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ABSTRACT

The purpose of this study was to demonstrate that the ultrasonic energy
used to melt the tip of an absorbable polylactide Pin (SonicPin) does not
have a significant effect on the chemical characterization and associated
degradation properties of the material. The results indicate that the
polylactide Pin after ultrasound is chemically equivalent to the SonicPin
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prior to ultrasound with regard to chemical structure and risk of leachable
compounds. The evidence gathered from literature and testing suggests
that any potential toxicological risk to the patient is not amplified by the
application of ultrasonic energy to melt the tip of the device.
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INTRODUCTION

Biodegradableimplantsareincreasngly usedinthe
field of operative sports medicine. Today, avariety of
implants such asinterference screws, staples, sutures,
tacks, suture anchors, and devicesfor meniscal repair
areavalable. Theseimplantscons st of different biode-
gradable polymersthat have substantialy different raw
materia characteristicssuch asinvivo degradation, hogt-
ti ssue response, and osseous replacement(y,

Theclinicd suitability of applying resorbablepins
with an ultrasound wel ding procedure has, among other
things, already been confirmed in independentinvitro

andinexperimenta studiesinanimasandthey thusrep-
resent afurther innovative devel opment of conventiond
surgical techniques. Here, for example, oneshould re-
fer tothepublications of Langhoff et a.[?, Mai et al.®
and Rilling et a.*%, who dl basetheir findingson posi-
tiveanimd studiesin sheep, whichwerecarried out with
thedready cited and directly comparablepinsfromKLS
Martin. Inal these casesabiomechanicaly stablein-
ternal fixation, without complications, and resorption of
theimplant materia without artifactscould bedemon-
strated. Changesinthematerid caused by sonochemical
processes could not be demonstrated.
TheSonicPin™ (Stryker, Schoenkirchen, Germany)
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isanewly devel oped absorbable pinwhich contains of
99.96% Poly (L-lactide-co-D, L-lactide) at amolar
ratio of pproximately 70:30 (L, lactide:D, L-lactide).
Theremaining 0.04% of the SonicPiniscomprised of a
blue colorant (D& C Blue No.6). The required
(bio)mechanica strength (especidly theflexurd strength
and thetensilestrength, with ~97 MPaand ~68 M Pa,
respectively, for sterilized samples) of the polymer dur-
ing the primary healing phasein situ, of up to 6 weeks,
which for examplein vitro showsamarked reduction
only after about 180 days, isnot significantly affected
by itsbioresorption properties. In these casesthe hal f-
lifeisabout 290 days. Asaresult of hydrolysis, within
480 daysthe molecular weight or theinherent viscosity
falsfromabout 1.5t00.3dl/g. Claeset d.[9, withthe
Polypin® from Synthes Co., Bern, Switzerland and
Moser et a.[, with aresorbable plate-and-screw sys-
tem, both from the same polymer materid, arriveat a
comparableresuilt.

After implantation into bone, the SonicPiniscom-
pletely resorbed by the body within 2-3 years by the
natural physiological processof hydrolysis, ultimately
resulting inthe degradation productsof H,0and CO,,
The SonicPin™ is approximately 2.2mm in diameter,
and comesinlengthsof 22mmand 26mm. TheSonicPin
isapplied with the SonicDriver Handpieceto apply a
pulse of ultrasonic energy that melt down 8mm of the
SonicPinwithin 6 secondsastheimplantisplaced within
apre-drilled holein bone. Theultrasonic energy causes
melting and liquification of thetip of the SonicPin™,
Theliquefiedtip becomesintegrated into the surround-
ing porous structure of the existing bone, resultingin
improved implant fixationand minimizingtheoccurrence
of implant loosening. Thisspecia modeof gpplication
corresponds, in principle, to the ultrasound wel ding pro-
cedure already known from the plastics processing and
seaming technology®9. Thisstudy providesan equiva
lency assessment of polylactide resins used to manu-
facture a bioabsorbable bone implant called the
SonicPin. Thepurposewastoinvestigate, if theultra-
sonic energy used to melt thetip of the SonicPindevice
doesnot haveas gnificant effect onthechemical char-
acterization and associ ated degradati on properties of
themateria of manufacture. Thus, the biocompatibility
aspects of the bioabsorbable SonicPin wereal so ex-
pected to remain unchanged.

