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Liste des ATB thermostables pouvant étre
iIncorporés dans des ciments acryliques
« Gentamicine, Tobramycine

« Ceéfalotine, Céfuroxime
« Tetracycline Rifa@<ne @
* Lincomycine, Clindamycine

« Erythromycine

« Oxacilline, Dicloxacilline

« VVancomycine, téichoplanine

* Polymyxine,

« Triméthoprime

* Linézolide

« Daptomycine




Préambule : difféerence utilisation

ciment-ATB en préventif ou en curatif

Use of Antibiotic-Loaded Bone Cement

/\

Prophylaxis Treatment

!

High-Dose ALBC

N

Low-Dose ALBC
(0.5-1.0g of antibiotic
per 40g cement)*®

ALBC Spacers / Prosthesis
Beads / Fixation at time of
PROSTALAC Reimplantation
«Cemented Revision THA / TKA >3.6g of antibiotic 1.0-2.0g of antibioti
wx
-Cemented Primary THA / TKA peritig cement Jrer gy Cermen
- High Risk Patients

Jiranek W; et al. Antibiotic-Loaded Bone Cement for Infection Prophylaxis in Total Joint Replacement. Journal
Bone & Joint Surgery - 2006; 88-A - 11 -



Ciment- ATB preventif | curatif

« Préventif : faible concentration pour éviter conséquences mécanigques avec
peu d’¢élution a long terme, ciments commercialisés (1 ou 2 ATB)

» Curatif : forte concentration d’antibiotique; mélange extemporané avec non-
homogenéité (« hand-made »)
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Lewis G. Estimation of the optimum loading of an antibiotic powder in an acrylic bone cement Gentamicin sulfate in SmartSet HV.
Acta Orthopaedica 2006; 77 (4): 6221 627



Efficacite ciment-ATB prophylaxie primo-

implantation ?
* Insuffisant



Registre norvégien : efficacité ciment ATB vs ciment

ATB + ATBPIV sur prévention infection PTH primaire

Infection-free survival (%)
29,9 - both intravenous antibiotic prophylaxis jand
antibiotic-impregnated cement (SC)
Cavanaugh DL J Bone Joint Surg Am. 2009;91:1907-12 . SC
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Years postoperatively

45,250 primary total hip replacements, performed in Norway in 1987-2007, 2,137 operations were
performed in a clean-air enclosure, 21,627 in operating theaters with laminar flow, and the
remaining operations in operating theaters with standard air ventilation. Dale et al. 2009

Jamsen E. Prevention of deep infection in joint replacement surgery Acta Orthopaedica 2010; 81 (6): 6607 666



L’utilisation de ciment aux atb n’est pas le facteur le plus

iImportant dans la diminution du risque d’'ISO

* Prospectif , 200-2002 11 hopitaux
Pays-Bas

* Patients who did not experience an
SSI(n =1872)

* Patients who experienced an SSI(n
= 50) : incidence rate of 2.6%

van Kasteren et al. Antibiotic Prophylaxis and the Risk of
Surgical Site Infections following Total Hip Arthroplasty: Timely
Administration Is the Most Important Factor. CID 2007;
44:921i 7

Table 2.

Multivariate analysis of risk factors for surgical site

infection following total hip arthroplasty corrected for clustering

of effects within hospitals.

Variable OR (95% CI)  P°
Antibiotic prophylaxis
Duration of prophylaxis
Single dose® Reference
Multiple postoperative doses for=24 h  2.0(06-7.00 .26
Multiple postoperative doses for=24 h  1.410.2-9.2) .69
Timing of administration of prophylaxis
=80 min before incision 131(04-44) 68
31-60 min before incision 09 (04-21) .82
1-30 min before incision Reference
During or after incision 28(09-86) .07
Use of antibiotic-impregnated
bone cement 08(03-19 &7
Patient- and procedure-related variables
Age, years® 1.4(1.0-2.1) .08
Female sex 1.710.7-39) 19
ASA score [E:Et]EI
1 Reference
2 15(0.6-38 .39
3+ 28(0.8-9.2) .09
Duration of surgery of =75th percentile 25(1.1-58 .04




Efficacité clinique ciment-ATB curatif ?

