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Abstract:

Purpose: To determine if (1) Human L-PRP or (2)RFRielivered on a HA scaffold at a bovine
chondral defect, a simulated cartilage tear intgesfien vitro would improve tissue formation
based on biomechanical, histological, and biochahmezasures.

Methods: L-PRF and L-PRP was prepared from 3 hgathunteer donors which was delivered
in conjunction with Hyaluronic acid (HA scaffold®) defects created in full thickness bovine
cartilage plugs harvested from bovine femoral cémdyd trochlea. Specimens were cultured in
vitro for up to 42 days. Treatment groups includedHA scaffold alone and scaffolds containing
L-PRF or L-PRP. Cartilage repair was assessed Usiomgechanical testing, histology, DNA
guantification, and measurement of sulfated glyoosaglycan (SGAG) and collagen content at
28 and 42 days.

Results1 -PRF elicited the greatest degree of defect fillamd improvement in other

histological measures. L-PRF treated specimenshalddhe greatest cellularity when compared
to L-PRP and control at day 28 (560.4 vs. 191.4124.2, p=00.15); at day 48 there remains a
difference though not significant between L-PRRMBRP, (761.1 vs 589.3, p=0.219) . L-PRF
had greater collagen deposition when comparedR&P-at day 42 (40.1 vs 16.3, p< 0.0001). L-
PRF had significantly higher maximum interfaciaksgth compared to the control at day 42
(10.92 N vs 0.66 N, p=0.015), but had no signiftadifference compared to L-PRP (10.92 N vs
6.58, p=0.536). L-PRP facilitated a greater ama@fisGAG production at day 42 when
compared to L-PRF (15.9 vs. 4.3, p=0.009).

ConclusionsDelivery of leukocyte rich platelet concentrates@mjunction with a HA scaffold

may allow for improvements in cartilage healingotigh different pathways. L-PRF was not
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superior to L-PRP in its biomechanical strengthgesting that both treatments may be effective

in improving biomechanical strength of healing tage through different pathways.

Statement of Clinical Relevance: The delivery @telet-rich concentrates in conjunction HA

scaffolds may augment healing cartilaginous ingirie

Keywords: cartilagerepair, PRP, leukocyte-rich platelet-rich fibrin, leukocyterich

platelet enriched concentrates

Introduction

Focal cartilage defects may be caused by sportsyinfrauma, and other activities of daily
living'. As cartilage has limited capacity for intrinsiepair, such defects often further
degenerate, progressing into osteoarthritis witko@ated symptoms of pain, swelling, and
stiffnes$. There are few effective treatments for articutartilage injuries. Previous efforts
have used cell-based therapies (autologous choytéronplantation, matrix-induced autologous
chondrocyte implantation, bone marrow and adipase~dd stem cells), microfracture, and
cytokines to promote cartilage repair; however,s¢haattempts have not achieved ideal
osteochondral defect repair with regeneration ofrphologically similar hyaline cartilage
tissué.Autologous chondrocyte implantation as well asriranduced autologous chondrocyte
implementation has been shown improved clinicatouies, however its cost is high, and the
procedure to obtain the cartilage pieces is ine@éivThese cells can produce hyaline cartilage,
however, this procedure is also associated withfahmation of fibrocartilage, which typically

occurs secondary to de-differentiation of chondresyduring cell expansion after harvest
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Mesenchymal stem cells harvested from bone marraadipose tissue have been shown to give
rise to a mixture of hypertrophic, cartilaginousddibrous tissues and can lead to loss of tissue
in the long ruf®. Microfracturing has been shown to significantigprove the symptoms of
patients and is thought to bring about the recremihof mesenchymal stem cells, it is only
effective for small defects and has been showmtp lmave a short-term functional improvement

due to the formation of fibrocartilage rather thyaline articular cartilage.

