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FEDERAL REGULATORY ISSUES:FEDERAL REGULATORY ISSUES:
RECOMRECOMMMENDED BIOCOMPATIILITY TESENDED BIOCOMPATIILITY TESTTINGING 

AND REGULTIOAND REGULTIONN OOFF TISSUE ENGTISSUE ENGIINEEREDNEERED 
PRODUCTSPRODUCTS

M. SpecM. Specttor,or, PPhh.D..D.

Required Biocompatibility Training andRequired Biocompatibility Training and 
ToxiToxicolcoloogy Profilgy Profiles fes foor Er Evvaluatialuation of Mon of Meedicaldical 

DeviDevicesces

http://www.fda.gov/cdrh/g951.htmlhttp://www.fda.gov/cdrh/g951.html
•• FDAFDA--modified matrix that designates the type of testingmodified matrix that designates the type of testing

needed for variousneeded for various medical devices.medical devices.
•• It also incluIt also includdes a flowes a flow chart entitled "Biocompatibilitychart entitled "Biocompatibility

FlowFlow Chart for the SeChart for the Selelectioction of Toxicity Tn of Toxicity Teests forsts for 
510(k)s.510(k)s.““

•• The guidance wThe guidance wiill be efll be effecfecttivive foe for ar alll submissiol submissionns that ws that willill 
be received on or after July 1, 1995. The former guidance,be received on or after July 1, 1995. The former guidance,
#G87#G87-- 1 entitled "Trip1 entitled "Tripaartite Brtite Biiocompatibility Guidance,ocompatibility Guidance,"
may continue to be applied until a final decision is reachedmay continue to be applied until a final decision is reached
on each submission receivon each submission received prior to July 1, 1995.ed prior to July 1, 1995. 
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Required Biocompatibility Training andRequired Biocompatibility Training and 
ToxiToxicolcoloogy Profilgy Profiles fes foor Er Evvaluatialuation of Mon of Meedicaldical 

DeviDevicesces

•• Biological evaluation of mediBiological evaluation of medical devices is performed tocal devices is performed to
deterdetermmine the potentiaine the potential toxicityl toxicity resulting from contact ofresulting from contact of
the component matethe component materriiaalls of the devs of the deviiccee wwiith the body.th the body.

•• The device materiaThe device materialls ss shhould not,ould not, either directly or througheither directly or through
the release of their mathe release of their materiateriall constituents:constituents:
– ((ii)) pprroodduuccee aaddvveerrsse loe locacal ol orr ssyyssttememicic effeffeectcts;s;
– (ii(ii)) bebe ccaarcinrcinoogenicgenic;; oror
– (iii(iii) produce advers) produce adversee reprreprooductiductivve ande and dedevelveloopmepmenntaltal eefffects.fects.

•• Therefore, evaluation of anTherefore, evaluation of any newy new device intended fordevice intended for 
human use requires data from systematic testing to ensurehuman use requires data from systematic testing to ensure
that the benefits provided by the final product wiill exceethat the benefits provided by the final product w ll exceed 
any potential risks produced by deany potential risks produced by device materials.vice materials.

Required Biocompatibility Training andRequired Biocompatibility Training and 
ToxiToxicolcoloogy Profilgy Profiles fes foor Er Evvaluatialuation of Mon of Meedicaldical 

DeviDevicesces
• When selWhen seleeccttiinng the apg the appropropprriiaatte tese testtss forfor bbiiolologogiiccalal evevalaluuaattiioonn oof a mef a medicaldical 

devicedevice, one m, one muusstt ccoonsinsidder theer the chechemmicalical cchhararacacteristeristticics ofs of dedevicevice mmaateterialsrials andand 
the nature, dethe nature, degree, fregree, frequencquency any and durd duratiatioon ofn of its eits exxposposuure tore to ththe boe body.dy.
• InIn genergeneraal, thl, the tee tests ists inncludeclude::
– acute, subacute, sub- chchroronniic anc andd chchronroniicc toxictoxiciittyy;;
– irritatirritatiionon to sto skkiinn, e, eyyeses anandd mumucoscosaal sl suurfacesrfaces;;
– sensitisensitizzation;ation;
– hemocompatibilithemocompatibilityy;;
– genotoxicitgenotoxicityy;;
– carcincarcinogenogeniicitcityy; an; andd
– effectseffects onon repreprorodduucctiontion ininclucluddiinngg ddeevelopvelopmmenenttaal effl effectsects..