MATERIALSAND METHODS

Samplesof thelarger size26mm SonicPin (before
and after ultrasound application) were used for com-
parativechemical characterizationtesting. Eachsample
wassubjectedtoavariety of teststo eva uatetheamount
and characteristics of extractables usng methodology
prescribed in the United States Pharmacopeia (USP)
for the Chemical Characterization of Materias. Tests
wereredizedat NAMSA, Northwood, OH, USA and
financially supported by Stryker Osteosynthesis. Total
extractablesfor Non-Vol atile Residue were evauated
by the USP Phys cochemica test method using purified
water, methanol, and hexane sol ventsextracted for 24
hoursat aminimum of 50°C. Materials that will contact
body tissuesaretypically extracted in both polar and
nonpolar environmentsto capturedl thepotentia chemi-
cal compoundsthat could possibly leachinto the pa
tient upon exposure to the device®. The USP also
describestheuse of infrared spectroscopy to identify
and fingerprint the extract and theimplementation of
Liquid chromatography-mass spectrometry for analy-
sisof semi-volatile compounds present. ISO 10993-
18 describesthe use of chemical characterization to
establish equivaence of materialsand establishesthe
precedencefor thistypeof testing. Thetestsperformed
on each manufacturinglot wereasfollows:

1. USPPhyscochemicd Test - Plastics<661>, Aque-
ousand Non-Aqueous Extraction in Purified Wa-
ter (PW), Methanol (MeOH), and Hexane (HX)
for Totd Non-Volatile Residue

2. USP Physical Test - Chapter <736>, Infrared
Analysis using Fourier transform spectroscopy
(FTIR) of each extract

3. USPPhysical Test - Chapter <851>, Trace Meta
Anaysisusing Inductively Coupled Plasma Spec-
troscopy and the PW extract

4. USPPhysical Test - Chapter <736>, M ass Spec-
trometry: Gas Chromatography using the PW,
MeOH, and HX extractsfor andyssof semi-vola
tilecompounds

5. USPPhysica Test - Chapter <736>, Mass Spec-
trometry: High Performance Liquid Chromatogra
phy using the PW, MeOH, and HX extracts for
andysisof non-volatileorganic compounds

To proof biocompatibility it isnecessary to obtaininfor-

Research & Ru}u)lm: Dp To—

olymer



RRPL, 2(1) 2011

Benjamin Kienast et al. 17

mation to demonstrate the extent to which the congtitu-
entsof thedevice material will beavailable under the
actud intended use of thedevice. Thisiscommonly de-
termined through extractiontestsonthedeviceusng ap-
propriateextraction conditions (timetemperature/media)
to ensurethat any potential hazardous substancesre-
leased during useof thefinished devicewill bereleased
into theextraction media. Theextract residue canthen
beanayzed quditatively and/or quantitatively to gener-
atedataused in the determination of material equiva
lenceand biologica safety. Althoughthe SonicPinisab-
sorbed dowly by thephysiological processesof thebody,
itisstill congdered apermanent implant becausethede-
vicehasdirect contact with tissue/lbonefor aperiod ex-
ceeding 30days. Therefore, in order tosmulatetheper-
manent implantation period, worst-caseexhaustive ex-
traction of the SonicPinwas carried out using each of the
solvents. Theexhaudtiveextraction processinvolvesre-

—== Pyl Papasr

peeted extraction of thesametest artidleuntil theamount
of resduesinasubsequent extractionislessthan 10% of
that detectedintheinitia extraction. TheNon-Volatile
Resdue(NVR) iscaculated gravimetricaly at theend
of each extraction by evaporating avay the sol vent and
weighingtheresdue. Thetotd extractables(NVR) rep-
resentsall the organic andinorganic (el emental) sub-
stancesthat can migratefrom the SonicPin deviceinto
the solvent under the controlled temperatureand time
parameters(70°C when using PW, 50°C used for MeOH
and HX). A representative portion of thetest material
wasextracted by exhaustivemethodsin each of thethree
solventsat aratio of 4grams: 20 ml. Theaverageweight
of a26mm SonicPinis120mg (0.12 grams). Sodthough
the samplequantity extracted in methanol wasonly 1.4
grams, thisweight isequivalent to nearly 12 SonicPin
devices, far morethan the number of devicesthat could
be expected to beimplanted inasingle patient.

