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Implanta(on*

•  Assess*the*local*pathological*effects*on*living*(ssue,*
at*both*the*gross*level*and*microscopic*level,**
•  Sample*of*a*material*or*final*product*that*is*

surgically*implanted*or*placed*in*an*implant*site*or*
(ssue**

•  Appropriate*for*the*site,*route*and*dura(on*of*
contact.**



Scope:*materials*1/2*
•  Solid*and*nonBbiodegradable;**

•  Dental*implants*
•  Cardiac*valves*
•  Pacemakers*

• NonBsolid,*such*as*porous*materials,*liquids,*pastes*and*
par(culates.**
•  Scaffolds*for*bone*growth*
• Wound*dressing*
•  Fillers*in*puMy*(injectable)*



Scope:*materials*2/2*

• Degradable*and/or*resorbable;**
• Resorbable*bone*scaffolds*
• Resorbable*s(tches*sutures*
•  Fillers*

• Evaluate*par(culates,*degrada(on*products*



Aim*

• Characterize*the*history*and*evolu(on*of*the*(ssue*
response*aTer*implanta(on**
• As*compared*to*a*known*(accepted,*state*of*the*art)*
posi(ve*control*and*if*possible*a*nega(ve*control*
(void)*
• NOT*intended*to*evaluate*or*determine*the*
performance*of*the*test*specimen*
•  Mechanical*performance*
•  *func(onal*loading**



Planning*of*tests*

•  Animal*model:**
•  species:*usually*rats*or*rabbits,*larger*animals*must*be*jus(fied*
•  site*of*implant*as*appropriate*to*the*kind*of*device:*bone,*(ssue,*
subcutaneous*

•  number*of*specimens*per*animal:*lower*number*of*animals,*avoid*crossB
effects*

•  Control*
•  Posi(ve:*state*of*the*art,*market*compe(tor,*predicate*device*
•  Nega(ve:*void,*inert*material,*…*

•  Size*of*implant*specimen*
•  Propor(onate*to*animal*size?*Full*device?*Miniaturized*device?*

•  PreBimplant*procedures*i.e.*mixing,*polymeriza(on,*insert*in*holders,*
seeding*with*cells*as*appropriate*(avoid*immune*reac(ons?)*



Test*period*

•  Required*(me*points:**
•  no*or*minimal*degrada(on,*usually*to*be*evaluated*at*1*
week*to*12*weeks*aTer*implanta(on;**
•  while*degrada(on*is*taking*place;*
•  when*a*steady*state*has*been*reached*((ssue*restora(on*or*
degrada(on*nearing*comple(on)*

•  Animals*should*be*killed*at*each*(me*point,*in*line*with*ISO*
10993B2.*Serial*harvest*under*general*anaesthesia*with*
recovery*may*be*acceptable*under*special*circumstances,*
which*shall*be*documented*and*jus(fied.**



Test*period*choice*

ISO 10993-6:2007(E) 
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In the absence of complete degradation, absorption, or restoration to normal tissue structure and function, the 
overall data collected may be sufficient to allow characterization of the local effects after implantation. 

NOTE In vivo degradation may need a rather long period of time, sometimes more than one year. Additional animals 
may be beneficial to extend the observation period when the implant has not been degraded completely within the 
expected investigational time period. 

Although this part of ISO 10993 does not address the issues of systemic toxicity as given in ISO 10993-11, it 
is recommended that the information required to meet this part of ISO 10993 be obtained from any systemic 
toxicity studies using implantation. 

For long-term implantation studies, generally accepted observation periods are given in Table 1. 

Animals should be killed at each time point, in line with ISO 10993-2. Serial harvest under general 
anaesthesia with recovery may be acceptable under special circumstances, which shall be documented and 
justified. 

Table 1 — Selection of test periods for long-term implantation 

Implantation period in weeks Species 

12 26 52 78 (104) a 

Rats X X X   

Guinea pigs X X X   

Rabbits X X X X X 

Dogs X X X X X 

Sheep X X X X X 

Goats X X X X X 

Pigs X X X X X 

a Depending on the intended use of the test material, not all implantation 
periods may be necessary (see ISO 10993-12). An observation period of 104 
weeks may be of interest in selected instances. 

