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Abstract

Purpose This study aimed to determine the magnitude of local curvature matching in the sagittal plane between an implanted
graft and the condylar region receiving the graft and to analyze its effect on clinical outcomes in patients undergoing osteo-
chondral allograft transplantation (OCA).

Methods Patients who underwent knee OCA between 2016 and 2019 without circumferential step-off and were matched
with a donor in accordance with the conventional matching process were included. The magnitude of donor-host local cur-
vature matching was measured using postoperative sagittal magnetic resonance imaging data with Syngo (Siemens Medical
Solutions, Forchheim, Germany) and GeoGebra (GeoGebra GmbH, Linz, AU) software. In addition to radiological evalua-
tion, ROC analysis was performed to compare the patient-reported outcome measures (PROMs) obtained during the 2-year
follow-up period among the patients in the SagA group, who had a graft match in the sagittal plane; SagB group, who had
low convexity of the graft in the sagittal plane; and SagC group, who had high convexity of the graft in the sagittal plane in
accordance with the determined indices.

Results The study included 27 patients who fulfilled the inclusion criteria, and the mean clinical scores of the SagC group
were not statistically significantly higher than those of the other groups at any timepoint during the follow-up. The mean
Tegner, IKDC, total KOOS and SF-12 physical and mental health scores of the SagC group were lower than those of the
other two groups at various follow-up time points, particularly at month 24 (p <0.05). There were no significant differences
between the SagA and SagB groups in the PROMs at any of the follow-up time points (n.s.). The significant differences
observed between the SagC group and the other groups in the mean KOOS scores for function in daily living and function
in sport and recreation were also observed between the SagA and SagB groups at the follow-ups (p <0.05).

Conclusion During OCA, a local curvature mismatch between the donor and the host involving large graft convexity may
have a negative impact on midterm clinical outcomes. A preoperative analysis of the convexity relationship between the
defect site and the graft region in the hemicondylar allograft to be used may enhance donor-host matching. The local analysis
method described in the current study may also facilitate graft supply by ensuring donor-host matching without condyle-side
and size matching.

Level of evidence III.
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donor-site morbidity, and applicability to specific defect
areas [9, 14]. Many studies have shown encouraging results
of this technique [6, 8, 23]. It is of utmost importance to
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topographic anatomy during OCA [10-12, 30]. The failure
to match these components may have a negative effect on
the clinical outcomes [18]. Previous computer modeling and
cadaver studies have shown that the contact pressure sig-
nificantly increase when a graft is placed, with a 0.5-1 mm
protuberance from neighboring cartilage tissue [10, 11].

Studies have been conducted to determine the most suit-
able graft site to enhance the topographic match between
the donor and the host in autograft transfers [1, 19, 24, 26]
and allograft transplantation [3, 17]. A condylar match is
desired during the mentioned matching process since medial
and lateral condyles differ in size, curvature and shape [13,
20]. Preoperative matching methods that can be considered
alternatives to the conventional process have been proposed
to improve donor-host matching. These methods were also
developed to eliminate the challenges regarding the graft
supply for medial lesions by enabling the use of condyles
on different sides. In a cadaver study, it was shown that a
graft-host match can be achieved well with the radius of
curvature (RoC) technique, which is a method that addresses
the femoral condyle as a whole. However, there were differ-
ences across condylar regions and graft sizes in the graft-
host matching rates [3].

Although these studies have been conducted, no studies
investigating the effects of a graft-host match in terms of
curvature without circumferential step-off in the presence
of a condylar side match have been conducted. This study
may contribute to the existing literature by providing local
matching information between donors and hosts in the defect
region. In contrast to common conventional techniques, in
which the condyle is considered as a whole, local matching
is new and has not been defined in the literature. The results
of this study may reveal the importance of local matching,
and it may be possible to use the described method in the
preoperative donor-host matching process. The local analy-
sis method could also promote the graft supply by ensuring
donor-host matching success without condyle-side and size
matching. Thus, the local convexity relationship between
the graft curvature and the condylar region receiving the
graft was determined in the sagittal plane, and the effects
of this relationship on clinical outcomes were analyzed.
The hypothesis of this study was that a local curvature mis-
match between the graft and the defect area where the graft
is placed may adversely affect the clinical results, especially
when the convexity of the graft is higher.

Materials and methods

This study was approved by the Yildirim Beyazit
University Ethics Committee (approval no.
B.30.2.YBU.006.06.01/108). The data collected from the
patients who underwent OCA between 2016 and 2019 to
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treat cartilage damage in the knee by considering the con-
dylar (medial to medial or lateral to lateral), laterality and
size in the matching process were analyzed.

Inclusion criteria

The inclusion criteria for the present study were patients
who (1) were between the ages of 18—45 years at the time
of surgery, (2) were followed up for at least 24 months, (3)
had isolated focal chondral or osteochondral lesions in the
femoral condyle of the knee, (4) had International Cartilage
Repair Society (ICRS) grade 3—4 lesions, (5) had lesions
localized in the medial or lateral femoral condyles, (6) had
traumatic or osteochondritis dissecans-related osteochondral
lesions with bone loss of no more than 8 mm, (7) did not
have a systemic or rheumatological disease, and (8) did not
have a history or suspicion of infection in the knee joint.