TABLE 1: Changesof non-volatileresduebeforeand after ultrasound after exhaustiveextraction

Tet Article Extraction Change of quantity Change of Extraction Change pf Tota_lle
Solvent (befor e/after ultrasound) Volume Non-Volatile Residue
26mm SonicPin  Purified Water -2,6% -2,6% -15,4%
26mm SonicPin  Methanol +/-0% +/-0% -5,4%
26mm SonicPin  Hexane -2,6% -5,5% -0,0%
by the Soni cFus on handpiece has no significant effect
RESULTS on the degradation properties of the SonicPin and its

Asthetableof extracted res duesdemongtrates, the
totd extractables(NVR) of the SonicRinmateria before
and after ultrasound mdtingremanedonasimilarlevd.
The NVR change after water extraction of the two
sampleswasthehighest with areduction of 15,4%. How-
ever theabsoluteresidua amountsweremorethan 10
fold below the guidelines established by the USP (~ 15
mg) for water extraction of polymer-based devices. In
polymeric maeridslikethecrosdinked Polylactideused
to manufacturethe SonicPin, Methanol and Hexaneare
typicaly used to evaluate lipophilic extractable com-
pounds. Herenolimitsexist for NVR using Methanol or
Hexaneastheextraction medium. But thetotd extracted
res dueobtaned fromthetwo different SonicPin devices
(before and after ultrasonic application) were nearly
equivdentinMethanol andinHexane Thusfromaqudi-
tative assessment after exhaudtiveextractionwascarried
out in 3 different solvents, the ultrasonic energy applied

res stanceto physologicd fluidsencounteredinthebody.
Thetest extractswill befurther evd uated viagas chro-
matography and mass spectrometry (GC/MS) and lig-
uid chromatography and mass spectrometry (LC/MYS)
to characterizethe configuration and quantitiesof non-
volatileand semi-volatile compounds evident to leach
from the bi oabsorbabl e SonicPin materid . A portion of
each SonicPinsextract (water, methanol, and hexane)
wasdried and theresulting residueandyzed by infrared
spectroscopy. Thissenstiveanayticd methodisusedto
identify themgjor structura componentsof agiven chemi-
ca molecule, demonstrated by absorbance peaksof the
recorded spectrum. Small differencesinthestructureand
condtitution of amoleculecanresultinggnificant changes
inthedistribution and height of absorbancepesksinthe
fingerprint region of theresultant spectrum®. Usingthis
test method, IR (infrared) energy ispassed through athin
film of material (or extract) and theamount of energy
absorbed at variouswavelengthsismeasured. There-
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sultant infrared scan chartswavel ength pesksversusab-
sorptionthat ischaracterigtic of achemica structure, typi-
caly matched from aspectrumlibrary of known materi-
astoadtheidentification process. Based onthe FTIR
database of infrared spectraof variouscompounds, the
magor bandsat thewave engthsidentifiedinthemgority
of thegpectrumsmost d osely matched thereferencescan
for polylactide. Polylactide (PLA) isan diphatic polyes-
ter that makes up the backbone of the RESOMER LR
706Sresin used to fabricate the SonicPin, thusthis cor-
relation of the spectra scanisexpected. Direct compari-
son of the SonicPin methanal extractions(pre- and post-
ultrasonic gpplication) show that the scanswerenearly
identica, with each spectrum exhibiting pesk maximaat
approximately 1750, 1200, and 1100 cm®. The metha
nol extractionswereconsdered for comparativeeva ua
tiongncethequantitiesof non-volatileres duesweremuch
higher thanthe NV Rsobtai ned after extractioninwater
or hexane. Based ontheinfrared spectral data, the ex-
tracted resi duesderived from each SonicPin configura-
tioninmethanol areconsideredto bechemicdly equiva
lent. No unknown bands of any significancewerenoted
inthe spectraof themateria samples. Thisprovidesad-
ditional evidencethat no hazardous derivativesor other
degradation compounds arereadily apparent after pro-
cessing of the RESOMER LR 706Sinto SonicPinde-
vices, further limiting thepotentid for toxicologicd risk to
the patient. A smd| portion of each purified water extract
(fromtheNVR assay) wasanayzed using Inductively
Coupled Plasmaspectroscopy. A scan for 27 trace me-
tallicelementsintheextract wasconducted, withanin-
strument detectionlimit of 0.05 ppm (ug/ml). The results
found traceamountsof Boron, Aluminum, Barium, Cal-