5.4 Surgery and testing conditions 

Surgery shall be performed under general anaesthesia. If another type of anaesthesia is used, this shall be 
justified and shall be in compliance with ISO 10993-2. The specific insertion or implantation procedures for 
subcutaneous, intramuscular or bone implantation are described in Annexes B, C and D, respectively. 

The number of implants per animal and the number of animals per observation period are described in 
Annexes B, C and D. A sufficient number of implants shall be inserted to ensure that the final number of 
specimens to be evaluated will give valid results. 

The surgical technique may profoundly influence the result of any implantation procedure. Surgery shall be 
carried out under aseptic conditions and in a manner that minimizes trauma at the implant site. Remove the 
hair from the surgical area by clipping, shaving or other mechanical means. Disinfect the exposed area of skin 
with an appropriate disinfectant. Ensure that the implants or wound surfaces do not come in contact with the 
hair. After surgery close the wound, using either sutures or wound clips, taking precautions to maintain aseptic 
conditions. 

The health of the animals shall be observed and recorded at regular intervals during the study. Following 
surgery, each animal shall be observed at appropriate intervals during the test period, and any abnormal 
findings shall be recorded, including local, systemic and behavioural abnormalities, and their potential 
influence on the results obtained described in the test reports.  
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Surgery*and*tes(ngB*subcutaneous*

•  Specimens:*flat*and*thin,*membranes*or*tubes*(10*mm*in*diameter*or*
lenght)*

•  Subcutaneous*inser(on*must*avoid*doubling*or*wrinkling*of*sheet*
•  Preferred*the*dorso*or*the*neck*
•  At*least*three*animals,*a*total*of*10*test*and*10*control*samples*for*
each*material*and*implanta(on*period.*Sec(ons*for*histology*shall*be*
at*least*1*cm*apart.**



From%the%web:%dental%membrane%



From%the%web:%results%



Surgery*and*tes(ngB*muscle*

•  Specimens:*podBshaped,*cilinders,*no*rough*ends*or*sharp*parts*(10*
mm*long)*

•  Inser(on*completely*in*the*muscle*
•  Paravertebral*muscles*of*rabbits*or*gluteal*muscle*of*rats*
•  At*least*three*animals,*a*total*of*10*test*and*10*control*samples*for*
each*material*and*implanta(on*period.**



Surgery*and*tes(ng*Bbone*

•  Specimens:*no*predefined*shape,*preferred*cilinder;*size*from*2*to*12*
mm*depending*on*species*

•  Complete*or*par(al*inser(on*according*to*intended*use*
•  Cancellous*(“spongy”)*or*dense*compact*bone*of*rabbits,*dogs,*
sheep,*goat,*pig*



Example%from%the%web%



Example:%rabbit%condyle%



Example:%screw%
•  Fig.*1*.*(A)*Prior*to*
implant*site*
prepara(on,*a*
peripheral*slit*was*
outlined*with*the*
trephine*to*help*
posi(on*the*implant*
in*a*central*loca(on.*
(B)*A*screwBshaped*
(tanium*implant*was*
inserted*in*the*
horizontal*por(on*of*
the*rabbit*mandible*
perpendicularly*to*
the*bone*surface.**



Result:%failure%

Fig.*4*.*Failure*of*graT*integra(on.*Most*of*the*
transplanted*bone*has*been*resorbed*and*a*large*
fibrous*gap*can*be*observed*along*the*en(re*graT*
perimeter*with*negligible*interfacial*boneBtoB
implant*contact.*The*rectangular*frames*refer*to*the*
areas*where*BDT*(red*frame)*and*BDR*(yellow*
frame)*were*measured*(modified*trichrome*stain,*
original*microscope*magnifica(on*Â*3).**



Macroscopic*Results*

• Macroscopic*assessment*
•  Of*implant*site*
•  Of*lymphnodes*
•  Of*animal*carcass*if*appropriate*
•  Gross*evalua(on*of*haematoma,*oedema,*encapsula(on*and/or*
addi(onal*gross*findings**

•  MUST*take*pictures*

• No*predefined*passBno*pass*index*is*given*
in*the*norm*
•  Comparison*to*the*controls*to*assess*risk*