• AddiAddititiononal tesal testtss ffoor specir specificfic tatargergett ororgan toxicigan toxicity,ty, ssuuch asch as neurneurotoxicotoxiciityty anand
immunotoxiciimmunotoxicityty mmaay bey be necneceessssary forary for ssoome deme devicevices.s.
– For example,For example, a neurologicala neurological devicedevice withwith ddiirerect conct conttact withact with bbrraiain parn pareenncchhyymma anda and 

cerebcerebrosrosppininalal flfluuiidd (CS(CSFF) may) may reqrequuiirere anan ananiimmal impal impllanant tt teesstt toto evaevalluuaate itste its effecteffects
on the brain paon the brain parenchymarenchyma,, suscsusceptieptibilitbility to seizy to seizure, andure, and effectseffects on the functionalon the functional 
mechanism ofmechanism of choroidchoroid pleplexxus andus and arachnoidarachnoid villi to secrete anvilli to secrete and absorb (CSF).d absorb (CSF).

• The speciThe specific clfic clinicalinical aapplicatiopplicationn andand thethe mmaaterialsterials used iused inn thethe manumanufacfacttureure ofof 
thethe new devinew deviccee dedetermiterminesnes which tewhich testssts arare approprie appropriateate..
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InteInterrnnaattioionanal Ol Orrgaganizanizatition fon foor Sr Sttandards, ISOandards, ISO 
htthttpp:://www.//www.isoiso..ch/isoch/iso//en/Cen/CatatalogalogueListueListPagPagee..CCatatalogalogueList?ueList?IICCSS11==1111&ICS2=&ICS2=100100

&ICS3=&ICS3=

ISO 10993ISO 10993--1:19971:1997BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 1: Evaluation and testingPart 1: Evaluation and testing

ISO 10993ISO 10993--2:19922:1992BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 2: Animal wPart 2: Animal weellffare requiare requirementrementss

ISO 10993ISO 10993--3:19923:1992BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 3: Tests forPart 3: Tests for genotoxicitygenotoxicity, carcinogenicity and, carcinogenicity and
reproductivreproductivee toxtoxiicitycity

ISO 10993ISO 10993--4:20024:2002BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 4: Selection of testsPart 4: Selection of tests for interafor interactions wctions wiith bloodth blood

ISO 10993ISO 10993--5:19995:1999BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 5: Tests for in vitroPart 5: Tests for in vitro cytotoxcytotoxiicciityty

ISO 10993ISO 10993--6:19946:1994BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 6: TesPart 6: Testts for los for locacal effects after implantatiol effects after implantationn

InteInterrnnaattioionanal Ol Orrgaganizanizatition fon foor Sr Sttandards, ISOandards, ISO 
htthttpp:://www.//www.isoiso..ch/isoch/iso//en/Cen/CatatalogalogueListueListPagPagee..CCatatalogalogueList?ueList?IICCSS11==1111&ICS2=&ICS2=100100

&ICS3=&ICS3=

ISO 10993ISO 10993--7:19957:1995BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 7: EthPart 7: Ethyylene oxidlene oxide sterilize sterilizaation restion residualsiduals

ISO 10993ISO 10993--8:20008:2000BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 8: Selection and qualificatPart 8: Selection and qualification of reference materiaion of reference materialls fors for 
biological testsbiological tests

ISO 10993ISO 10993--9:19999:1999BiBiolologiogiccalal eevalvaluatuatiionon of medical devof medical deviicesces ----
Part 9: FPart 9: Frramewamework for identifiork for identification and quacation and quantification ofntification of 
potential degradation productspotential degradation products

ISO 10993ISO 10993--10:200210:2002Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 10: Tests for irritation and delayedPart 10: Tests for irritation and delayed--typetype hypersensitivhypersensitiviityty