The use of scaffolds is promising as a viable salgiption in cartilage repaif. Scaffolds can
augment cell migration from the surrounding tisssinulate cell proliferation, and aid in
maintenance of cell phenotype in order to faciitaegeneration of functional tissife
Specifically, hyaluronic acid (HA) scaffolds maacflitate cellular migration by providing both
biochemical and biophysical cues improving articakrtilage repair'®. HA scaffolds have been
shown to increase early-stage gene expression ¥f%and collagen type Il as well as cartilage
matrix production. Although HA has been found to be useful in redggdain and symptoms
and recovering articular function, Kon et al. foutidht autologous platelet rich concentrates
showed more and longer efficacy than HA, suggedtiag using HA scaffold alone may have

limited therapeutic effect$

Platelet-rich concentrates have been proposedpmive healing of different tissues due to their
abundance of growth factors and cytokines. Platatbt plasma (PRP) and platelet-rich fibrin
(PRF) have both been shown to promote the repaartafular cartilage defedt$'* PRP is a

concentrate of platelet-rich plasma derived fronoletblood, centrifuged to reduce the number
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of red blood cells in a liquid form, whereas PREasnposed of autologous platelets which are

present in a complex stable fibrin matrix (gel-ld@nsistency).

There is significant variability in the methods mieparation and composition of platelet-rich
concentrates™’. Previous studies that have evaluated platelbt-cioncentrates have used a
variety of protocols for preparation of plateletfriconcentrates with variation in initial blood
volume, velocity and time of centrifugation, numlzércentrifugation cycles, and inclusion or
exclusion of leukocytes, which can alter the effattissue repair by changing its composition
Specifically, platelet-rich concentrates with difat compositions have different contents of
growth factors and numerous other plasma protestéch may alter its efficacy?® The
optimal preparation method of platelet-rich concatets has not yet been identified, and will
likely differ for various tissues and pathologiesukocyte-platelet-rich concentrates have been
shown to contain higher levels of growth factorsd arytokines, as well as inflammatory
cytokines that may have a catabolic effect, alvbfch is currently thought to be related to the
presence of leukocyt®s Number of centrifugations of the whole blood hesn found to alter
the cytokine and growth factors release as wethasiumber of platelets, which has been found
to be higher in double spin protocols to prepard@®PK. Leuckocyte-platelet-rich plasma (L-
PRP) have not been found to be effective in stitmdaproliferation of new cartilage tisstié®

It is not currently clear if L-PRF can consistenthglease growth factors given its
microstructuré. Current literature is inconclusive as to the igbibf L-PRP and L-PRF to

improve cartilage integratih



114  Both intraarticular injections of platelet rich c@mtrates and hyaluronic acid have been found
115 independently to improve knee functional status symdptoms over time, however evidence of
116 the superiority of one treatment over another remaiixed’*° The combination of these two
117 therapies (platelet-rich concentrates and HA stddjmay allow for optimized cytokine delivery
118 of the platelet concentrates and promote tissuenegtion by allowing cells to migrate into the
119 scaffold, adhere, and produce new matrix to fil ttefect. However, minimal research has been
120 performed to investigate the use of scaffold matein combination with platelet-rich

121 concentrates to enhance cell migration. Theretbeepurpose of this study is to determine if (1)
122 Human L-PRP or (2) L-PRF delivered on a HA scaffaié bovine chondral defect, a simulated
123 cartilage tear interfacén vitro would improve tissue formation based on biomechanic

124  histological, and biochemical measures. We hypakdghat the use of L-PRP and L-PRF in
125 conjunction with an HA scaffold will improve biomeanical strength, improve cellular

126 migration, have increased sulfated glycosaminoglyfs&AG), and have increased collagen
127 content when compared to an HA scaffold alone.