Microscopic*Results:*biological*
response*
•  Tissue*
•  fibrosis/fibrous*capsule*(layer*in*micrometres)*and*inflamma(on;**
•  changes*in*(ssue*morphology;**
•  presence,*extent*and*type*of*necrosis;**
•  other*(ssue*altera(ons*such*as*vasculariza(on,*faMy*infiltra(on,*
granuloma*forma(on*and*bone*forma(on;**

•  Cells:*
•  number*and*distribu(on*as*a*func(on*of*distance*from*the*material/
(ssue*interface*of*the*inflammatory*cell*types,*namely*polymorph*
nuclear*neutrophilic*leucocytes,*lymphocytes,*plasma*cells,*eosinophils,*
macrophages*and*mul(nucleated*cells;**

•  NOTE:*Adverse*histological*responses*shall*be*documented*by*
photomicrograph.**



Microscopic*Results:*material*

•  fragmenta(on*and/or*debris*presence*
•  form*and*loca(on*of*remnants*of*degraded*material;**
•  quality*and*quan(ty*of*(ssue*ingrowth,*for*porous*and*degradable*
implant*materials.**
•  %*of*new*(ssue*
•  %*of*remaining*implant*material*



Example:%putty%material%



Fig!3.!BiocompaAbility!and!cell!infiltraAon.!

Modulevsky*DJ,*Cuerrier*CM,*Pelling*AE*(2016)*Biocompa(bility*of*Subcutaneously*Implanted*PlantBDerived*Cellulose*Biomaterials.*PLOS*ONE*
11(6):*e0157894.*doi:10.1371/journal.pone.0157894*
hMp://journals.plos.org/plosone/ar(cle?id=10.1371/journal.pone.0157894*



Microscopic*Results:*material*

•  For*degradable/resorbable*materials,*at*the*intermediate*or*nearly*
complete*degrada(on*levels,**
•  Evaluate*quan(ty*and*state*of*the*residuals*
•  Evaluate*of*the*restora(on*to*normal*structure*

•  For*implants*in*bone,**
•  Evaluate*the*area*of*bone*contact*and*the*amount*of*bone*in*the*vicinity*
of*the*implant**

•  Evaluate*new*nonBcalcified*(ssue,*bone*resorp(on*or*new*bone*
forma(on*



Results*scores:*cells*

ISO 10993-6:2007(E) 
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Annex E 
(informative) 

 
Examples of evaluation of local biological effects after implantation 

Examples of quantitative scoring systems are given in the Bibliography (see References [16], [17], [25] and 
[26]. 

For each histological characteristic evaluated, such as capsule formation, inflammation, presence of 
polymorphonuclear cells, giant cells, plasma cells and/or degradation of material, the semi-quantitative scoring 
system used should be described in the evaluation report. 

Some examples of such semi-quantitative scoring systems are described below and in the Bibliography (see 
References [25], [26], [31], [40] and [41]). The evaluation system as described in Tables E.1 and E.2, may be 
converted to an implant evaluation system as described in Table E.3. 

For examples of scoring systems used for biological evaluation of degradable materials, see Reference [19]. 

Table E.1 — Examples of a histological evaluation system — Cell type/response 

Score Cell type/response 

0 1 2 3 4 

Polymorphonuclear cells 0 Rare,1-5/phf a 5-10/phf Heavy infiltrate Packed 

Lymphocytes 0 Rare,1-5/phf 5-10/phf Heavy infiltrate Packed 

Plasma cells 0 Rare,1-5/phf 5-10/phf Heavy infiltrate Packed 

Macrophages 0 Rare,1-5/phf 5-10/phf Heavy infiltrate Packed 

Giant cells 0 Rare,1-2/phf 3-5/phf Heavy infiltrate Sheets 

Necrosis 0 Minimal Mild Moderate Severe 
a phf = per high powered (400 !) field. 