* Tres discutable



Repose en 2 temps PTH infectées sans spacer

aux ATB vs spacer avec ATB

Author Year Local n Follow-up Re-infection
antibiotics (months) (%)
McDonald et al. [32] 1989 —~ 82 635 13
Colyer et al. [29] 1994 —~ 37 36 16
Younger et al. [47] 1997 Spacer 48 43 6.3
Leunig et al. [42] 1998 Spacer 12 26 ]
Haddad et al. [40] 2000 Beads 50 70 8
Koo et al. [46] 2001 Spacer 22 41 h
llyas et al. [45] 2001 Spacer 10 63 0
Takahira et al. [43] 2003 Spacer 9 36 11.1
Yamamoto et al. [44] 2003 Spacer 17 38 0
Hsieh et al. [41] 2004 Beads/spacer 128 59 4.7
Ammon et al. [38] 2004 Beads 57 54 14
Durbhakula et al. [45] 2004 Spacer 22 35 ]
Guilier et al. [30] 2004 —~ 31 28 10
Disch et al. (current results) - — 32 43 6.3

Literature review of results after two-stage revisions of infected hip
iImplants : no clear difference between local ATB vs not

Disch A. et al. Two-stage operative strategy without local antibiotic treatment for infected hip arthroplasty: clinical and radiological
outcome. Arch Orthop Trauma Surg (2007) 127:6911 697



Changement de PTH infectées en 2 temps avec

ciment :

oourcentage de succes variable

Study Treatment protocol Antibiotics in cement
for first stage
Lim et al. [15] Two-stage arthroplasty with Stage 1 Bacteria specificor2 g

Volin et al. [25]

Kilgus et al. [15]

Salgado et al. [22

Toulson et al. [24]

Parvizi et al. [20]

Leung et al.

consisting of resection arthroplasty +
cement beads (5/24), cement spacer
(9/24), autoclaved prostheses
reimplanted with antibiotic-impregnated
cement (10/24)

Two-stage arthroplasty with Stage 1
consisting of resection arthroplasty

Irigation and débridement + polyethylene
exchange (3/19); 2-stage arthroplasty
(details of Stage 1 protocol not provided)
(6/19); excision arthroplasty (10/19)

Débridement and retention of prosthesis
(3/12); 1-stage revision arthroplasty (3/
12); 2-stage revision arthroplasty
with Stage 1 consisting of resection
arthroplasty + cement spacer (4/12);
resection arthroplasty (2/12)

Two-stage arthroplasty with Stage 1
consisting of an antibiotic-impregnated
cement spacer

Imigation and débridement + polyethylene
exchange (24/66); 2-stage arthroplasty
with Stage 1 consisting of resection
arthroplasty + antibiotic-impregnated
cement spacer (42/66)

Two-stage arthroplasty with Stage 1
consisting of resection arthroplasty +
antibiotic-impregnated articulated
cement spacer

vancomycin + 2 g
aminoglycoside per 40 g
cement

NA

NA

Tobramycin or
tobramycin +
vancomycin

Tobramycin and
vancomycin

4 g vancomycin + 3.6 g
tobramycin per 40 g
cement

1.5 g vancomycin + 3.6 g
tobramycin per 40 g
cement (29/38); 1.5 g
vancomycin + 3.6 g
tobramycin + 0.5 g
gentamicin per 40 g
cement (9/38)

Successful control
of infection (%)

67% (16/24)

1005 (6/6)

48% (9/19)

0% (6/12)

1005 (21/21)

Irigation and débridement:
37% (13/35) (both hip
and knee patients); 2-
stage hip arthroplasty:
T5% (24/42)

TO% (30/38)

Followup interval  Infecting organism MNumber
(months)* of patients
56 = 31 (24-117)  MRESA (14/24), 2
MRCNS (10/24)
48 (24-120) MRESA (1/6). f
MRCNS (5/6)
n MRSA (11/19), 19
MRESE (8/19)
190 days MESA 12 (& hips
(4-2279 days) and 4
knees)
64.8 (24-203.5) MRESE (12/21), 21
MRESA (TR21).
VRE (2/21)
Minimum 2 years ~ MRSA (34/66), 66
MRSE (32/66)
58 (24-123) MRESA (10/38), 39
MRSE (26/38),
MRSE and
MRSA (238)

Leung F. Two-stage Total Hip Arthroplasty How Often Does It Control Methicillin-resistant Infection?.Clin Orthop Relat Res (2011)
469:10091 1015



