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Abstract

Purpose: The primary objective of this study was to analifmetopographic matching
of oblong osteochondral allografts (OCAs) to trémige oval MFC lesions using
computer simulation models. The secondary objectias to determine whether LFC
grafts would have a similar surface matching whemgared with MFC grafts in this

setting.

Methods: Human femoral hemi-condyles (10 MFCs, 7 LFCs) uwdet
three-dimensional computed tomography (CT). Modetse created from CT images
and exported into point-cloud models. Donor-recipienatches with large condylar
width mismatch were excluded. The remaining specimere divided into three
donor-recipient groups with two defect sizes (1BDand 20x30mm): 20 MFC donor
(MFCd)-MFC recipient (MFCr), 27 ipsilateral LFC dwon(LFCd)-MFCr, and 26
contralateral LFCd—MFCr. Grafts were optimally uatly aligned with the MFCr
defect. Mismatch of the articular cartilage andchuimdral bone surfaces between the

graft and the defect and articular step-off welewated.

Results: MFCd grafts resulted in articular cartilage suefanismatch and peripheral
step- of less than 0.5mm for both defect sizes. sthihondral bone surface mismatch
was significantly greater than the articular cagé surface mismatch (P<.01) in both
defect sizes). Conversely, the ipsilateral and redaiteral LFCd grafts resulted in
significantly greater articular cartilage surfacésmmatch and step-off for both defect

sizes when compared to MFCd grafts (P<.01).
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Conclusion: Oblong MFC allografts provide acceptable topograpmatching for large
oval MFC lesions when condylar width differences arinimized. However, concern
exists in utilizing oblong LFC allografts for MFGfiécts, as this can result in increased

peripheral step-off and surface mismatch.

Clinical Relevance: This data reinforces the ability to utilize obloMfFC OCA for
treating oval cartilage lesions of the MFC whendydar width is considered. Although
other studies have demonstrated LFCs can be utiliadreat circular defects on the

MFC, this may not be true for oblong grafts.
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Introduction

Osteochondral allograft (OCA) transplantation hascdme a common
procedure to treat full thickness chondral and&ieochondral lesions: Over the last
few decades, OCA transplantation has proven toesstally restore the articular
cartilage surface and improve clinical outcomesThe surgical procedure, typically,
involves the use of press-fit circular allografeschuse of the relative ease in achieving
transplant fixation without supplemental internahfion. .7

Historically, large oval condylar defects have bdesated using multiple
dowels where multiple circular grafts are usediltadte lesion.Using multiple circular
grafts, however, has several inherent limitatiosisch as increasing the number of
interfaces that need to incorporate and/or achiepwor coverage of the lesion. Oblong
OCAs offer an alternative for larger osteochondealons, potentially eliminating the
need for multiple plugs in this settingdowever, topographic analysis is needed to
clarify whether oblong OCAs can provide adequatéicaar cartilage surface
topography and osseous matching for the treatméndarge oval femoral condyle
lesions?.10

Limited graft availability is a constant concern ewh using OCA
transplantation, especially for medial femoral cgad(MFC) lesions and the donor
condyle can be matched via laterality, condyle (@ledr lateral), and width of the
affected condylel® The matching process and limited tissue availgbiléads to
increased patient wait times and prolongs time veyimptoms. Although previous
studies reported that lateral femoral condyle (LE@fular OCAs provided similar
surface matching as MFCd OCAs for the treatmenMBfC lesions, the topographic

matching of oblong LFC grafts for large MFC lesiosamains uncleat-13
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The primary objective of this study was to analgfzetopographic matching of
oblong osteochondral allografts (OCASs) to treagjéaoval MFC lesions using computer
simulation models. The secondary objective wasterthine whether LFC grafts would
have a similar surface matching when compared MBC grafts in this setting. The
hypothesis of this study was that (1) oblong MFQdftg would provide acceptable
topographic matching with large MFC defects, andof#ong LFCd grafts would result

in greater mismatch with large MFC lesions than MFafts.
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Methods
Specimen Preparation