cium, and Phosphorusinthe SonicPinwater extractions,
however no quantity exceeded 2.3 ppm, thusthesefind-
ingsarenot sgnificant from atoxicologica perspective.
Each of thesed ementsisnaturaly occurringinthehuman
body or widely exposed through daily water and dietary
intake. Sincethe SonicPinismanufactured fromtheor-
ganic polylactidemolecule(contai ning only carbon, oxy-
gen, and hydrogen dements), the presenceof traceme-
tallicelementsinthewater extractionsismost likely at-
tributed to |eachabl e substances from the borosilicate
glasswareused for thetest or crosscontaminationimpu-
ritiesintheingrumentation from previoustest samples.

TABLE 2: | CP spectroscopy results

Test Article Extraction Elements Concentration
Solvent Detected (ppm)
icPi Boron 2.3
26mm SonicPin Purified Water
(control) Phosphorus 1.8
Boron 0.51
26mm SonicPin » Aluminum 0.24
(post-ultrasonic  Purified Water )
application) Barium 0.36
Cacium 0.36

Materid sthat comeinto contact with tissue/bone,
liketheRESOMER LR 706 Sused to manufacturethe
SonicPinimplant, fall intothecritical category requiring
anaytical methodsto identify and quantify any signifi-
cant chemica compoundsextracted in solventsintended
tomimictypica bodily fluids. Chromatography coupled
with mass spectroscopy produces qualitative, finger-
print-likeinformation that can be characterized down
to specific molecular structuresand quantitiesbased on
appropriate standards. A small portion of each extract
from thetwo SonicPin configurationsunder study was

TABLE 3: GC/M Sanalysisof the SonicPin test extracts

Test Article Extract Tentatively I dentified Compound MVC\;I(:%UA? C;%;r:t?;et?on
26mm SonicPin (control) H,O No semi-volatile compounds found N/A N/A
2-methypropyl-hydrazine 88 10.56 ppm
26mm SonicPin (control) MeOH  3,6-dimethyl-1,4-dioxane-2,5-dione 144 5.54 ppm
Various organic branches of compounds N/A 4.05-15.67 ppm
26mm SonicPin (control) Hexane No semi-volatile compounds found N/A N/A
26mm SonicPin after ultrasound ~ H,O No semi-volatile compounds found N/A N/A
2-methypropyl-hydrazine 88 12.21 ppm
26mm SonicPin after ultrasound MeOH  3,6-dimethyl-1,4-dioxane-2,5-dione 144 4.15 ppm
Various organic branches of compounds N/A 3.74-17.80 ppm
26mm SonicPin after ultrasound  Hexane No semi-volatile compounds found N/A N/A
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anayzedintriplicatefor the presence of semi-volatile
organic compoundsusing GC/M Sinstrumentation. A
preparation of phenanthrenewasanayzed smilarly at
three concentrationsof 2, 25 and 50 ppmto establisha
concentration curvefor reference against any unknown
identified compounds.