Exclusion criteria

Patients who (1) had bipolar lesions and received multiple
osteochondral plugs at the same or different defect loca-
tions, (2) had a history of revision due to a failed OCA, (3)
had osteochondral lesions deeper than 8 mm, which may
require additional grafting, (4) had nonfocal, degenerative
cartilage injuries, (5) had malalignment or ligament injury in
the lower limbs, (6) underwent corrective osteotomy, menis-
cal transplant surgery, ligament repair and such surgeries
for concomitant pathologies, (7) were found to have menis-
cus lesions during intraoperative diagnostic arthroscopy or
the magnetic resonance imaging (MRI) examination and
received treatment for these lesions were excluded from the
study. Patients in whom the level of cartilage around the
allograft exhibited depression by more than 1 mm or a pro-
tuberance at any level relative to the neighboring cartilage
tissue, as detected in the postoperative MRI examination,
i.e., patients with circumferential step-off, were excluded
from the study.

Surgical technique

The entire OCA procedure was performed by a single sur-
geon (MB) experienced in cartilage restoration in accord-
ance with the technique described in the literature [5, 16,
29]. Upon evaluation of the intraarticular structures, the
defect site was confirmed by diagnostic arthroscopy. A mini-
arthrotomy was performed via a parapatellar incision on the
side of the condyle with a lesion. The defect site was marked
after the appropriate size was determined with cylindrical
cannulated measurement equipment. After sizing, the defect
site was reamed up to nearly 810 mm in depth until the
normal bone bed was reached. The graft was prepared from
an area of the hemicondyle allograft that corresponded to the
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defect localization. The depth of the defect site was meas-
ured at 4 points of the lesion and matched to the donor tissue
by marking. The prepared graft was then placed by press-fit
fixation, and efforts were made to avoid circumferential step-
off with a depression of more than 1 mm or a protuberance
at any level. None of the patients required additional fixation
materials following the graft stability assessment.

Radiologic evaluation

Data were collected at postoperative week 8 using the fol-
lowing MRI technique to perform a detailed analysis of all
the patients who satisfied the inclusion criteria.

All MRI exams were performed with a 3 T (3 T) MRI
machine (Trio, Siemens, Erlangen, Germany) and 32-chan-
nel coil. During the MRI scan, the knee joint was in slight
flexion, and the patients were placed in a feet-first supine
position. With MRI, two-dimensional (2D) T1-weighted
turbo spin-echo and 2D T2-weighted (W) turbo spin-echo
(TSE) (TR /TE 4000/71 ms, slice thickness (sth) 4 mm)
images were taken in the sagittal and coronal planes. Three-
dimensional (3D) proton density W (3D-PDW) space (TR
/TE 1200/32 ms, sth 0.5 mm) and 3D volume-interpolated
breath-hold examination (3D-VIBE) (TR /TE 9.8/4.9 ms,
sth 0.63 mm) images were taken in the sagittal plane. T2W
Trufi 3D (TR /TE 8.8/3.8 ms, sth 0.4 mm) and T2 3D short
tau inversion recovery (T2-STIR) (TR /TE 5100/42 ms, sth
0.63 mm) images were taken in the coronal plane. For all
3D sequences, isotropic voxel sizes (<1 mm3) were used,
and multiplanar reformatted images were also taken. The
field of view (FOV) was 15-16 cm, and the matrix size was
256-512/256-512.

Measurement technique

Measurements concerning donor-host curvature match-
ing were taken on the sagittal MR images for all patients
included in the study with the commercially available post-
processing software Syngo (version VA20B, Siemens Medi-
cal Solutions, Forchheim, Germany). The distal cartilage
margins of the implanted graft and the graft circumference
of the condyle that received the graft were identified in detail
on the magnified images using a function that creates an arc
with modifiable convexity and measurable length by using
the intact cartilage as a reference and the projection of the
cartilage margins of the condyle that was created within the
graft-implanted area (Fig. 1). The arcs, whose lengths were
known, for the articular cartilage margins of the graft and
host condyle were transferred to the online geometry cal-
culating platform GeoGebra (GeoGebra GmbH, Linz, AU)
[2] in the Portable Network Graphics (.png) format, and
tangents were created separately on each arc according to
the measurement technique in Fig. 2. Based on fundamental

calculus knowledge, the mean curvature of the arc (K) was
calculated as the ratio of the angle between tangents (Aa)
to the length of the arc (As). Therefore, the curvature index
(Kipgex) Was calculated from the ratio of the mean curvature
of the implanted graft (K;) to the mean curvature of the
condyle in the defect site (K,):

Aal

K. _ & _ Asl
index — KZ - Aa2
As2

Using the abovementioned measurement technique, the
patients included in the study were divided into group SagA,
which had a graft match in the sagittal plane; group SagB,
which had low convexity of the graft in the sagittal plane;
and group SagC, which had high convexity of the graft in the
sagittal plane, according to the statistical analysis results of
the Kj,qex Values for the surface convexity of the implanted
allograft and the convexity of the condyle that received the
graft. Double-blinded MRI measurements for each patient
were conducted by four orthopedists (MB, SG, MES, MA).
The arc index of measurement reliability was assessed using
the intraclass correlation coefficient (ICC). The interob-
server ICC was 0.84, and the intraobserver ICC was 0.86
for the K| index measurements. The interobserver ICC was
0.82, and the intraobserver ICC was 0.88 for the K, index
measurements. Among all measurements, the highest margin
of error was 0.4 for the K index and 0.9 for the K, index.

