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ABSTRACT

Thisarticlegivesabriefdescriptionoftheexistingregulationsrelatedtobiomaterials
safetythatneedtobeconsideredbeforeitisintroducedintoEUmarket.According
totheseregulations,theriskanalysisshouldincludetwocharacteristics:probability
ofoccurrenceofharm,andseverity.Identifieduser-relatedharmshouldbereduced
bymanagingtherisk.Additionally, thereviewpresentsanoverviewofengineered
biomaterials(EBMs),whichincombinationwithnanoscalecomponents(NPs)have
shown promises in Advanced Therapy Medicinal Products (ATMP) and Medical
Devices(MD).Inthisarticle,recentchallenges,objectivesandperspectivesinrisk
assessmentandriskmanagementofATMPandMDcomposedofnanobiomaterials
werealsohighlighted.
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INTRoDUCTIoN

Medical Devices (MD) and Advanced Therapy Medicinal Products (ATMP) play
a crucial and still growing role in improving human healthcare. The market size
relatedtobiomaterialsappliedinMDandATMPdevelopment,commercialization,
manufacturing and distribution was about $330 billion in 2013 and is growing at
~6%peryearthrough2017inconsequencecontributessignificantlytotheEuropean
economy(http://ec.europa.eu/growth/sectors/medical-devices_en)

Due to that biomaterials inevitably come in contact with the patient’s tissue
and/or circulatory system their application should be always accompanied with a
comprehensiveriskassessmentandriskmanagement(Hollinger,2011).Managingand
reducingriskisnecessarytoensurethesafetyofthedesigneddevices(Palanichamy,
2002).Theriskanalysisshouldincludeprobabilityofoccurrenceofharmandseverity.
According to these twocharacteristics, therewere three riskzonesdefined: i) risk
zone1thatconsistsmedicaldeviceswithgenerallyacceptablerisk(lowseverityand
lowprobability);ii)riskzone2–conditionallyacceptablerisk(mediumseverityand
probability);andiii)riskzone3–generallyunacceptablerisk,Figure1(Palanichamy,
2002). In consequence, medical devices will be defined as ‘unacceptable’ only in
case,ifitsapplicationprovidestocatastrophiceffects(e.g.todeath),andthiseffect
occursfrequently.

There are existing regulations related to biomaterials safety that need to be
consideredbefore their introduction intoEuropean (EU)market (EUCommunities
1990,1993,1998).The threemaindirectives are:directive90/385/EEC regarding
active implantable medical devices (EU Communities 1990); directive 93/42/EEC
regardingmedicaldevices(EUCommunities1993)anddirective98/79/ECregardingin 
vitrodiagnosticmedicaldevices(EUCommunities1998).TheEuropeanCommission
alsoadoptedaseriesofimplementationmeasuresandguidelines,ofwhichthemost
knownaretheMedicalDevicesDirectiveseries,alsoknownasMEDDEV(MEDDEV,
1994,2010).Currently,theISO10993-1:2009(ISO,2009)isinpracticeforthesafety
testingandriskassessmentofmedicaldevicesincludingbiomaterials.Thisguideline
provides the information on how to perform the biological safety assessment for
biomaterialsconsideringthebodycontactanddurationofthiscontact(ISO,2009).

Thegoaloftheriskmanagementanalysisistoprovidetoolstominimizeuser-
relatedhazardsthatareidentifiedwithinriskassessmentanalysis.Theriskmanagement
processforbiologicalevaluationofmedicaldevicesisdescribedinISO10993-1:2010
(ISO,2010),AnnexBandfollowsthewordingofISO14971:2012(ISO,2012)and
theguidancedocumentISO/TR15499:2016(ISO/TR,2016).Further,inISO10993-
1,AnnexBtheriskanalysisisextendedandalsocomprisesriskevaluationandrisk
control.ISO/TR15499:2016providesmoredetailedadviceoncarryingoutbiological
riskevaluationswithinariskmanagementprocessthanISO10993-1.

Biologicalsafetyassessmentapproachesdedicatedtomedicaldevicesproposed
sofarhaveseriouslimitations.Firstly,mostoftheseassaysarebasedonthein vivo
teststhatneedtobeperformedforeachmaterialseparately(extrapolationfromone
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