128

129

130 Materialsand Methods

131 Preparation of the Cartilage Plugs:

132 The explant model used in this study has previobseBn used to evaluate cartilage repair,
133  scaffold integration, and cartilage interface depetentin vitro®". Three operators performed
134 the specimen preparations. 24 full-thickness ostedral plugs were harvested from a bovine
135 femoral condyle and trochlea in a sterile mannargua 7mm diameter osteochondral graft

136 harvester (single use OATS set 7mm, Arthrex, NaptE2JSA). The diameter of these plugs
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were 7mm and thickness was 2.5mm. Osteochondrgs phere kept in Advanced DMEM
(ADMEM)/F12 with 100nM dexamethasone, 5@/mL ascorbate-2-phosphate, and
penicillin/streptomycin (Life Technologies, Carlsh&A) within 5% CQ and air-humidified
incubator at 37 degrees Celsius for 6 hours. Thengwthen washed briefly using phosphate-
buffered saline and antibiotics — (penicillin/sti@pycin, Life Technologies, Carlsbad, CA). A
5.5mm diameter biopsy punch was used to create@lai defect through the center of the
explant (the defect had a diameter 5.5mm and éndg®.5mm) to allow for a press fit of a
6mm diameter scaffold with a thickness of 2.5mnt@thwithin the cordrigure 1, Figure 2A,

Figure 2B).

Preparation of HA Scaffolds:

HA scaffolds (Hyalofast, USA) were used for thisdst. The scaffolds were punched out using
sterile 6 mm biopsy punches (McKesson, San Framcld8A). The size of the scaffolds was 0.5
mm larger than the diameter of the cartilage defeetllow for a press-fit. The thickness of the

scaffold was the same as the plug, 2.5mm.

Groups and Timepoints:

Eight specimens were used at each time point ih gasup: Six for biomechanical testing of
interface strength and biochemical analysis of DNAllagen, and sGAG content, and two
specimens used for histology (total number of spens: 24). The specimen test and timepoint
allocation was determined at the time of prepamatid@he specimens used for biomechanical
testing were processed for biochemical evaluatfter he biomechanical testing was complete.

Biochemical testing was done on specimens from @®yand 42 as we expected the largest
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differences between groups at these time points.€khly (28 day) time-point was chosen based
on prior studies indicating that improvements indiional properties can be seen as early as 28
day<®. The later time point was selected as we expetie to be greater differences between

groups over time.

Blood Collection:

L-PRP and L-PRF was produced from blood samples tfoee fasting healthy male human
donors after they provided informed consent (avege: 34.6, range: 27-39). In each subject a
total of 37mL of peripheral venous blood was cdbedn order to prepare the two platelet
concentrates. From these 37mL of whole blood, Iwak used to measure platelet- and
leukocyte-counts with a cell counter Sysmex KX-28Yysmex-Suisse AG, Horgen,
Switzerland). Of the addition 36 mL, 27 mL of tHedx was collected in a 30-mL syringe
containing 3 mL of ACD-A to prepare the L-PRP anchl® was collected in 10-mL glass-coated
to prepare the L-PRF. In the whole blood specitheraverage number of platelets was 188.3 x
10%cells/ pL (+ 19 x 18cells/ pL) ; and the average number of leukocytas %9 x 18ells/ pL

(+ 0.5 x 1Gcells/ uL). This protocol was approved by theitngibnal Review Board.

L-PRP Preparation:

Given that previous literature supports that dowaletrifugation results in a greater number of
platelets and growth factor release we opted tayseviously described double-centrifugation
method®?>%4 27 mL of the blood was collected in a 30-mL sgdrcontaining 3 mL of ACD-A.
The blood was separated into its different celingats by centrifugation at 160 G for 20 minutes

at room temperature (Beckman J-6M Induction Driea@ifuge, Beckman Instruments Inc.,
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Palo Alto, CA, USA). This resulted into three bastenponents: an upper layer referred to as the
supernatant that contains most platelets, an i@iate thin layer that is known as the buffy coat
which is rich in white blood cells and some platgland a bottom layer that contains all the red
blood cells. A mark was made 6mm below the lirsg #eparated the red blood cell component
from the buffy coat and the serum component. Alihef content above this mark was removed

in order to increase the total amount of platatetiected after the second centrifugation. The
sample was then centrifuged again at 400 G for ibbit@s resulting in two components: the
supernatant containing the serum, buffy coat caimgithe platelets and the leukocytes. The L-
PRP (approximately 2.7 ml) was separated out. 9f 00 uL was taken to measure platelet-
and leukocyte-counts with a cell counter Sysmex XN (Sysmex-Suisse AG, Horgen,

Switzerland).