Seventeen distal fresh frozen femoral hemi-condyléth intact articular
cartilage surface (10 MFC (5 right and 5 left) ahd.FC (3 right and 4 left)) were
acquired from a donor tissue bank (AlloSource, @enZ0O). No two condyles came
from same the donor. Donor age and sex is notablail All specimens were evaluated
by single investigator (ABY). Condylar width was aseired using a digital micrometer
positioned 10 mm distal to the most superior aspéthe notch, which is the same
method used by donor tissue suppliers. Specimetislange condylar mismatch (> 5
mm difference or if the graft condylar width wasadler than the defect condylar width)
were excluded. Three groups were created withdhmining specimen based on virtual
donor-recipient combinations so that the condylatthwof the donor was greater than
that of the recipient: 20 MFC donor (MFCd) — MFQipent (MFCr), 27 ipsilateral

LFC donor (LFCd) — MFCr, and 26 contralateral LFEMFCr (Figure 1).

3D CT Computer Model Creation of the Distal Femoral Articular Surfaces
Specimen were completely thawed and then undere@mputed tomography
(CT) (BrightSpeed, GE Healthcare, Wauwatosa, WBgmg in the coronal, axial, and
sagittal planes by use of 0.625-mm continuous sl{@¢20 kV, 100 mA, 1.0-mmsecond
duration, 20-cm field of view, 512 x 512 matriceBhree dimensional (3D) CT models
of the articular cartilage and bone were then edand exported into point-cloud
models using a 3D reconstruction software progrsiim{cs, Materialise Inc., Leuven,
Belgium). A local coordinate system was set ondis&al femoral hemi-condyl@-igure

2A). Eigenvectors of the distal femoral hemi-condyleinpcloud data set were
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calculated to determine the orientation of orth@j@rincipal axes (x-, y-, and z-axes)
of the distal femoral hemi-condyle as previouslysaded (Figure 2B).1 A
custom-written program coded in Microsoft Visual € 2005 with Microsoft
Foundation Class programming environment (Microsoftrp., Redmond, WA) was
used to perform the definition, the coordinate exyst and 3D model creation, and

geometry matching.

3D CT Computer Model Creation of Distal Femoral Condyle Defect and Graft
Models

Oblong graft and defect models were created inMRE€ and LFC with two
different size of the oval shape; 17 mm width xn3@ length and 20 mm width x 30
mm length. The centroid of the oval shape was deterd as the most distal point of
the articular cartilage surface in each distal feahdiemi-condyles(Figure 3A).
Subchondral bone graft models were created onaime docation as articular cartilage
graft models. Once the oval shape of articularlege was projected to the subchondral
bone surface, the point-cloud data within those avas defined as the dataset of the

subchondral bone graft and defect mogElgure 3B).

3D Articular Surface Matching of Defect - Graft Condyles

The articular cartilage surface of the defect modet compared with the graft
model in each combination. Including all groups,taal of 73 donor-recipient
combinations were simulated using the two defex#ss{17 x 30 mm and 20 x30 mm),
resulting in 146 defect-donor comparative comboratibeing tested. All examinations

were performed by single investigator (ABY). Thafyymodel was virtually placed on
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the defect model. Orientation of the graft mode$watomatically adjusted to match the
most anterior and posterior points of the graft eladith those of the defect model
(Figure 4A). Distance of each point cloud between the artrcedatilage surface of the
graft and defect models was calculated so thaattieular cartilage surface of the graft
model matched with that of the defect mo(falgure 4B). The shortest distance from
the point in the defect model to the correspondougnt in the graft model was
measured as the mismatch, where a perfect congmaith would equal a least
mismatch of 0.00 mm for given data points on theusated articular surfacei+s A
mean value of the mismatch was calculated for eawhbination. Simultaneously,
distance of each point cloud at the periphery betwie graft and the defect models
was calculated as the step-@ffigure 4B). The shortest distance of each point cloud
between the subchondral bone surface of the gnaftdefect models was calculated as
the mismatch of the subchondral bo(Egure 4B). This was performed for all

combinations of simulated graft models and recipneadels.

