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Abstract Final Design

Osteochondral allograft (OCA) transplantation repairs osteochondral e Chondrocyte viability tests showed a reduction in cell death

defects resulting from traumatic, and 1idiopathic developmental for the threading method compared to impaction.
etiologies by introducing a cadaveric allograft with viable hyaline o One-tailed paired t-test; n = 5; p = 0.0098.

cartilage and subchondral bpne. OCA transplantation IS typlcally e No significant difference between threaded and control
performed on a young, athletic cohort for whom other cartilage repair viabilities

techniques are incompatible with their lifestyle demands. A key step G il - eorit , hich  desnite th
e (Gross cartilage i1ntegrity remains hig espite e

underpinning all OCA transplantation procedures is impaction of the HEE Hgh | |
allograft into the patient. Counterproductively, impaction activates chondrocyte death within 400 um of the tine insertion site.
e Sources of Error:

necrotic pathways, leading to chondrocyte death. Viable chondrocytes
promote host integration while maintaining long-term graft integrity and o Could not rigorously quantify impaction forces to ensure
that they fell within a clinically relevant range.

biomechanical function, all of which determine OCA procedure success. To

address the deleterious effect of impaction on chondrocyte viability, this o Use iuvenile norcine tissue which was much softer than
novel OCA transplant system aims to minimize interaction with the allograft Sub];hondral J p .
cartilage by creating a screw-in graft. Simulated OCA transplantations in one the bone used in human OCA transplantations.
fresh porcine tissue compared the efficacy of our graft threading system to Flltlll‘ e W Ol‘k
the current 1mpaction technique and revealed a significantly higher
chondrocyte viability with threadin < 0.01; n = 5) which would suggest : :
better lon}é-term pati};nt Sutcomes e ) = e Address the 1ssue of allograft cartilage geometry
. Figure 2: Solidworks Prototype Rendering. Figure 3: Solidworks rendering of graft Figure 4: Flowchart of allograft threading and tapping procedure. Following pin fixation of the bone graft ali gnment with native tissue.
- - The bone graft is fixed in supporting cup. The  screwdriver used to insert the allograft into the  within the supporting cup (A), the die inserted into the guiding platform is used to create external threads in . . . . .
MOtlvatlon and BaCkground guiding platform ensures axial alignment  recipient site of the patient. the donor tissue (B). The tap slides over the recipient site guidewire (C) ensuring (perpendicular tapping of O Requlres tralnlng in the OCA transplantatlon procedure

e Back d betw.een the graft and die to produce the hole) and is used to create .internal thr§aF13 in j[he recipie.nt.sit? (D). The .bone graft. 1s t}.len cut to a desired to accurately match the D atient geometry.

aCKgroun consistent, accurate threads. depth, and manually screwed into the recipient site (E) until it sits flush with the native tissue (F). All scale . . . . .

bars are 16 mm. e Perform testing on tissue that is consistent with the

o Osteochondral Detfects

m Traumatic and developmental etiologies prevail. Testing Methods & Materials materla.l propertle.s of hpman bone.
m Typically 10-25 mm in diameter. O Por.cme bone tlossue. 1s less d;nse than the bone
m Devastating to quality of life. [1] Materials ) typ.lcally used 1n thl.S operation. |
o OCA Transplant Procedure 1. 5 fresh porcine knees (3-4 months old) harvested 3. Obtain cartilage biopsies for imaging © Usmg denser bone in te.stlng allows for more precise
m Guidewire 1s 1inserted over the defect to guide 4 hours after death. (non-grafted control, impacted, gross cu.ttmg of the threads w1th0}1t tear-().ut ot the bone.
reamer-removal of afflicted tissue. 2. Osteochondral allograft surgical instrument threaded, tine-threaded). ¢ Obtaln.ac.cess to the commercrc.llly avalolable QATS or
m A hole-saw cuts the donor graft from cadaver tissue. analogs and prototype tools. 4. Stain biopsies 1in Calcein-AM and other snpllar QCA transplantatlc?n surgical kit to ensure
m The allograft is impacted into the recipient site. [1] 3. DMEM cell media to nourish cartilage biopsies. EthD-1 with DMEM and PBS for 18 tl}at .the impaction method used n §urg§ry does
o Effect of Impaction on Chondrocyte Viability 4. PBS to clean the graft and receiving hole. hours before imaging significantly reduce chondrocyte viability.
m Impaction activates apoptosis pathways. [2] 5. Calcem-AM  and  Ethidium  Homodimer-1 | 5. Imaged using A1RS confocal =
m Viable chondrocytes promote host integration (Live/dead cell stain) microscope at the UW-Optical Imaging
® Low wiability correlates with mcreased fatlure Methods core. : Figure Sih‘re;adi gide with bone [1] S. L. Sherman, J. Garrity, K. Bauer, J. Cook, J. Stannard, and W. Bugbee,
rates 1. Incubate the fresh knees at 37°C until testing. 6. Samples 1maged 100 pm from cut graft and .holding cup. The bone graft is “Fresh Osteochondrgl Allograft Transplantation for the Knee: Current Concepts,”
| ; he simulated surcical nrocedures (both surfac§ with FITC and TRITC screwefd intf) the cup to secure it. Foi Jouiinal of the American Academy of Orthopaedic Surgeons, vol. 22, no. 2, pp.
Figure 1: Arthrex Osteochondral 2. PGI‘ OI‘I.Il the simu at.e g p ( excitation Wave]engths, threading with the die, which 1s guided 121-133 ,.Fe.b. 2014. | .
fmpastion rod weed to st the allogref mpaction and threading). 7. Chondrocyte viability assessed with ~ PY the hole inthe plate above the grafl. (0 G o man osteochondral grafts. ) Bone Joint Surg A
flush with the native tissue (A). Graft custom CellProfiler pipeline. 2006;88-A(9):1934-1943.
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e Project Motivation
o Increasingly popular procedure [4]
m Projected 3500 cases performed annually by 2020
and increasing by 5% annually.
o 18% failure rate dependent on defect etiology [3]
o Current impaction method limits chondrocyte viability
m Chondrocyte viability >70% linked to procedure
success [0] 30% |
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Figure 7: Cross sections of graft cartilage biopsy collected with confocal microscopy (Nikon AIRs

Dashed line indicates the necessary chondrocyte viability
threshold associated with successful procedure outcomes [6].
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