L-PRF Preparation:

To prepare L-PRF, 9 mL of blood was collected irmnil0 glass-coated, plastic tubes
(Vacutainer; BD Biosciences, Allschwil, Switzerlgndising a similar protocol performed by
Schar et al., immediately after collection the blewas centrifuged at 400 x g for 12 minutes at
room temperature using a table-top centrifuge $ipally designed for this application (EBA 20;
Andreas Hettich GmbH & Co KG, Tuttlingen, GermaiyThe L-PRF was then allowed to
congeal on a sterilized custom draining systemveasicored using a 6 mm biopsy punch,

ensuring a consistent volume for each specirkégu(e 2C).

Preparation of Test Groups:




205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

The following groups were tested: (1) control groupere only a HA scaffold was applied
(Figure 2D), (2) L-PRP with HA scaffoldKigure 2E), (3) L-PRF with HA scaffold Kigure
2F). In the L-PRP groups, the scaffold was soaked faninutes, a time used by previous studies
to ensure that PRP had been completely soaked thelscaffold, in 100ul of undiluted PRP at
day O prior to being placed into the defect in ¢todture plate¥* (Figure 2E). In the L-PRF
groups, a 6mm biopsy punch of the L-PRF was cdyefayered around the scaffold and then
placed within a bovine cartilage defect in Cornpigtes taking care to ensure that the scaffold
now layered with L-PRF had the same thickness efdéfect of 2.5mm(Corning Inc, Corning,
NY). There were 8 specimens per plate with a wt& plates per timepoint; specimens cultured
on the same plate were in the same treatment gagh dish was then filled with 30ml of
media. Therefore, the initial PRP concentration @%s (amount of PRP/total media volume in
the dish). In the control group, only a HA scaffolds placed in the defect. Scaffold—cartilage
constructs were cultured in individually wells ialttire media the consisted of 8L Advanced
DMEM (ADMEM)/F12 with 100nM dexamethasone, D@/mL ascorbate-2-phosphate, and
penicillin/streptomycin (Life Technologies, CarlshaCA) within 5% CQ and air-humidified
incubator at 37 degrees Celsius. Media was chargedy three days by replacing half of the
media in the culture dishes for 28 days and 42 ,dagpectively. The primary outcome measure
was interface strength assessed by a pushout Thst.secondary outcome measurements
included scaffold DNA content (picogreen assayjttogen, Carlsbad, CA), scaffold sulfated-
glycosaminoglycan (sGAG) content (DimethylmethyldBlae Assay described by Farndale et
al.)**, collagen content (hydroxyproline assay descripe&tegmann et af9) and histology. All

biochemical tests were performed on the tissue ddrat the scaffold-explant interface.

10
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Biomechanical Testing

The cartilage interface strength was determinedguagipush-out test. A 2.75-mm stainless steel
indenter applied load to the scaffold by advane@nh@Oum/s using a custom built compression
testing system previously described by Ng éf.aThe test was considered completed when there
was a consistent drop in force. The maximum loasl rgaorded and normalized to the

interfacial surface area for each sample to detegrttie maximum interfacial strength.