Statistical analysis

The data was presented as mean + standard devidtiendata was analyzed
using Excel 2010 (Microsoft Corp, Redmond, Wastonyiand JMP® software (v12.0,
SAS Institute, Cary, NC). Statistical analysis vpa&sformed utilizing unpaired t-test to
compare the condylar width between the MFC and_B@. Paired t-test was performed
to compare condylar width mismatch between defexssand to compare condylar
width mismatch between the articular cartilage d@hd subchondral bone surface.
Analysis of variance (ANOVA) was performed to comgéhe difference of condylar

width, the mismatch of the articular cartilage aod, the step-off, and the mismatch of
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the subchondral bone surface among groups. If ttadysis of variance result was
significant, post hoc analysis was performed witiukey HSD (honest significant
difference) test. We utilized a threshold of 1 mfnsorface incongruity to determine
whether a graft provided adequate matching. Althotrge literature is conflicting on
this topic and the clinical outcomes associated witproud or sunken graft remain
unclear, this threshold was chosen based on priemdchanics studies and the
experience of the senior authers.To ensure the study was adequately powered, a post
hoc power analysis was performed in G*Power. Basedthe cartilage surface
topography matching results (when the mean of aoepgis 0.5 and the other two
groups are 1 with a SD of 0.4), we had a power9869For the paired t-test analysis,
we were powered to detect 0.2 — 0.3 mm differenesvéen two groups when the

standard deviation was 0.3 — 0.4 mm. Significanas et aP < .05.
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Result
Specimen demographics

The mean condylar width was 24.7 + 1.3 mm and 28143 mm for the MFC
and LFC, respectively. Mean LFC width was signffita greater than mean MFC
width (P < .01). The mean difference in condyladti between the donor and the
recipient were 1.5 £ 1.2 mm in the MFCd — MFCr grpd.1 + 1.5 mm in the ipsilateral
LFCd — MFCr group, and 4.3 = 1.2 mm in the conteai@ LFCd — MFCr group. The
ipsilateral LFCd — MFCr and contralateral LFCd —GtFgroups exhibited significantly
different mean difference in condyle width when gamed to the MFCd — MFCr (P

< .01 in both groups).

Thearticular cartilage surface matching between the graft and defect models
The articular cartilage surface mismatch is showiable 1. In the MFCd —

MFCr group, the mismatch of the articular cartilageface in the absolute value was
less than 1.00 mm for all donor-recipient pairdath 17 x 30 mm and 20 x 30 mm
defect sizes. There was no significant differentehie articular cartilage mismatch
between sizes (P = 0.22). Ipsilateral LFCd grafis eontralateral LFCd grafts exhibited
significantly greater articular cartilage surfacesmmatch than MFCd grafts for the 17 x
30 mm defect and in the 20 x 30 mm defect (P <dn(dbth groupskFigure5). However,
there was no significant difference between ipsitLFCd — MFCr and contralateral
LFCd — MFCr groups (P =0.96 in 17 x 30 mm defext B = 0.98 in 20 x 30 mm).

Histograms showed that the MFCd grafts exhibitedagicular cartilage surface
mismatch within £ 1.00 mm in all combinationsigure 6A and C). Conversely, the

ipsilateral and contralateral LFCd grafts exhibigthken articular cartilage surfaces
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with 15 of 27 ipsilateral LFCd combinations (55.686)d 13 of 26 contralateral LFCd
combinations (50.0%) displaying an articular cagé surface mismatch within + 1.00
mm for the 17 x 30 mm defecFigure 6B and C). Additionally, 14 of 27 ipsilateral
LFCd combinations (51.9 %) and 9 of 26 contraldtefeCd combinations (34.6 %)
exhibited articular cartilage surface mismatch witth 1.00 mm for the 20 x 30 mm

defect Figure 6E and F).