Table E.2 — Examples of a histological evaluation system — Response 

Score 
Response 

0 1 2 3 4 

Neovascularisation 0 
Minimal capillary 

proliferation, focal, 
1-3 buds 

Groups of 4-7 
capillaries with 

supporting 
fibroblastic 
structures 

Broad band of 
capillaries with 

supporting 
structures 

Extensive band of 
capillaries with 

supporting 
fibroblastic 
structures 

Fibrosis 0 Narrow band Moderately thick 
band Thick band Extensive band 

Fatty infiltrate 0 
Minimal amount of 
fat associated with 

fibrosis 

Several layers of 
fat and fibrosis 

Elongated and 
broad accumulation 

of fat cells about 
the implant site 

Extensive fat 
completely 

surrounding the 
implant 
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Results*scores:*(ssue*
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Annex E 
(informative) 

 
Examples of evaluation of local biological effects after implantation 

Examples of quantitative scoring systems are given in the Bibliography (see References [16], [17], [25] and 
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For each histological characteristic evaluated, such as capsule formation, inflammation, presence of 
polymorphonuclear cells, giant cells, plasma cells and/or degradation of material, the semi-quantitative scoring 
system used should be described in the evaluation report. 

Some examples of such semi-quantitative scoring systems are described below and in the Bibliography (see 
References [25], [26], [31], [40] and [41]). The evaluation system as described in Tables E.1 and E.2, may be 
converted to an implant evaluation system as described in Table E.3. 

For examples of scoring systems used for biological evaluation of degradable materials, see Reference [19]. 
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Score Cell type/response 
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Table E.2 — Examples of a histological evaluation system — Response 

Score 
Response 
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Neovascularisation 0 
Minimal capillary 

proliferation, focal, 
1-3 buds 

Groups of 4-7 
capillaries with 

supporting 
fibroblastic 
structures 

Broad band of 
capillaries with 

supporting 
structures 

Extensive band of 
capillaries with 

supporting 
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Fibrosis 0 Narrow band Moderately thick 
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the implant site 

Extensive fat 
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implant 

 

UNI EN ISO 10993-6:2009

NOBIL BIO RICERCHE SRL - 2011 - 692937 - eco



Results*acceptance*

ISO 10993-6:2007(E) 
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Table E.3 — Example of a semi-quantitative evaluation system 

Test sample: Implantation interval: 

 Test sample Control sample 

Animal number:       

Inflammation 

 Polymorphonuclear 

      

 Lymphocytes       

 Plasma cells       

 Macrophages       

 Giant cells       

 Necrosis       

SUB-TOTAL (! 2)       

 Neovascularisation       

 Fibrosis       

 Fatty infiltrate       

SUB-TOTAL       

TOTAL       

GROUP TOTAL   

AVERAGE a TEST (") CONTROL # 

 Traumatic necrosis       

 Foreign debris       

 No. sites examined       

a Used to determine irritant ranking shown below as the conclusion. A negative difference is recorded as zero. 

Conclusion: Under the conditions of this study, the test sample was considered a 

$ non-irritant (0,0 up to 2,9) 

$ slight irritant (3,0 up to 8,9) 

$ moderate irritant (9,0 up to 15,0) 

$ severe irritant (% 15) 

to the tissue as compared to the negative control sample. 
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Use*of*implant*tes(ng*for..*

•  Performance*assessment*
•  Time*of*degrada(on*or*integra(on*
•  Trauma*on*local*(ssues*
•  Integra(on*scores*(detachment)*

•  Preclinical*assessment*
•  Clinical*parameters**

•  Predicate*device*comparison*
•  Used*as*control*



Performance*assessment*

•  Expected*technical*features*of*implant*
•  Change*of*physical*characteris(cs*over*(me*
•  Stress*test**
•  Surface*characteriza(on*

•  Expected*in*vivo*behaviour*
•  Degrada(on,*par(cles*
•  Cracks,*crevices*



Preclinical*assessment*

•  Clinical*parameters*
•  Osteointegra(on*or*integra(on*in*(ssue*
•  Presence*of*fibrous*or*healthy*(ssue*
•  Different*behavior*at*the*interface*of*different*(ssues*(example:*dental*
implant*with*bone*and*gum)*

•  Time*of*healing,*pain*and*swelling,*infec(on*



Predicate*device*as*(addi(onal)*
control*
•  Defines*“state*of*the*art”*behavior*
•  Equivalent*clinical*outcome*in*vivo*helps*confirm*clinical*equivalence*
•  Literature*on*predicate*acceptable*as*appropriate**
•  Lower*need*of*clinical*trials*

•  BeMer*clinical*trial*planning*
•  Exclude*poten(al*clinical*risks*
•  BeMer*define*clinical*trial*endpoints*







Ques(ons?*