Biochemical Analysis

After biomechanical testing samples were digestguhpain for analysis of DNA, sGAG, and
collagen content. DNA content per specimen wasrogted using the dsDNA Picogreen Assay
(Molecular Probes, Eugene, OR). sGAG content weerséned using the 1,9-
dimethylmethylene blue dye binding assay with choftith-6 sulfate as a stand&fdDigested
aliquots were also hydrolyzed for 16 h'in 12 N H€L10°C, and the hydroxyproline (HP)
content was quantified via colorimetric reactionhnéhloramine T (Sigma-Aldrich, St Louis,
MO) and 4-Dimethylamino benzaldehyde (Sigma-AldyiShLouis, MO), against an HP

standard curvg.

Histological Analysis

Histological analysis was undertaken to evaluate dtaffold—cartilage interface. The explants
were fixed in neutral buffered formalin with 0.5%tglpyridinium chloride for 4 hours at room

temperature, washed briefly in phosphate-buffergihe (PBS) to remove residue formalin,
cryoprotected in a 30% sucrose solution %@ dvernight, incubated for 2 hours in 5% gelatin +

5% sucrose embedding medium, and then embeddddkeimelatin—sucrose medium. Blocks

11



251 were cut on a cryotome for histological analysisirdgérfacial SGAG deposition and cellular
252 infiltration using Safranin-O/Fast Green histolajicstain. Slides were reviewed at a
253 magnification of 10x. Consensus grading was donémoyevaluators in a blinded fashion, with
254  grading of surface regularity, cellularity, staiptake, and adherence/bonding of the scaffold to
255 adjacent cartilage.

256

257 Statistical Analysis

258 Two-way ANOVA was performed using Graphpad PRISKb&ware (GraphPad Software, Inc,
259 San Diego, CA, USA, 2015) to compare different ¢bods, with Tukey’s post-hoc testing to
260 identify differences between groups. Significan@swset at p <0.05.

261

262 Results:

263 Blood Collection:

264 The number of platelets within the L-PRP was 18814 cells/ uL, representing a 10-fold

265 increase from the original blood specimens collkctéhe average number of white blood cells
266 was 15.5 x 1fells/ pL, which was a 3.2 fold increase from thiginal blood specimens

267 collected. The hematocrit value was 36, which a/@s12 fold decrease from the original blood
268 specimen collected. We did not evaluate changeslinlar concentrations in L-PRF given its
269 gelatinous form.

270

271 Mechanical Strength of the Interface:

272  Following 42 days in culture, L-PRF demonstratedaximum interfacial strength was

273 significantly greater than the control (10.92N+9v&5 0.66N+0.35, p=0.015jgure 3, Table 1).

12
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L-PRF though did had higher mean interfacial sttermgmpared to that of L-PRP it was not
significantly different (10.92N + 9.25 vs. 6.58N@&87 , p=0.536). There were no significant
differences seen at day 28 between L-PRF, L-PRiPttencontrol (3.08N+1.23, 1.74N +1.07,
0.63N £0.29 p = 0.055) In all groups, the maximuaterfacial strength increased at each time

point, though not significantly.

Biochemical Analysis

The number of cells and thus DNA content of thestautts varied between groups and with
culture time Figure4). The L-PRF group had a significantly greater nemtif cells compared
to the L-PRP and control groups at both 28 (5664342.6, 124.29+65.8, 191.4g+44.6
p<0.001Table 1, Figure4) and 42 days (76 1utj+270.7, 589.8g+224.2, 296.4g+101.8, p<
0.01,Figure4, Table 1). Across all groups the DNA content increased ketwdays 28 and 42,
however only the L-PRP group had a significanteéase (12429+65.8.g vs.

589.31g+224.2:g9, p=0.0004Figure 4, Table 1).

Across groups, the total SGAG production incredsma day 28 to day 4Z{gureb, Table 1).
L-PRP had larger total SGAG production compareldRRF at 28 and 42 days, but only had a
significantly greater amount at day 42 (g3 11.5 vs 11.69+7.2, p=0.0095Figure5, Table

1).