ISO 10993ISO 10993--11:199311:1993Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 11: Tests for systemic toxPart 11: Tests for systemic toxiicitycity

ISO 10993ISO 10993--12:200212:2002Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 12: Sample preparation and reference materiallsPart 12: Sample preparation and reference materia 
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InteInterrnnaattioionanal Ol Orrgaganizanizatition fon foor Sr Sttandards, ISOandards, ISO 
htthttpp:://www.//www.isoiso..ch/isoch/iso//en/Cen/CatatalogalogueListueListPagPagee..CCatatalogalogueList?ueList?IICCSS11==1111&ICS2=&ICS2=100100

&ICS3=&ICS3=

ISO 10993ISO 10993--13:199813:1998Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 13: Identification and quPart 13: Identification and quantification of dantification of deegradationgradation
products from polymeric medical devicesproducts from polymeric medical devices

ISO 10993ISO 10993--14:200114:2001Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 14: Identification and quPart 14: Identification and quantification of dantification of deegradationgradation
products from ceramicsproducts from ceramics

ISO 10993ISO 10993--15:200015:2000Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 15: Identification and quPart 15: Identification and quantification of dantification of deegradationgradation
products from metals and alloysproducts from metals and alloys

ISO 10993ISO 10993--16:199716:1997Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 16:Part 16: ToxicokineticToxicokinetic study design for degradation productsstudy design for degradation products
and leachablesand leachables

ISO 10993ISO 10993--17:200217:2002Biological evaluBiological evaluaationtion of medical devicesof medical devices ----
Part 17: Establishment of allowPart 17: Establishment of allowaablble limits fore limits for leachableleachable
substancessubstances

American Society f r Testing and MaterialsAmerican Societ oy for Testing and Materials

http://www.astm.orghttp://www.astm.org
SearchSearch ““BiocompatibilityBiocompatibility””
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FDAFDA
TISSUE ENGINEERING PRODUCTSTISSUE ENGINEERING PRODUCTS

FDA's Tissue Reference GroFDA's Tissue Reference Group Worksup Workshhopop 
August 29, 2001August 29, 2001 -- Slide PresentationSlide Presentation

Human Cells, Tissues, aHuman Cells, Tissues, and Cellular and Tissuend Cellular and Tissue--
Based Products (HCT/Ps) Regulated as DevicesBased Products (HCT/Ps) Regulated as Devices

MarkMark N.N. MelMelkkersonerson
CDRH / FDACDRH / FDA
Tissue Reference GTissue Reference Grroup (TRGoup (TRG)
““FDAFDA’’s TRG Processs TRG Process””

http://http://www.fda.gov/cber/summaries/melkersontrg.htmwww.fda.gov/cber/summaries/melkersontrg.htm

PremPremarkarkeett ReviReview of Biew of Biolologiogicalcal Products &Products & 
MedicalMedical DeviDevicesces 

•• Biological ProduBiological Producctsts 
•• MedicalMedical DeviDevicesces 
•• Combination ProductsCombination Products 
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Definition of a Medical DeviceDefinition of a Medical Device 

••

••

••

••

““...apparatus,...apparatus,……, implant,, implant, in vitroin vitro reagereagent,nt, 
including any componentincluding any component……or accessory...or accessory... 
intended for the diagnosis, mitigation, treatment,intended for the diagnosis, mitigation, treatment, 
or prevenor prevention of disease...tion of disease... 
or intended to affect theor intended to affect the structstructure or funure or function ofction of 
the body...the body... 
and does not achieve its primary intendedand does not achieve its primary intended
purposes through chemicalpurposes through chemical action waction wiithin or onthin or on 
the bodythe body……and wand whhich is not dependent uponich is not dependent upon
being metabolizbeing metabolizeded…”…”

ExamplExamples ofes of MedMediical Devical Devices &ces & 
Combination ProductsCombination Products 