Causes de non-efficacité du ciment-ATB

Hétérogeneéite de la composition des ciments-ATB
avec élution variable diminuant dans le temps;

[c] locales élevees au debut mais n‘'empéchant pas
I'adhésion d'ou la persistence de bacteries avec CMI
tres élevées au sein du biofilm

Evolution de la sensibilité aux ATB des bactéries (R 1)

Développement a long terme de bactéeries R a 'ATB
du ciment

S aureus = bactéries intra-¢

Autres : toxicité ATB pour les cellules osseuses,
complications mecaniques induites par I'entretoise en
tant que corps étranger et effets secondaires p plus
rares comme fievre aux antibiotiqgues ou au allergie au
ciment.



Inefficacité du ciment aux ATB si inoculum élevé

10’CFU (genta * cefuroxime)

Tunney M et al. Biofilm Formation by
Bacteria Isolated from Retrieved Failed
Prosthetic Hip Implants in an In Vitro
Model of Hip Arthroplasty Antibiotic
Prophylaxis. Journal Orthopaedic
Research 01 2007

cfu/em®

1.00E+10

1.00E+09 -

1.00E+08 -

1.00E+07 + B::
1.00E+06 { 8

1.00E+05 | B

1.00E+04

1.00E+03 - [
1.00E+02 {

1.00E+01 -

B Unloaded bone cement

O Unlcaded bone cement & cefuroxime

B Gentamicin loaded bone cement

B Gentamicin loaded bone cement & cefuroxime

1.00E+00 +&

SA2 SA3 SE1 SE2 PA1 PA3 PA7 PAS

Bacterial isolate

When a high initial inoculum was used, gentamicin loading of the cement did not prevent
biofilm formation by the 10 Staphylococcus spp. and the 10 P. acnes isolates tested.
Similarly, the use of cefuroxime in the fluidphase with gentamicin-loaded cement did not
prevent biofilm formation by four Staphylococcus spp.and four P. acnhes isolates tested



Efficacité du ciment aux ATB si inoculum faible

103CFU(genta * cefuroxime)

B Unlcaded bone cement
1.00E+08 1 O Unloaded bone cement & cefuroxime
- B Gentamicin loaded bone cement
B Gentamicin loaded bone cement & cefuroxime
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However, when a low bacterial inoculum was used, a combination ofboth gentamicin-
loaded cement and cefuroxime prevented biofilm formation by these eight isolates.



Non efficacite des antibiotiques sur les bactéries

du biofiim méme a forte concentration
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Diminution de la sensibilité des bactéries
Isolees du biofilm : in vitro

Viability ratios of MSSA, MRSA,
and S. epidermidis of disrupted to
intact biofilms at different
concentrations of vancomycin,
quinupristin/dalfopristin and
linezolid.
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Figure 5

CSgLM images of S. epidermidis (SE6) intact biofilms (A), disrupted biofilm (B) and planktonic cells (C) on plastic coverslips after
incubation for 24 h with 500 pg/ml of vancomycin. The bacterial cells were stained with LIVE/DEAD BacLight bacterial viability
stain to directly visualize the effects of the antibiotic. The green fluorescence reflects processing of the dye by metabolically
active cells while the red fluorescence is characteristic of dead cells. Note that while the green fluorescence was considerably

more prominent in the intact biofilm image, the disrupted biofilm does display more green fluorescence than the planktonic = S. epidermidis

cells. Also, note that the disrupted biofilm consists of large clumps and aggregates compared to the typical clusters of plank- ngzi
tonic cells. ’
Dans le biofilm méme avec de fortes 5 0ol
concentrations d’antibiotiques, un ; - 7 v /
pourcentage important de bactéries survivent £ .. L 7 7
alors qu’elles sont inhibés dans des cultures % .|
en suspension liquide £ ol ’ " |
% 03] )
LNZ<V<QP/DP i '
T 024
El-Azizi M. In vitro activity of vancomycin, % 014
quinupristin/dalfopristin, andlinezolid against intact and disrupted >

biofilms of staphylococci. Annals of Clinical Microbiology and 00 VAN QT L VAW b LRE VAN Qb LiZ VAR GO
Antimicrobials 2005, 4:2 MICgq 50 pg/ml 500 pg/ml 1000ug/m



Inefficacité in vitro de I'addition de

gentamicine

Palacos G Slime tab|llt1.f Bacterial growth MIC value
bone cement production | [bacteria (%) (CFU/cm2) (mg/L)

Plain + 3.24 x 107 (0.93) 3
Gentamicin-loaded \ ++ 4? 2.06 x 107 (1.02) 8

N NS A

L’addition de gentamicine dans le ciment
augmente la formation de slime et entraine le
developpement de small colony variants avec
élévation des CMI.