Hydroxyproline assay demonstrated significantlyagge collagen content in the L-PRF group

compared to the control group on day 28 (Bf#5.3 vs. 17.6g+ 7.5, p=0.017Figure 6, Table

1) , but not to the L-PRP treatment group on day2&1g+5.3 vs. 21.g+10.2, p=0.092,

13
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Figure6, Table 1). On day 42 there was a significant differenceveen L-PRF and the control
group (40.119+9.7 vs. 16.8g+ ng, 20.419+6.8 vs. p=0.00065igure 6, Table 1). There was no
significant difference observed between L-PRP &edcbntrol group at either timepoint
(21.2ug+10.2 vs. 17.69+7.5ug, p=0.723, 16439+7.6 vs. 20.49+6.8, p=0.659Figure 6, Table

1).

Histological evaluation:

Most specimens had at least some positive stafbingroteoglycans. In all groups the Safranin-
O staining increased from day 28 to day 42, sugggsicreased cellular infiltration and
increased proteoglycan synthesis as demonstratdtebgtensity of the stainingrigure 7). All

the specimens started to form disorganized caetilikg tissue at the edge with ECM deposition
with more apparent cellular integration and extiata matrix deposition at the edges of the
construct in the L-PRP and L-PRF groups. At therface of the L-PRP group, lacuna
structures, typical of cartilage, are observedhatinterface. There was more intense Safranin-O
staining in the L-PRF and L-PRP groups comparexbidrol on day 42. The L-PRP group had

the most intense staining of Safranin-O on day 42.

Discussion:

The two principal findings of our study are thaPRF elicited the greatest degree of cellularity,
collagen production, while L-PRP facilitated theapest amount of SGAG production. There
was no superiority observed in biomechanical sttebgtween the platelet concentrates utilized

in this study.

14



320 Animportant finding was that L-PRF had the gretatesnber of cells. The significant increase
321 inthe L-PRF group may be artificially elevated &ese of the presence of leukocytes in the
322 preparation compared to the control at both dagrtB42. However, there were quantitatively
323 more cells in the cartilage interface for L-PRF pamed to L- PRPHigure 4), which suggests
324 that it may promote cell migration and/or proliféoa to a greater extent than L-PRP. The

325 gelatinous nature of L-PRF may allow for sustaireddase of growth factors over a greater

326 period of time when compared to L-PRP and the cbrf@®RF has been previously been shown
327 to more gradually release growths factors espgdiatomparison to PRP* Schar et al.

328 specifically found that more TGF-31 and VEGF wdsased from L-PRF compared with L-

329 PRP. The release of TGF-31 was bimodal in natulgeaked at 8 hours and 7 days, while L-
330 PRF had a single higher peak at 7 days. VEGF releam L-PRP peaked at 8 hours and 3 days
331 in contrast with L-PRF in which it peaked at 7 ddyFhis sustained release may also offset the
332  known catabolic response cells have in responkritmcyte-rich platelet concentratéas there
333 is clearly an increase in cell number in the L-RiRéup. This is supported by the fact that IL-1B,
334 which is known to play a role in inflammation andhoatrix degradation, has been shown to
335 have a more sustained concentration in L-PRP wherpared to L-PRE. Schér et al. also

336 found better migratiom vitro for MSC and endothelial cells in L-PRF compared-®RP>.

337  Further, even the preparation of PRP can alteexbent and duration of cytokine reledsand

338 as aresult, great care must be taken in ensurangroper protocol is used for L-PRP given the
339 significant variability in its preparation in thérgcal setting.

340

341 Interestingly, our findings demonstrated that L-R#Eited the greatest amount of SGAG

342 production. Kazemi et al. found that L-PRF and LPRIRmonstrated similar macroscopic and

15
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microscopic improvements in articular cartilagesi¢s$ in a dog mod&l However, it should be
noted that both centrifuge spin velocity and tinféeded between our study and theirs making it

difficult to truly make comparisons.