•• MedicalMedical DeviDevicesces -- collagen, hyaluronic acidcollagen, hyaluronic acid 
and synthetic implantsand synthetic implants 
–– FocalSealFocalSeal--LL -- aqueous PEG solutions modifiedaqueous PEG solutions modified 

to phototo photo--polymeripolymerizeze in situin situ
–– EmdogainEmdogain -- porcinporcinee enamel matrix proteinsenamel matrix proteins 

•• Combination ProductsCombination Products --
–– ApligrafApligraf -- cells on bovine collcells on bovine collagenagen 
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Marketing ApplicationsMarketing Applications 

••

••

••

PremarketPremarket Notification (Class II Devices)Notification (Class II Devices)
Section 510(kSection 510(k)) of theof the FD&C Act (21 CFR 807)FD&C Act (21 CFR 807) 
PremarketPremarket Approval Application (Class IIIApproval Application (Class III 
Devices)Devices)
Section 515 of the FD&C Act (21 CFR 814)Section 515 of the FD&C Act (21 CFR 814) 
Humanitarian Device ExHumanitarian Device Exememppttion (requion (requiires HUDres HUD 
DesignatiDesignatioon)n)
Section 520(m) of the FD&C Act (21 CFRSection 520(m) of the FD&C Act (21 CFR 
814.100)814.100) 

PremarketPremarket Notification ReviewNotification Review 

•• CaseCase--byby--case approach, excepcase approach, except if cant if can 
demonstratedemonstrate ““equivalentequivalent”” to predicate deviceto predicate device 
•• Basic elements:Basic elements: 
–– Same IntendedSame Intended Use(sUse(s)) 
–– PreclinicaPreclinical equivalence of Product Manufacture,l equivalence of Product Manufacture, InIn 

vitrovitro and/orand/or in vin viivovo testingtesting 
–– May need to demonstrateMay need to demonstrate equivalence of Clinicalequivalence of Clinical 

PerfoPerforrmance, if seeking specificmance, if seeking specific indicaindication(stion(s) fo) for user use 
under general intendedunder general intended use(suse(s) or diffe) or differencrences ines in 
technologtechnologiical characal characcteristicsteristics 
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Food anFood and Drud Drugg AdminisAdministtratirationon 
Modernization Act of 1997Modernization Act of 1997 

•• Gave CDRH auGave CDRH authorthoritity ty too recognrecognizeize 
natinationonal and inal and internatternationionaal stanl standards indards in 
product reviewsproduct reviews 
––AlloAllowwss foforr ““Declaration of ConformityDeclaration of Conformity””
–– SomeSomewhat mirrors device mawhat mirrors device marketingrketing 

authoritieauthoritiess used in Europeused in Europe 

CDRH Standards Program 

www.fda.gov/www.fda.gov/cdrh/stdsprog.htmlcdrh/stdsprog.html
•• Standards ParticipationStandards Participation 
––ASTM F0ASTM F044 
•• Division IVDivision IV -- Tissue Engineered MedicaTissue Engineered Medical Pl Prroductsoducts 

(TEMPS)(TEMPS) 

–– ISO TC 150ISO TC 150 
•• Working Group 11Working Group 11 -- Tissue Engineered ImplaTissue Engineered Implanntsts 

(Review(Reviewiing Other Standards Developmentng Other Standards Development 
ActivActiviities)ties) 
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PremarketPremarket Approval ReviewApproval Review 

•• CaseCase--byby--case approachcase approach 
•• Both safety and effectiveness evaluationsBoth safety and effectiveness evaluations 
•• Basic elements:Basic elements: 
––Product ManufactureProduct Manufacture 
––In vitroIn vitro andand in vin viivovo testingtesting 
––Clinical PerformanceClinical Performance 
––Product LabelingProduct Labeling 

•• Product ManufactureProduct Manufacture 
––Cell, tissue & biomatCell, tissue & biomatereriaial sourcl sourciingng 
––Product ProcessingProduct Processing 
––InIn--process and final product testsprocess and final product tests 
––AdventitiouAdventitiouss agents & coagents & co--purifying impuritiespurifying impurities 
––LotLot -- toto -- lotlot consistencyconsistency
––Quality controQuality control proceduresl procedures 