Step-off at the periphery of the graft surrounding the defect

Mean step-off at the periphery of the graft arotmel defect is shown ifable 2.
MFCd grafts provided a mean step-off mm within +ién in all directions for both
defect sizesHigure 7A). In both defect sizes, the ipsilateral and cdatesal LFCd
grafts had a mean step-off of more than +1.0 mnthén17x30 defect model, ipsilateral
and contralateral LFCd grafts had a mean stepfof).80 £ 0.14 mm and -0.93 + 0.46
mm, respectively. Similarly, when using the 20x36fedt model, ipsilateral and
contralateral LFCd grafts had a mean step-off @8& 0.43 mm and -0.98 + 0.41 mm.
A significantly greater mean step-off was exhibitadthe ipsilateral and contralateral
LFCd grafts than MFCd grafts for both defect si@fés .01 in both LFCd groups). The
Ipsilateral and contralateral LFCd allograft stdfs-avere significantly greater in the
medial and lateral portions than that at the amteand posterior portiong-igure 7B

and C).

The subchondral bone surface matching between the graft and recipient models
The mean least distances of subchondral bone suniggmatch are shown irable

3. In MFCd grafts, the mismatch of the subchond@aiebsurface was approximately
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1.0 mm for both defect sizes, and exhibited a figant difference when compared with
the articular cartilage surface mismatch (P < 0loth defect sizes). In ipsilateral
LFCd allografts, the subchondral bone surface mismw&as greater than the MFCd
allografts (P < .01 in both defect sizes). Whilentcalateral LFCd grafts exhibited
significantly greater mismatch of the subchondrahé surface than MFCd grafts in
17x30 mm defect (P < .01), no significant differenaf subchondral bone surface
mismatch was found in the 20 x 30 mm defect betwdEd and contralateral LFCd

grafts (P = 0.608).

Discussion

The main finding of this study was that MFCd oblargfts provided adequate
surface topography matching and peripheral steg<oft mm) and were superior to
ipsilateral and contralateral LFCd grafts. Furthere ipsilateral and contralateral
LFCd allografts provided 1.0 mm or more mean mismaif the articular cartilage
surface. Furthermore, the mean step-off of thdafesal LFCd and contralateral LFCd
grafts were greater. These findings suggest thdtR@d oblong graft may not be an
adequate substitute for an MFCd oblong graft wheating an MFC chondral defect.

Due to the average anatomic width (<25mm) of thECQM larger defects
typically extend in an ovoid fashion, and can nogler be estimated by true circles. In
this study, the mean MFC condylar width was 24.7.3 mm, and two longitudinal
lesion sizes (17 x 30 mm; 20 x 30 mm) were inveséid. The condylar width of LFCds
(28.4 + 1.3 mm) was found to be significantly gezdhan that of the MFCrs (24.7 £ 1.3
mm). Additionally, the mean difference in condweadth of both LFCd — MFCr groups

(ipsilateral LCFd — MFCr: 4.1 £ 1.5 mm; contralatet FCd — MFCr: 4.3 + 1.2 mm)
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were found to be greater than that of the MFCd —CKRgroup. Together, the
information suggests that oblong LFCd grafts wduddable to provide ample coverage
of large MFC lesions.