The live bacteria are green ajid the dead bacteria are red.
The blue clouds represent cqlcentrations of extracellular
polysaccharide substances (@ime) created by the bacteria
on plain (C) and gentamicin-laded bone cement (D).

Neut D. Pseudomonas aeruginosa biofilm formation and slime excretion on antibiotic-loaded bone cement. Acta Orthopaedica 2005;
76 (1): 109-114



Elution des antibiotiques

« Hetérogéneéite avec nombreux facteurs

* [c] In situ elevé mais diminuant dans le temps et
iInferieure aux CMI de bactéries quiescentes

* Un ou 2 antibiotiques



Hétérogéneéité de la composition des

ciments-ATB commercialisés

TABLE |. Compositions® of Five Commercially Available “Premixed” Antibiotic-Loaded Acrylic Bone Cements

Cemex™ XL Endurance ™ Palacos™ SmartSet™
Constituent Genta LV" Copal Gentamicin® R+G GHV'
Powder
Poly(methyl methacrylate) (PMMA) 82.78 - 65.28 - -
Methyl methacrylate (MMA)/styrene - - 18.65 - -
co-polymer
PMMA/MMA co-polymer - 82.65 - 82.15 80.46
Benzoyl peroxide (BPO) 3.00 0.75 1.85 0.78 0.96
Barium sulfate 10.00 - 10.00 - -
___Zirconium dioxide — 10,03 — 15.01 14 37
Gentamicin sulfate 4.22¢ 3.76° 4,22 2.06" 4228
Clindamycin hydrochloride - 282 - - -
Chlorophyll - 0.002 - 0.002 -
Liquid monomer
MMA 98.20 97.98 98.00 97.98 97.50
NN dimethyl-p-toluidine (DMPT) (max.) 1.80 2.02 < 2.00 2.02 < 2.50
Hydroquinone 75 75 75 75 75
Chlorophyll - 0.002 - 0.002 -

g(=1.0 g base).
h(=0.5 g base).

Lewis G . Properties of antibiotic-loaded acrylic bone cements. J of Biomedical Materials Research Part B: Applied Biomaterials 2008



Efficacité insuffisante et variable de différents

120 CMW 1

ciments-ATB sur la formation des biofilms

biofilm formation (%)
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H. van de Belt et al. Staphylococcus aureus biofilm formation on dilerent gentamicin-loaded

polymethylmethacrylate bone cements. Biomaterials 22 (2001) 1607}1611



Adding liguid gentamicin increased porosity, whereas adding vancomycin did

not. Compressive strength decreased by 13%, 37%, and 45% in specimens
containing vancomyecin, liquid gentamicin, and both antibiotics, respectively

Vancomycin Gentamicin Both Antibiotics Controls
Porosity * (%) 58+ 26 la.d+ 1.9% 224+ 344 4.2+ 2]
Compressive Strength (MPa) 79.69 + 621 5799+ 1.57 50032 + 4.97 0x23+ 38

vancomycin alone, (C) liquid gentamicin alone, and (D) vancomydn plus gentamicin liquid.

Hsieh et al. Liquid Gentamicin in Bone Cement. Journal of Arthroplasty 2008



Différence d’élution entre ciments differents

avec la méme charge en atb

1.0 g vancomycin and 2.4 g tobramycin per 40 g packet of cement
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Fig. 1. Mean rate of tobramycin release per disk (mg/h)
over each sampling interval for the 9-week study period.
Standard deviation at cach data point is indicated in

2 phases : rapide <8j puis lente
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Fig. 2. Mean rate of vancomycin release per disk (mg/h)
over each sampling interval for the 9-week study period.
Standard deviation at each data point is indicated in Ta-
ble 3. Please note that the y axis is a logarithm.

Penner M. The In Vitro Elution Characteristics of Antibiotic-loaded CMW and Palacos-R Bone Cements. J of Arthroplasty 1999 14 (2)



Quels antibiotiques ?