PremarketPremarket Approval ReviewApproval Review 

•• In vitroIn vitro andand in vivoin vivo testingtesting 
––Toxicity /Toxicity / GenotoxicityGenotoxicity
––Biomaterials biocompatibilityBiomaterials biocompatibility 
––ImmunogenicImmunogeniciity /inflaty /inflammatory remmatory responsessponses 
––Models of pModels of prroduct effectivoduct effectivenesseness 
––Product resorption/decompositionProduct resorption/decomposition 

•• Investigating productInvestigating product safety and clinicalsafety and clinical 
benefit:benefit: 
––Patient populationPatient population 
––InvestigatInvestigatioional and contronal and control trl treateatmmeentsnts 
––Study endpointsStudy endpoints 
––Study conductStudy conduct 
––Data analysisData analysis 
––Labeling claimsLabeling claims 
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Investigational Human StudiesInvestigational Human Studies 

•• An exemAn exemptionption from markfrom marketineting apg approvalproval iis
required when unapproved products arerequired when unapproved products are 
studied in humans.studied in humans. 
–– Investigational DeviInvestigational Device Exemption (IDE) 21ce Exemption (IDE) 21 

CFR 812CFR 812 

•• For significant risk medical devices:For significant risk medical devices: 
––FDA approval of IDFDA approval of IDEE 
–– IRB approvalIRB approval 

Humanitarian Device ExemptionHumanitarian Device Exemption 

•• Requires HUD (maximum of 4000 cases/perRequires HUD (maximum of 4000 cases/per
year) and requires no alternatives beyear) and requires no alternatives be
marketedmarketed 
•• CaseCase--byby--case appcase apprroachoach 
•• Both safety and probable benefitBoth safety and probable benefit

evaluatievaluationsons 
––Product ManufactureProduct Manufacture 
–– In vitroIn vitro andand in vivoin vivo testingtesting 
––ClinicalClinical PerforPerfor
––Product LabelingProduct Labeling 
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Internet Access to FDA DocumentsInternet Access to FDA Documents 

••

••

••

••

Proposed Approach to ReguProposed Approach to Regulation of Cellular andlation of Cellular and 
TissueTissue--Based ProductsBased Products -- 2/28/972/28/97 --
http://http://www.www.fda.gov/cber/gdfda.gov/cber/gdllns/CELLTIns/CELLTISSUE.txtSSUE.txt
Tissue Action PlanTissue Action Plan --
http://www.fda.gov/cber/tissue/tissue.htmhttp://www.fda.gov/cber/tissue/tissue.htm
IntercenterIntercenter Agreement BetwAgreement Between The Center foeen The Center for Bior Biollogogicsics 
Evaluation andEvaluation and ResearchResearch and The Center for Devicesand The Center for Devices 
and Radiologicaland Radiological HealthHealth --
http://www.http://www.ffda.gov/oc/ombudsmada.gov/oc/ombudsman/bion/bio--dev.hdev.htmtm
Guidance on Applications for Products ComGuidance on Applications for Products Compprised ofrised of 
Living Autologous Cells Manipulated Ex Vivo andLiving Autologous Cells Manipulated Ex Vivo and
Intended for Structural RepairIntended for Structural Repair or Reconstruction (5/96)or Reconstruction (5/96) 
-- http://http://www.fda.gov/cber/gdwww.fda.gov/cber/gdlns/GDEXV.TXTlns/GDEXV.TXT