It is important to highlight that although L-PRFesged to have increased biomechanical
strength and collagen content, such improvements na seen in SGAG accumulation. Instead,
L-PRF had the lowest amount of SGAG accumulationgared to the control and L-PRP. This
may be secondary to the fact that L-PRP and L-P&€ase cytokines and growth factors at
different rates and amouft$>=¢ Histological analysis demonstrated that L-PRRt&e
specimens had more intense Safranin-O stainingyattd compared to the other two groups.
This finding was expected, as the production of &3#lps stimulate the production of
proteogylcan®. L-PRP appeared to successfully incorporate newfghesized sGAG into the
matrix in the L-PRP group, resulting in increastdrsng compared to the HA only group.
Further study is required to identify how thesdegdkt concentrates affect production and

incorporation of a proteoglycan-rich matrix.

The mechanism for the differences between groupstiknown. We hypothesize that the
differences relate to the kinetics of cytokine protibn and release. The fibrin matrix in the L-
PRF may entrap platelets and lead to differencésaikinetics of cytokine release. Schér et al.
have shown that growth factor release is diffebativeen L-PRF and L-PRP There may also
be differences in the platelet number and plateévation status between the different
preparations. There are also differences regattimgresence or absence of leukociites

Additionally, given that PRP has a liquid consistgrwith media changes there is more likely to
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be an incremental decrease in residual PRP coatiemtin the media. Further studies are

required to identify the underlying biological medisms for the observed differences.

Currently, while a number of strategies have beggssted, there has been no consistent
method for augmenting biological integration offéwld materials with host cartilage tissue. In
addition to stem cells and/or growth factors usqaeeimentally and clinically, several blood-
derived products are currently used in clinicakcpice for the treatment of articular cartilage
defects. The most well-known and commonly usedteelatelet-rich concentrates. They are
prepared by differential centrifugation of autologavhole blood and contain a higher
concentration of platelets compared with whole tldthere is an established minimum number
of required platelets (250,000) to ensure efficacRP by the FDX, however, the remains a
wide variety of protocols currently used to crealgelet-rich concentrates suggests that the
optimal protocol to promote repair and regeneratibcartilage and other tissues is not yet fully

known.

Limitations:

This study has a several limitations. We ugedtro analysis only for this study. In cell culture
cells are grown in artificial non-physiological abtions without mechanical stimulation,
limiting thein vivo relevance. Additionally, each group was co-culiungthin the same dish,
which may have allowed for additive effects of ailating growth factors or for individual
specimens to influence each other. We did not delgross analysis regarding the extent to
which the defect was filled in our study in thdtadlthe scaffolds remained fully present in the

defects as it takes at least 10 weeks for theadafto dissolve in cultufé In regards to our
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mechanical testing we only measured interfaciahsbrength, and we did not evaluate
additional mechanical properties of the new tigsee compressive modulus). When evaluating
cellularity via the picogreen assay, we did notcfElly investigate chondrocyte proliferation
and migration, both of which are important in ewaing healing cartilaginous tissue. We did not
determine the platelet or leukocyte count for L-PRFor studies have indirectly assessed the
PRF clot platelet count by subtracting the platetetnt in the residual serdfmAdditionally, the
choice of using a double centrifugation techniquepfeparing L-PRP can result in an extended
force on the platelets which could possibly alker microstructure of the platel&tsFinally, this
results of this study may be dampened by use ¢f botine and human derived factors and its
applicability, however, this methodology has beesvipusly uset®**and our study has
produced data consistent regarding the ability-8fRP and L-PRF to facilitate cartilage healing

via a scaffold.