Astheresultsin the preceding table indicate, the
quantitiesand typesof semi-volatilecompounds(if any)
identified by GC/M Swereessentidly equivdent between
the SonicPin extract samplestested before/after appli-
cation of ultrasonic energy from the SonicFusion hand-
piece. The GC/M S anaysi sdetected no semi-volatile
compoundsinthe purified water or hexaneextractswith
aconcentration grester than theminimum detection limit
of 2 ppm. Evaluation of themethanol extract however
produced eight (8) compounds or functional organic
branches, with an average estimated concentration rang-
ing from4 - 18 ppm. The compoundsidentified inthe
methanol extractionsof the SonicPin appear to beside
branches or other fragmentswhich have brokenfrom
the origina polylactide chain that makes up the
RESOMER materid. Thisdegradation of the polymer
into smdler fragmentsissimilar to thenormal dow hy-
drolysisof thepolylactidethat occursinthebody asthe
SonicPinimplant deviceisabsorbed by thebony tissues.

The 3,6-dimethyl-I,4-dioxane-2,5-dione com-
pound (C,H,0,, m.w. of 144) identified by GC/MSis
simply theformal chemical namefor theD, L-lactide
molecule. Recall that the RESOMER LR 706 Spoly-
mer is essentially along chain of repeating lactide
molecules. Therefore, itiscertainly plausiblethat ex-
traction in an aggressive solvent like methanol would
cause one of theselactide moleculesto separate and
be identified as a degradation compound. The 2-
methyl propyl-hydrazine compound (C,H_,N_, m.w. of
88) identified by the GC/M S softwareislikely inac-
curate, sincethereare no nitrogen atomsavailablein
the polylactide RESOMER material or in methanol to
producethis particular compound. The compoundis
morelikely alactide fragment (C,H,O,, m.w. of 88)
that has been separated from the polylactide chain,
similar to the other unidentified organic compounds.
Thus, thereisno toxicologica concernfor small or-
ganic compounds comprised of oxygen and carbon
atoms sincethey are efficiently removed by the body
through normal physiological processes.

—== Pyl Papasr

The PW, MeOH, and HX extractionswere next
characterized by high-performanceliquid chromatog-
raphy (HPLC). HPLC is avery sensitive analytical
method used to separate and quantitate non-volatileor
thermaly fragile compounds. Liquid chromatography
can typically capture morethan 80% of al known or-
ganic compoundsthat could elutefrom polymeric ma
terials. Stock solutions of three standards (Tinuvin B,
BHT, and Irganox 1010) were prepared and diluted to
concentrationsof 1, 5, and 10 ppm to establish acon-
centration curvefor referenceagaing any unknowniden-
tified compounds.

TABLE 4: Changesbeforeand after ultrasound application

Estimated
change
M olecular
lons

Extract
Retention
Time
Concentration

-22%
-17%
-23%
N/A

1.3min 82, 144, 179, 197, 216, 328
Not detected
99, 104, 145, 164, 193, 265, 323

No Compounts

H.O .
1.6 min

Methanol 1.4 min.

Hexane N/A

TheLCIM Sanaysisdid not detect any significant
levelsof BHT, Tinuvin Por Irganox 1010 greater than
2 ppminany of the SonicPin extracts. Although afew
additional peakswere observed inthe chromatograms
of the purified water extracts, no compounds of any
significancewere detected (maximum of 3.6 ppm) so
that the changes before/after ultrasound also do not
containinformativevaue. Judging by themolecularion
data, the compound observed & 1.3 minutesinthewater
extractislikely just fragmentsof the polylactide mate-
rid that isused to manufacturethe SonicPin. Likewise,
the hexanetest extracts of both SonicPin configura-
tions produced no significant degradation compounds,
which corrdateswell totheNVR datafor hexane. The
spectrometric datafor the methanol extractsal so pro-
duced similar data between the two samples. A com-
pound of moderate concentration was observed at a
retentiontime of 1.4 minutesin each sampleextract.
Although the compound cannot be readily identified
solely from themolecular ion data, the analytical test
methodsprevioudy discussed (NVR and GC/MS) have
confirmed that the RESOMER polylactideisdightly
solublein methanol and producesresidud quantitiesof