Previous studies have shown the surface matchirmy@ilar OCAs for distal
femoral condyle defects:13 Mologne et al. investigated the articular carélegyrface
match of OCAs for the treatment of circular MFC et#$12 The authors showed that
MFCd grafts yielded a mean articular cartilage atef mismatch of 0.64 mm and a
mean step off of 0.45 mm. Berstein et al examinedching the radius of OCAs
curvature with the recipient condyles in 3 zonetheffemoral condyl& They reported
a mean mismatch of -0.09 mm with a mean maximuntrysimn of 0.59 mm and a
mean maximum recession of -0.74mm. Furthermoreké&agt al. used topographic
analysis to examine the mismatch of circular, fexh@ondyle OCAs to treat focal
condylar cartilage defects.The authors demonstrated that the OCAs used &t tre
defects from the same condyle yielded a mismatc.46 to 0.62 mm and utilizing
circular OCAs can offer precise surface matching No-C cartilage lesions. In the
current study, the articular cartilage surface imatg of oblong MFCd grafts was
consistent with the previous topographic analysigicular OCAs, suggesting that
MFCd grafts may be a potential source of oblong @@z treating large longitudinal
MFC lesions.

The OCA step-off at the defect periphery has beeows to impact the
biomechanical properties of the transplantatiors D’Lima et al. showed that grafts
proud by 0.5 mm increase peak contact stress iywddimes the contact pressure of
intact native cartilage. Koh et al. demonstrated plugs elevated 1.0 andrrbabove

the surrounding surface had significantly incregseak contact pressure, and that plugs



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

sunk 0.5 and 1.0 mm below the surrounding surfageifeantly increased the peak
contact pressure upon the surrounding intact @feahis study, the mean step-off of
oblong MFCd grafts was less than 0.50 mm for th& B0 mm and 20 x 30 mm MFCr
lesions. These results suggest that the oblong M§@éts may provide acceptable
biomechanical properties for MFC longitudinal desec

As graft availability is a major concern of OCArsplantation and can lead to
significant delay due to donor availably, it is ionfant to understand if LFC grafts can
produce similar surface topography matching to Mgi@fts for treatment of MFC
defects. While many surgeons prefer to treat MFeas with MFCd allografts, prior
in vitro studies have suggested that LFC grafts dar MFC defect may provide
acceptable results20 For example, an investigation by Molonge et aindestrated
that circular LFCd grafts provided comparable aadofable topographic matching
when compared to MFCd grafisThe clinical ramifications of these in vitro fimd
remains unclear. A clinical study by Wang et ainpared outcomes in two groups: one
group that received orthotopic (LFC graft for LF€fect or MFC graft for MFC defect)
grafts and one that received non-orthotropic grdfisC graft for MFC defect or MFC
graft for LFC defect). They found that there weresignificant differences in patient
reported outcomes between the two cohorts. Whikestudy found that LFCd grafts
provide inferior surface topography matching compato MFCd grafts for treating
large MFC defects (only about 50% of grafts prodid#inically acceptable surface
topography mismatch), future studies are needesglvatuate the clinical correlates of

these findings.

Limitations
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There are several limitations in this study. Fitke simulated defect was created in a
single location and alternative defect locationsen®ot investigated. Articular cartilage
lesions can be located at the various areas inMRE. At other defect locations,
mismatch may be greater than in central lesionsaamdstudy does not investigate or
account for this. Second, differences of biomedatenproperties between OCAs and
recipients were not investigated. Biomechanicalpprbes of oblong OCAs may be
inferior to circular OCAs because of the stabiliti/the graft for the recipient. These
variables have not been explored in this studywadant future analysis. In addition,
the degree of mismatch was not compared to treatiagsame defect with multiple
circular OCAs, a commonly used technique for ldogmitudinal MFC lesion&.Future
studies should investigate the differences in serfancongruity between these two

approaches.

Conclusion

Oblong MFC allografts provide acceptable topographatching for large oval MFC
lesions when condylar width differences are mingdizHowever, concern exists in
utilizing oblong LFC allografts for MFC defects, dkis can result in increased

peripheral step-off and surface mismatch.
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Figure 1. Diagram of donor — recipient groups. Métkmoral condyle donor (MFCd) —
MFC recipient (MFCr), Ipsilateral lateral femoradryle donor (LFCd) — MFCr, and
Contralateral LFCd — MFCr were created based onlifiference between the donor and

the recipient condylar width.