Conclusions:

Delivery of leukocyte rich platelet concentratesamjunction with a HA scaffold may allow for
improvements in cartilage healing through diffeneathways. L-PRF was not superior to L-PRP
in its biomechanical strength suggesting that bi@atments may be effective in improving

biomechanical strength of healing cartilage throddferent pathways.
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18



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

Tableand FigureLegends:

Table 1. Analysis of Biomechanical and Biochemical DataBay 28 and Day 42; NS = not
significant

Figure 1: Invitro model of cartilage plug with scaffold +/- L-PRP/L-PRF

Figure 2: Photographs of the experimental specimens includihgsteochondral with punch
biopsy defect, B) hyaluronic acid scaffold puncls@) L-PRF after preparation prior to punch
biopsy, D) hyaluronic acid scaffold plug within tbefect of the osteochondral specimen, E)
hyaluronic acid scaffold plug saturated with PREhimi the defect of the osteochondral
specimen F) placement of a hyaluronic acid scaftld) with PRF layered on it within the
defect of the osteochondral specimen

Figure 3: Treatment with L-PRF and L-PRP led to improved mmam interfacial strength
compared to the control; At day 42 L-PRF demonestra maximum interfacial strength was
significantly greater than the control (P = 0.013F, <0 .05); Footnote: Two-way ANOVA was
performed with a significance set to P< 0.05

Figure 4. DNA content increased between days 28 and 42 gralps, with L-PRF having a
significantly larger increase at day 28 (P<0.001g day 42 (P<0.01); (*P < 0.05; **P <0 .01;
***P < ,0001); Footnote: Two-way ANOVA was perforghevith a significance set to P< 0.05
Figure5: Total SGAG production increased from day 28 to 42ywith L-PRP demonstrating
the greatest production, which a significant inseghcompared to L-PRF at day 42 (p=0.0095);
(**P <0 .01); Footnote: Two-way ANOVA was performadth a significance set to P< 0.05
Figure6: Collagen content was significantly higher in thRF group compared to both the
control and L-PRP groups on day 28 and day 42 (6F08; **P <0 .01); Footnote: Two-way

ANOVA was performed with a significance set to P&@3
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Figure7: Day 42 Safranin-O histological specimens at 10gioal magnification from Left to

Right: L-PRP, L-PRF, Control; All the specimengtad to form disorganized cartilage-like

tissue at the edge with ECM deposition with mongaaent cellular integration and extracellular

matrix deposition at the edges of the construthénL-PRP and L-PRF groups. L-PRP group

had the greatest amount of ECM deposition and leeliategration compared to L-PRF and the

control group.
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Day 28

Day 42

Comparison Group 1/ Group 1 Mean £SD / P-Value Group 1Mean = SD / P-Value
Comparison Group 2 Group 2 Mean + SD Group 2 Mean + SD

Interfacial Strength (N)

L-PRP/L-PRF 1.74+1.1/3.08+1.2 NS 6.58+10.9/10.9249.3 NS
L-PRP/HA Only 1.74+1.1/0.63 +0.3 NS 6.58+10.9/0.66+0.4 0.015
L-PRF/HA Only 3.08+1.2/0.63 +0.3 NS 10.9249.3/0.66+0.4 NS
DNA Content ( pug)

L-PRP/L-PRF 124.2+65.8/560.5+142.6 0.0002 589.3+224.2/761.1+270.7 NS
L-PRP/HA Only 124.2+65.8/191.4+44.6 NS 589.3+224.2/296.4+101.8 0.0125
L-PRF/HA Only 560.5+142.6/191.4+44.6 0.0015 761.1+270.7/296.4+101.8 <0.0001
SGAG (ug)

L-PRP/L-PRF 0.5+1.1/0.0+0.0 NS 16.0£11.5/4.347.2 NS
L-PRP/HA Only 0.5+1.1/2.1+2.5 NS 16.0+£11.5/9.7+7.1 NS
L-PRF/HA Only 0.040.0/2.1+2.5 NS 4.3+£7.2/9.747.1 0.0095
Collagen Content ( pug)

L-PRP/L-PRF 21.1410.2/31.245.3 NS 16.3+£7/40.1+9.7 <0.0001
L-PRP/HA Only 21.1410.2/17.6£ 7.5 NS 16.3+7/20.446.8 NS
L-PRF/HA Only 31.245.3/17.6+£ 7.5 NS 40.1+9.7/20.446.8 0.0006
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