» Reésistance augmente
« Comment choisir sans avoir la bactérie ?
e Saureus = bactéries intra-cellulaire



Evolution du type de bactéries en cause dans les
Infections de PTG et de leur sensibilité aux antibiotiques
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arthroplasty. International Orthopaedics (SICOT)2010 0
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S aureus Intra-cellulaire

Small colony variant (A) and normal-phenotype 1000 nm
Staphylococcus aureus (B) isolated from patient 1 on
Columbia blood agar.

Transmission electron micrography of a sample
obtained from the hip joint capsule of patient
Intracellular cocci in a fibroblastare shown in panel C.

Sendi P. S. aureus SCVs in Prosthetic Joint Infection. Clinical Infectious Diseases 2006; 43:96171 7



Infections sur matériel a S. aureus : ATB et

pénétration intra-cellulaire

OlIntrac pre & Intrac post WTotal OExtrac pre B8 Extrac post

10000000

clhu/mL

10000 —

1000

Bacterial counts (mean log cfu/mL) before (pre) and after (post) exposure to gentamicin
(100 mg/L for 2 h) for intracellular and extracellular compartments.

Murillo O et al. Intracellular antimicrobial activity appearing as a relevant factor in antibiotic efficacy against an experimental foreign-
body infection caused by Staphylococcus aureus. JAC 2009;64:1062-6.



Infections sur matériel a S. aureus : ATB et

pénétration intra-cellulaire

Relevant intracellular activity of antibiotics

10000000 7 Ctrl, controls; LVX,
% levofloxacin; CXA,
1 000000 7 7 / SIE)S%CSiIIj/erus controls;
% é é é o | e o o
100000 ? é é é - Z—
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Murillo O et al. Intracellular antimicrobial activity appearing as a relevant factor in antibiotic efficacy against an experimental foreign-
body infection caused by Staphylococcus aureus. JAC 2009;64:1062-6.



Toxicité pour cellules osseuses




Effets toxiques des antibiotiques sur les

cellules osseuses : etudes In vitro

In vitro studies presenting the effect of gentamicin on bone cells.

Author/year  Cells used Dose Effect

Pedersen and  Rat calvaria stromal cells 20-320  Cell proliferation and ALP activity inhibited with concentrations > 80 pg/ml

Lund 1988 [30] ug/mi

lsefuku etal.  Human osteoblasts 30-1000 Cell proliferation, ALP activity total DNA inhibited with concentrations

2003 [29] ug/ml > 100 pg/ml

Chang et al BM MSCs in humans 50-200  Cell proliferation inhibited with concentrations above 100 pg/ml. ALP

2006 [28] ug/mi activity and DNA content was inhibited in a dose dependant manner.
5gag and type 2 and X collagen lower in growing chondrocytes with
gentamicin levels > 100 pg/ml

Ince et al. Human fetal osteoblasts 125-800 No inhibition of proliferation but reduced ALP activity in concentrations

2007 [27] ug/ml > 25 pg/ml

Ince et al. Murine osteoblasts 125- 800 Cell viability reduced with concentrations > 200 pg/ml, ALP activity reduced

2007 [26] (C2C12) ug/ml in all concentrations

BM: Bone marrow; MSC: Mesenchymal stem cell.

Les ciments aux antibiotiques relarguen
pouvant avoir un effet délétere sur les cellules osseuses

Pountos I. The effect of antibiotics on bone healing: current evidence. Expert Opin. Drug Saf. 2011 [Early Online]



Effet toxigue des ATB sur osteoblastes

La gentamycine a
haute concentration
réduit la viabilité
cellul aire
phosphatase alcaline
In vitro, ce qui

est peut-étre néfaste
pour la cicatrisation
0sseuse in vivo

Ince A et al. Gentamicin negatively influenced osteogenic functiofi -

Viabilite

Fig. 1 WST-1 test of C2C12
08

viability of C2C12-cells

cells after exposure to gentami-
cin for 48 h (first bar) and

subsequent meubation for 24 h
without any antibiotic (second

bar) (*p=0.05 to control)

2 C2C12 gell n beraﬂ .
eémvtﬁ: to gen m 8% t |
(first bar) and wbsaquem incu-
bation for 24 h without any
antibiotic (second bar) (each

vahie not significant versus
control, p=0.05 to control)
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Fig.3 ALP activity of C2CI12

cells after exposure to gentami- 0.8
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in vitro. International Orthopaedics (SICOT) (2007) 31: 2231 228
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Spacer et billes non résorbables = danger