ey, Research & Reolews On

Polymer



20 Chemical characterization and degradation behavior of a polylactide surgical implant

RRPL, 2(1) 2011

Full Paper ===

lactide compoundsand rel ated fragments. Therefore,
based on the combined spectroscopic data, the com-
pound or compounds at 1.4 minutesin the methanol
extractsarelikdy just inert polyl actide degradation com-
pounds. Regardlessof theactua chemical structure of
these compounds, thelow concentrations noted inthe
chromatogram (1.5 - 15.1 ppm), dongwith thelikely
compositiona makeup of thecompounds (oxygen, car-
bon, and hydrogen are d ementsindigenousto the hu-
man body), result inaminimal to non-existent likeli-
hood that the non-volatile moleculesidentifiedinthe
SonicPin extractscould elicit any sort of toxic effect to
prospective patientsduring use. Thedegradation com-
pounds detected in each extract solvent were consis-
tent between the pre- and post-ultrasonictest samples,
based on the retention times and molecul ar ion data.
Thisindicatesthat the gpplication of ultrasonic energy
from the SonicFusion handpieceto the SonicPin does
not alter the anticipated degradation characteristics of
theRESOMER LR 706S polylactidematerid and there-
fore has no effect on the bioabsorbabl e properties of
thedeviceafter implantation.

DISCUSSION

According to ISO-14971 consensus standard, in
order to estimate toxicol ogical risksassociatedwitha
medical deviceor itsmaterialsof manufacture, four
major factors should betaken into account(*?.

e Thephysical and chemical characteristicsof the
devicemaerids

e Higtorical clinica useor human exposuredatain-
volvingthedevicematerids

e Biological safety dataor toxicology onthedevice
or component materids

e Integrity and diligence of test methods conducted
ondevicematerias

Evduation of the chemical natureof thematerials
cantaketheform of experimental dataand/or informa:
tiononthechemica inertnessof themateriasinvolved.
Information characterizing thechemicd identity and bio-
logical response of materialsisuseful in assessing a
medical devicefor itsintended useinthe patient. Fac-
torswhich affect the biocompatibility of thematerias
includetheidentity, concentration, avail ability and tox-
icity of all congtituents such asadditivesor processing

fluids. Evaluation of substancesthat aredetermined to
leach from devicematerid sin test extractscan provide
vauableinformation about the amount and classifica-
tion of the chemicasthat could potentialy be exposed
to apatient from apermanent implant. Chemical char-
acterization establishesabasdinefingerprint of thema:
terial in simulated in vivo conditions and is often an
excellent forecasting tool for device biocompatibility.
Theamount of datarequired onthedevicematerias
and the depth of investigation isdependent upon the
intended use of the device and duration of patient con-
tact. Theexpected long-term exposure (gpproximately
2-3 years) of the Stryker Osteosynthesis SonicPinto
the boneand surrounding tissueisasignificant factor
when assessing theoveral toxicological risk of thede-
vice. A review of 1SO 10993-1 outlined the
biocompatibility test requirementsfor the SonicPinde-
viceand theprinciplesgoverning thebiologica eva ua-
tion of medicd devices, inparticular thenon-clinicd test-
ing. Thedow degradation of theimplant categorizesthe
device as apermanent tissue/bone contacting device.
Based on these criteria of expected use and guidance
provided by SO 10993-1, thefollowing biocompatibility
testingisrecommended: Cytotoxicity, intracutaneousir-
ritation, sensitization, implantation effects, acute/
subchronic/chronic systemictoxicity, and genotoxicity.
However, additiond guidanceinthelSO 10993-1 san-
dard alowsfor the principles of risk assessment to be
gopliedtomedicd devicesinlieuof biocompaibility test-
ing. Clause 3.5 of this|SO standard states:
All potential biological hazards should be con-
sidered for every material and final product, but
this does not imply that testing for all potential
hazardswill be necessary or practical. Clause 6
of 1SO 10993-1 specifies: The evaluation may
include both a study of relevant experience and
actual testing. Thisevaluation may result in the
conclusion that no testing is needed if the mate-
rial hasdemonstrable history of (clinical) usein
a specified role that is equivalent to that of the
device proposed.
The biocompatibility of the SonicPin hasbeen assessed
internally by Stryker Osteosynthesisusing arisk as-
sessment methodol ogy that eval uated the biological
safety of the component materials (RESOMER LR
706S Poly(L-lactide-co-D, L-lactide) 70:30and D& C
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BlueNo.6 color additive- Indigo Blue). Asprevioudy
discussed, the SonicPin consists of about 99.96%
polylactideresin supplied by Boehringer Ingelheim un-
der thetradename RESOMER® LR 706S. Boehringer
Ingelheim has performed extensive pre-clinical
biocompatibility testing that meetstherigorousrequire-
ments of 1SO 10993-1. Theremaining 0.04% of the
SonicPiniscomprised of abluecolorant, D& C Blue
No. 6. Thiscolor additiveiscleared under 21 CFR 74
subpart D, sec. 3106 for use asan additivein absorb-
ablemedical deviceslikethe SonicPin upto anamount
of 0.25% (w/w). Stryker Osteosynthesis hasalso de-
termined that compounding the SonicRinwith D& C blue
color additiveshas no impact on the biocompatibility
or mechanical integrity of the finished device. The
SonicPin wastested for cytotoxicity accordingto the
elution method of 1SO 10993-5 and showed no evi-
denceof cdl lysisor celular toxicity (grade0). Anim-
plantation study in rabbitseva uated thehistologicd lo-
cal tissuereaction of SonicPinsimplanted using the
SonicFusion ultrasound insertion technique which ef-
fectively metsthetip of thedeviceduringimplantation.
Twenty-aght (28) animaswereemployed, withthestes
examined microscopicaly for sgnsof inflammation or
other adversetissuereaction after 5 daysand 4 weeks.
The study concluded that the SonicFusion technique
used toimplant theresorbabl e pinsinto therabbit bone
demonstrated an acceptablelocalized tissuereaction
after 5 days and 4 weeks. The ultrasonic energy ap-
pliedtothe SonicPinto melt thetip of thedeviceduring
the surgical procedure had no adverse effect on the
bone or tissueat theimplantation site*3. The SonicPin
would be expected to beclinically safe and provide
benefit for thetreatment and fixation of bonefractures,
osteotomies, or bone grafts.