Figure 2. (A) An orthogonal local coordinate systéxn, y- z-axes) of the femoral
hemi-condyle was set with the orientation determhibg the intersection (yellow dot) of
three planes (blue, red, and green planes). The¢ digtal (along the z-axis) point was
determined (cyan blue dot). (B) The en face ofgutipn of the femoral hemi-condyle

surface was used for point-cloud data analysis.

Figure 3. Three-dimensional defect and graft madeation of distal femoral condyle.
(A) Oblong defect models were created in the meeialoral condyle (MFC) and graft
models in the MFC and the lateral femoral cond{leQ). The ceontroid of the oval
shape was determined as the most distal poineddrtincular cartilage surface (cyan blue
dot). (B) The subchondral bone defect and grafteteodbere created by the projection of

the articular cartilage models.

Figure 4. Three-dimensional surface geometries@frticular surface and subchondral
bone surface were compared between the defecth@ndraft models. (A) The defect
model was virtually placed on the surface of thaftgmodel. Eigenvectors of the graft
and the defect models were oriented to each otm@rtbhey matched. (B) mismatch of
articular surface and resulting subchondral bomtase and step-off at the periphery of

the graft were calculated.
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Figure 5. A 3-dimensional representation of thdadise distribution of the articular

cartilage surface of the 20 x 30 mm graft modeksmpposed on the left medial femoral
condyle. The blue gradient color represents petetranto the defect model, whereas
red represents prominence. The white color indscaterfect congruence between the

defect and the graft models.

Figure 6. Histogram of articular cartilage surfatiematch deviation from defect models
for medial for medial femoral condyle donor (A)silateral lateral femoral condyle

(LFC) donor (B), and contralateral LFC donor (C).

Figure 7. Polar plots of step-off height for remetstive medial femoral condyle donor

(A), ipsilateral lateral femoral condyle (LFC) daon@), and contralateral LFC donor

(©).

Figure 8. A 3-dimensional representation of thdagise distribution of the resulting
subchondral bone surface of the 20 x 30 mm graftehsuperimposed on the left medial
femoral condyle. The blue gradient color repres@eisetration into the defect model,
whereas red represents prominence. The white daolticates perfect congruence

between the defect and the graft models.



424

425
426
427
428
429
430
431
432
433
434

435
436
437
438
439
440
441
442
443
444
445
446

Table 1. The Mean Least Distance of the Articular Cartilage Surface

Defect Size, Donor Condyle, mm ANOVA* MFC vs MFC vs Ipsi-LFC vs
mm MFC Ipsi-LFC Cont-LFCd Ipsi-LFC Cont-LFC: Cont-LFC
17 x 30 0.5+02 1.0+0.3 1.0+0.4 P<.01 P<.01 P=0.56 P=0.20
20 x 30 05+0.1 1.1+04 1104 P<.01 P<.01 P<.01 P=0.98
NOTE. Data presented as mean * standard deviation.
*Statistical comparison of the mean least distanoeng donor condyles.
MFC, medial distal femoral condyle; LFC, lateradtdi femoral condylefpsi, ipsilateral; Cont,
contralateral.
Table 2. Step-off at the Periphery of the Defect
Donor Condyle, mm
Defect Size MFC vs MFC vs Ipsi-LFC vs
(mm) ANOVA* Ipsi-LFC Cont-LFC: Cont-LFC
MFC Ipsi-LFC Cont-LFC
17x30 -0.3+1.0 -0.90.1 -0.9+0.5 P<.01 P<.01 P<.01 P=0.80
20x30 -0.10 £ 0.45 -1.0+0.4 -1.0+0.4 P<.01 P<.01 P<.01 P=0.95
NOTE. Data presented as mean * standard deviation.
*Statistical comparison of the step-off at the pkery of the defect among donor condyles.
MFC, medial distal femoral condyle; LFC, lateradtdl femoral condylefpsi, ipsilateral; Cont,
contralateral.
Table 3. The Mean Least Distance of the Subchondral Bone Surface
. Donor Condyle, mm .
Defect Size, » . * MFC vs MFC vs Ipsi-LFC vs
mm MFC Ipsi-LFC Cont-LFC ANOVA  |hsilFC  ContLFC:  Cont-LFC
17 x 30 1.0+0.4 1.4+0.8 1.2+0.4 P<.01 P<.01 P<.01 P=0.96
20 x 30 1.0+0.4 1.7+1.0 1.2+0.3 P<.01 P< 01 P=061 P=003