*Corps étranger - Inflammation

 Adhésion bactérienne - Infection du ciment-
ATB

Néecessité de les enlever et mettre en culture



Bactéries isolees de spacers en ciment
avec antlblothue a la gentamlcme

Neut D. Blomaterlal associated infection of gentamicin-loaded PMMA beads in orthopaedic revision surgery.
Journal of Antimicrobial Chemotherapy (2001) 47, 8851 891




|Isolement de bactéries sur des billes de

ciments charges a la gentamicine

Table 2. Pathogenic organisms and their antibiotic profiles prior to implantation of beads and after removal

Case Pathogenic Antibiotic susceptibility Organism identified
organism prior to beads implantation after beads explantation beads tissue
gentamicin vancomycin gentamicin vancomycin

1 S epidermidis ] s r s S. epidermidis  none
2 S epidermidis r s - - none none
3 S aureus s s - - none none
4  F mirabilis s
S. aureus s s - - none none
F aeruginosa ]
5 S aureus s s - - none none
6 5. epidermidis r s - - none 5. aureus
none none
7  MHSA s s 5 s none MRSA
5 s MASA none
8 S epidermidis r s r s S. epidermidis  S.epidermidis
9 S epidermidis r s r s S. epidermidis  none
10 S aureus s s - - none none
S. aureus s s - - none none
Anagnostakos K. Persistence of 11 Saureus - h - - —— s
bacterial growth on antibiotic- 12 Corynebacterium - - - - ”0”9 s
loaded Beads. Acta Orthopaedica 13 nbi - - - - none none
2008;79(2):302i 7 14 5 aureus 5 5 - - none none
15 S aureus s s - - none none
Streptococcus ] s - -

In all cases where organisms were isolated, the number of CFU was > 103/mL.
Persistence of bacterial growth on the PMMA was observed in 22% of the cases (4/18).
S. epidermidis strains could be isolated on 3 gentamicin-loaded beads,

In case 1, gentamicin resistance emerged after implantation of beads despite an
apparent susceptibility of the S. epidermidis strain preoperatively



Changement en 2 temps PTG avec spacer aux

ATB : Echec avec persistance de la bactérie

Control
Pulsed-field electrophoresis of coagulase- strain
negative staphylococci (CNS) isolated in A § ,‘E oy g ,? i P D i
patient No. 9, with two late chronic infections ChSfist TN Mt tomblopsy i
in subsequent knee prostheses. arthroplasty arthroplasty
A) First stage: CNS isolated in several tissue < > —>e » Y < >

samples.

B) B) Second-stage: S. epidermidis
isolated only in the culture of the antibiotic-
loaded spacer, different from the previous
CNS

C) The same S. epidermidis is found in tissue
biopsies one year later. D) A new two-stage
exchange of the prosthesis is performed; first
stage cultures are positive for the same S.
epidermidis found in B and C.
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Culture nécessaire des spacers
implantés lors de la chirurgie de
changement de protheses
articulaires en 2 temps a la repose
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Cabo J. Clinical outcome and microbiological findings using antibiotic-loaded spacers in two-stage revision of
prosthetic joint infections. Journal of Infection (2011) 63, 23e31



Complications mecaniques des spacers aux

antibiotiques
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Fievre due a la Piperacillline-tazobactam

contenue dans un ciment péi-prothetique
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Fig. 2. Drug provocation test with piperacillin/tazobactam.
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Days after the insertion of bone cement

Fig. 1. The development of fever, skin rash and blood easinopfiia in relation t the insertion of anfibiofic-loaded bone cement and the administration of systemic anfibiotics. The
bone cement was loaded with pieracilinviazobactam, cefezol sodium, gentamicin and vancomyein hydrochloride.

Park HB. Drug Fever Due to Piperacillin/Tazobactam Loaded into Bone Cement. J Korean Med Sci 2011; 26: 301-303



Conclusion

* Préventif I curatif
* Imparfaits
o Autres véhicules résorbables

» Autres produits que des antibiotiques
(peptides, argent?)

» Coating des implants (ATB,
Recombinant Human b-Defensin-2 )