Internet Access to FDA DocumentsInternet Access to FDA Documents 

••

••

••

••

Guidance FGuidance Foor the Submissr the Submission of Chemistry,ion of Chemistry,
Manufacturing and CoManufacturing and Controls Information andntrols Information and 
Establishment Description for Autologous Somatic CellEstablishment Description for Autologous Somatic Cell
Therapy ProductsTherapy Products -- 1/10/971/10/97 --
http://http://www.fda.gov/cber/gdwww.fda.gov/cber/gdllns/xvcmc.txtns/xvcmc.txt
Required BiocompatibRequired Biocompatibilityility TraininTrainingg and Toxicologyand Toxicology
Profiles for Evaluation ofProfiles for Evaluation of MedMedical Devices 5/1/95 (G95ical Devices 5/1/95 (G95--11)
-- http://www.fda.gov/cdrh/g951.htmlhttp://www.fda.gov/cdrh/g951.html
Public Health Service GuidePublic Health Service Guidelline oine onn InfectiousInfectious DiseaseDisease 
Issues inIssues in XenotransplantationXenotransplantation
http://www.fda.gov/cber/gdhttp://www.fda.gov/cber/gdllns/xenns/xenophs0101.htmophs0101.htm
FDA PMFDA PMA Database SA Database Seearch Enginearch Engine
http://http://www.accessdata.fda.gov/scriwww.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPpts/cdrh/cfdocs/cfPM
A/pma.cfmA/pma.cfm
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Tissue Related DocumentsTissue Related Documents

http://www.fda.gov/cber/tissue/docs.htmhttp://www.fda.gov/cber/tissue/docs.htm
•• Guidance for Industry: Availability of Licensed DoGuidance for Industry: Availability of Licensed Donornor 

ScreenScreening Tests Labeled for Use wing Tests Labeled for Use wiithth CadavCadaveericric BBlloodood 
SpecimensSpecimens -- 6/23/20006/23/2000 
•• Suitability Determination for Donors of Human CellularSuitability Determination for Donors of Human Cellular

and Tissueand Tissue--Based Products; Proposed Rule; reopening ofBased Products; Proposed Rule; reopening of
comment periodcomment period -- 4/18/20004/18/2000 
•• Establishment Registration and Listing forEstablishment Registration and Listing for

Manufacturers oManufacturers off HuHuman Cellular and Tissueman Cellular and Tissue--BasedBased 
ProductsProducts -- 5/14/985/14/98 
•• Guidance for IndustryGuidance for Industry -- ScreeningScreening and Testing of Donorsand Testing of Donors

of Human Tissue Intended for Transplantationof Human Tissue Intended for Transplantation -- 7/29/977/29/97 
•• Guidance for the Preparation of aGuidance for the Preparation of a PremaPremarrketket NotificatioNotification

ApplicaApplicattionion for Profor Processcesseed Human Dura Materd Human Dura Mater --
http://www.fda.gov/cdrh/ode/054.hhttp://www.fda.gov/cdrh/ode/054.htmltml

Specific Product InformationSpecific Product Information

•• FocalSealFocalSeal--L SealantL Sealant-- FoFoccaall -- SSESSE 
––http://wwwhttp://www.fda.gov/cdrh/pdf/p990028b.pdf.fda.gov/cdrh/pdf/p990028b.pdf

•• ApligrafApligraf -- OrganOrganoogenesisgenesis -- SSESSE 
––http://wwwhttp://www.fda.gov/cdrh/pdf/p950032.pdf.fda.gov/cdrh/pdf/p950032.pdf

•• CCSCCS -- OrtecOrtec, Inc., Inc. -- SSPB (H990013)SSPB (H990013) 
––http://wwwhttp://www.fda.gov/cdrh/pdf/h990013b.pdf.fda.gov/cdrh/pdf/h990013b.pdf
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MultiMulti--Agency TiAgency Tissue Engineerinssue Engineeringg ScienceScience 
(MATES) Work(MATES) Working Grouping Group

The MultiThe Multi--AgenAgency Tissue Engineering Scy Tissue Engineering Sccienceience 
(MATES) W(MATES) Woorkrking Group is proposed as aing Group is proposed as a 
means for the various fmeans for the various feederal agenderal agenciescies 
involved in Tissue Engineering to stayinvolved in Tissue Engineering to stay 
informed of each otherinformed of each other’’s actis activivitiesties andand betbettterer 
coordincoordinaate their effte their effoorts.rts. 

hthttptp://://www.www.ttiissueengssueengiineeringneering..ggoovv

MultiMulti--Agency TiAgency Tissue Engineerinssue Engineeringg ScienceScience 
(MATES) Work(MATES) Working Grouping Group