447
448
449
450
451

NOTE. Data presented as mean * standard deviation.

*Statistical comparison of the mean least distaaroeng donor condyles.

MFC, medial distal femoral condyle; LFC, lateradtdi femoral condylefpsi, ipsilateral; Cont,
contralateral.



Figure 1 10 MFC (5R, 5L)
7LFC (3R, 4L)

I

Donor ‘ MFC Ipsilateral LFC Contralateral LFC
n=40 n=235 n=235
Combination for MFC (5x4 R-R, 5x4 L-L) (15R-R, 20 L-L) (20 R-L, 15 L-R)
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mismatch n=20 n=8 n=9
Group, n MFCd-MFCr Ipsilateral LFCd-MFCr Contralateral LFCd-MFCr
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Figure 1, Diagram of donor — recipient groups. Medial femoral condyle donor (MFCd) — MFC recipient (MFCr), Ipsilateral
lateral femoral condyle donor (LFCd) — MFCr, and Contralateral LFCd — MFCr were created based on the difference
between the donor and the recipient condylar width.



Figure 2

(A) An orthogonal local coordinate system (x-, y- z-axes) of the femoral hemi-condyle was set with the orientation
determined by the intersection (yellow dot) of three planes (blue, red, and green planes). The most distal (along the z-axis)
point was determined (cyan blue dot). (B) The en face of projection of the femoral hemi-condyle surface was used for
point-cloud data analysis.




Figure 3

B
MFC donor Articular cartilage Subchondral bone

Articular cartilage model

Mediolateral view

Most distal point

z
o
s
E
£
a

(A) Oblong defect models were created in the medial femoral condyle (MFC) and graft models in the MFC and the lateral
femoral condyle (LFC). The ceontroid of the oval shape was determined as the most distal point of the articular cartilage
surface (cyan blue dot). (B) The subchondral bone defect and graft models were created by the projection of the articular
cartilage models.




Figure 4
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Three-dimensional surface geometries of the articular surface and subchondral bone surface were compared between the
defect and the graft models. (A) The defect model was virtually placed on the surface of the graft model. Eigenvectors of the
graft and the defect models were oriented to each other until they matched. (B) mismatch of articular surface and resulting
subchondral bone surface and step-off at the periphery of the graft were calculated.




Figure 5

MFC donor Ipsilateral LFC donor Contralateral LFC donor

A 3-dimensional representation of the distance distribution of the articular cartilage surface of the 20 x 30 mm graft model
superimposed on the left medial femoral condyle. The blue gradient color represents penetration into the defect model,
whereas red represents prominence. The white color indicates perfect congruence between the defect and the graft models.




Figure 6
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Histogram of mismatch deviation from defect models for medial for medial femoral condyle
donor (A), ipsilateral lateral femoral condyle (LFC) donor (B), and contralateral LFC donor (C).



Figure 7
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Polar plots of step-off height for representative medial femoral condyle donor (A),

ipsilateral lateral femoral condyle (LFC) donor (B), and contralateral LFC donor (C).
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Figure 8
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MFC donor Ipsilateral LFC donor Contralateral LFC donor

A 3-dimensional representation of the distance distribution of the resulting subchondral bone surface of the 20 x 30 mm graft
model superimposed on the left medial femoral condyle. The blue gradient color represents penetration into the defect

model, whereas red represents prominence. The white color indicates perfect congruence between the defect and the graft
models.




