A R 1 AR
25 REK T 1SO ARtk i 1 1 [ SR AB IR AR ) 1
AR WS BRI R, AR5 IS0 bR
{1 777 925 36 FH 1t S 3 A0 A 5 B b R DX Y o
DRI, oA [ 7 s 6o T 0 e 7 ) 5 B 1 ik
¥, REHATVEN M.

A ) B B SR I 25 R B T S S 36 IE 7 = A
RAKEFEMNZESR . 5K KB & AR,
AT DA R AR FE S, (E 38 0 7 7= i K B
TR o 7 b 0 K B R R AR L AR S oK
SR E IR, B DU S K T A R SIS R A AR

FEflo RBE, WORAES b E K S HON, IR
) A= W A B AN R, 2 ELRR RS ik (KT
JRE A H AR AR B0 A B R
K, 2SBUEVBEMMENER, LEFEH
FLSEH A e, — B BT T AR
KEAMIREITE DL, 245 DR 20 A i oK PR M 5
IR A RERKE G R R RS R, ety
GBI A% L A RBEIA T R L O

4 g

SRR AL I b vEE AT S 0 2 88, 2 i R AN TR
2B 4 G A [ A R AR S A I 25 R . T R =
I f AR R TN AR I, e U I Ty ik 0
PEseat, WEARKSLRSH, P BT AR I AR
ARSI 7 v i & B, 4 REAS B0 o B R ) T
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