Five Year Plan; SubcoFive Year Plan; Subcommittee on Biotechnologymmittee on Biotechnology
The termThe term ““Tissue EngineeringTissue Engineering”” was coined at an NSFwas coined at an NSF--sponsoredsponsored

meeting in 1987(1). At a subseqmeeting in 1987(1). At a subsequent NSF suent NSF spponsored wonsored woorkshop,rkshop,
Tissue Engineering wTissue Engineering waass defined asdefined as ““the application of principlesthe application of principles
and methods of engineering and liand methods of engineering and life sciences towfe sciences towaard fundamentalrd fundamental 
understanding of structureunderstanding of structure--function relationships in normal andfunction relationships in normal and
pathological functionpathological function”” (2). This multid(2). This multidisciplinisciplinary technologyary technology
involves the development of biologinvolves the development of biological substitutes for the rical substitutes for the reepaipair or or
regeneration of tissue or organ function and has led to a bregeneration of tissue or organ function and has led to a brroadoad 
range of products.range of products.

1.1. Heineken FG andHeineken FG and SkalaSkalakk R. Tissue Engineering: A BriefR. Tissue Engineering: A Brief
OverviewOverview, Journal of, Journal of Biomechanical EngineeringBiomechanical Engineering 113113, 111 (1991)., 111 (1991). 

2.2. SkalakSkalak R and Fox CF, eds.R and Fox CF, eds. Tissue Engineering, ProTissue Engineering, Procceedings for eedings for a
Workshop held atWorkshop held at GraGrannlibakkenlibakken, Lake Tahoe, California, Lake Tahoe, California,,
February 26February 26--29, 1988, Alan29, 1988, Alan LissLiss, Ne, New Yorkw York..

hthttptp://://www.www.ttiissueengssueengiineeringneering..ggoovv
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MultiMulti--Agency TiAgency Tissue Engineerinssue Engineeringg ScienceScience 
(MATES) Work(MATES) Working Grouping Group

To date, some of these products have been approved by the U.S.To date, some of these products have been approved by the U.S.
Food and Drug Administration while many are under eitherFood and Drug Administration while many are under either
preclinicapreclinical investigatl investigation or regulatory evaluation (3, 4). Sinceion or regulatory evaluation (3, 4). Since
1990, the Tissue Engineering industr1990, the Tissue Engineering industry has grown to become morey has grown to become more
than a $3.5 billion wthan a $3.5 billion woorldwrldwideide R&R&D effort by over seventyD effort by over seventy
biotechnology startbiotechnology start--ups and business units (5, 6). Less than tenups and business units (5, 6). Less than ten
percent of this effort is fundedpercent of this effort is funded by tby thhe U.S. government, be U.S. government, buut thit thiss 
contribution is rapidly increasing.contribution is rapidly increasing.

3.3. HellmaHellmann KKBB, Kn, Knighightt E, andE, and DurDurfforor CN. TissCN. Tissue Engineering: Prue Engineering: Productoduct 
ApplicApplicationsations and Reand Regulgulaatortoryy IsIssuessues, p, ppp.. 341341-36366,6, FrFronontietierrs ins in TissuTissue
EngineeriEngineeringng,, Charrles W. Patrick, Antonioo G.Cha les W. Patrick, Antoni G. MiMikokoss,, aand Larrnd Larry Vy V.. McInMcIntirtiree
((eeds.)ds.), A, Ammststerdaerdam,m, ElsevElseviier Science (1er Science (1998).998). 

4.4. HellmaHellmann KKBB., S., Soolomon Rlomon RRR,, GaffeGaffeyy C,C, DurfDurforor CC aanndd BisBishhoopp JG,JG, IIIIII.
TissueTissue Engineering: RegulEngineering: Regulaatortoryy ConsideConsiderrations,ations, PrinciPrinciples ofples of TisTisssueue 
EngineeriEngineering, 2ndng, 2nd EEddititioionn, R, Rooberbertt LanzaLanza, Robert, Robert Langer, and JosephLanger, and Joseph P.P. 
VacVacaannttii ((eeds.)ds.), A, Accadademicemic PPress, San Diego,ress, San Diego, CalCaliiforniforniaa (in pre(in pressss)).. 
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