CONCLUSON

Theleachabledataafter extraction of the SonicPin
(beforeand after ultrasonic gpplication) in 3 different
solventsreved ed changesof thetota extractables(NR)
of -15,4% in purified water, - 5,4% in Methanol and
no measurable changein Hexane extraction solvent.
However, theresidue quantitieswere still below the
current USPlimit for polymeric materias. Further anay-
sisof the SonicPin extractsby IR, GC/MS, and LC/

—== Fyl| Paper

M Salsofound very similar leachable substancesfrom
thetwo SonicPintest samples. Theinfrared spectraiden-
tified only polylactidein those extractsthat could be
andyzed by theinstrument, whichisconsistent withthe
RESOMER LR 706S polymer used to fabricate the
SonicPin. Theonly degradation compoundsidentified
by GC/MS and LC/MS in the test extracts were
polylactideor chemical fragmentsof polylactide. The
degradation compounds detected in each extract sol-
vent were consi stent between the pre- and post-ultra-
sonic test sampl es, based on the retention timesand
molecular weight data. Therewas noindication of the
blue colorant or any other foreign substanceleaching
from the SonicPin samplesin any of thetest extracts.
Theanalytica datareviewed demonstrate with assur-
ancethat the ultrasonic energy used to melt thetip of
the SonicPin during the surgical procedure does not
alter the anticipated degradation characteristics of the
RESOMER LR 706S polylactide material and there-
fore has no effect on the bioabsorbabl e properties of
thedeviceafter implantation. Thepolylactide materid
evauated inthisstudy isessentialy unchanged after the
application of ultrasonic energy and would be expected
todicit no adversetoxicological effectsgiventhein-
tended use of the SonicPinimplant device. The evi-
dencegathered from literatureand testing suggeststhat
any potentia toxicologicd risk to the patientisnot am-
plified by the application of ultrasonic energy to melt
thetip of the device. Thismethod of risk assessment
therefore providespredictiveevidence of materia safety
giventheintended use of the SonicPinimplant and as-
sociated SonicFusion technol ogy.
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