Clinical evaluation

The patient-reported outcome measures (PROMs) obtained
from the patients after they completed the International
Knee Documentation Committee (IKDC) Subjective Knee
Evaluation Form; Knee injury and Osteoarthritis Outcome
Score (KOOS) and KOOS subscales; Tegner Activity Index
and 12-Item Short Form Health Survey (SF-12) Mental and
Physical subscales preoperatively and throughout follow-up
period were compared among the curvature index groups
[21, 22, 25, 28].

Statistical analysis

Statistical analysis was performed using SPSS software
(Version 17.0, SPSS Inc., Chicago, IL, USA). Normally dis-
tributed continuous variables are expressed as mean + stand-
ard deviation values [p> 0.05 in Shapiro Wilk test (n <30)],
and the continuous variables that were not normally distrib-
uted are expressed as median values. Comparisons between
the groups were performed using one-way ANOVA for the
normally distributed data and the Kruskal-Wallis test for the
data that did not have a normal distribution. For statistically
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Fig. 1 From the analysis of the magnetic resonance imaging (MRI)
data, (a) a sagittal MR image of a patient with curvature index match
between the graft and condyle region and (A,) a drawing of the
local curvature cartilage margins of the condyle and the graft made
by magnifying the same image; (b) an image of a patient with lower

graft convexity than that of the condyle and (B,) local curvature mar-
gins; (¢) an image of a patient with a higher graft convexity than that
of the condyle and (C,) local curvature margins. The orange arrows
indicate the local curvature of the allograft, and the green arrows
indicate the local curvature of the femoral condyle

A B

Aaa

K. = & = ASl
index KZ %
As:

S2: 6.0885881539%

Fig.2 a Schematization of the method used to calculate the mean
curvature for each plane arc by radiologic evaluations of the cur-
vature match. Based on fundamental calculus formulas, the mean
curvature (K) of the plane arc between the points of M and M1 was
calculated as the ratio of the angle between tangents (Aa) passing
through M and M1 to the length of the arc (As). (b) The arcs for the
articular cartilage margins of the graft and host condyle obtained in
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the postprocessing software environment from the MR images were
transferred to the online geometry calculating platform GeoGebra
(GeoGebra GmbH, Linz, AU), and the measurements were conducted
separately for each arc in accordance with the technique shown in
Fig. 1a. ¢ The curvature index (K., for a patient was calculated
according to the provided equation using the mean curvature values
of the graft (K,) and the defect site in the condyle (K,)
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significant effects identified by analysis of variance, com-
parisons were performed using the post hoc Bonferroni
test. The categorical variables were compared between the
groups using the Chi square test. Prepost data compari-
sons were performed using the Greenhouse Geisser test for
repeated measures. When significant effects were identi-
fied by analysis of variance, comparisons were performed
using the paired ¢ test or Wilcoxon test. Receiver operating
characteristic (ROC) curve analysis was performed to deter-
mine the cutoff values for the groups. P <0.05 was con-
sidered statistically significant. Bonferroni correction was
used to adjust the p value for each hypothesis (0.05/groups).
P <0.017 was considered statistically significant. A post hoc
power analysis for detecting differences in measurements
between the three groups was conducted. The statistical soft-
ware G*Power (Erdfelder, Faul, Germany, 2014) was used
for power analyses. Based on the ANOVA results, an effect
size of 0.86 (¢ =0.05), and a sample size of 29 patients, the
statistical power was calculated to be 0.88.

Results

Of the 33 patients who underwent OCA transplantation,
the following patients were excluded from the study: (1)
two patients who underwent corrective osteotomy, (2) one
patient who underwent meniscal allograft transplantation
and (3) three patients who had and received treatment for
meniscal and anterior cruciate ligament pathologies. A total
of 27 patients (19 male, 7 female) who met the inclusion
criteria were included in the study. A summary of the demo-
graphic characteristics of the patients who were included
stratified by group is provided in Table 1. There were no
statistically significant differences between the groups in the
baseline characteristics of the patients (p > 0.05).
According to the ROC curve analysis of the obtained cur-
vature measurements, the donor-host curvature match was
considered suitable with 100% probability, 100% sensitivity

and 100% specificity if the condition 0.830 < Kj 4o, < 1.257
was satisfied (Fig. 3). According to the statistical analysis,
the cutoff values for the patients grouped according to the
donor-host match were as follows: K 4., =0.83—-1.257 for
group SagA (n=14), with a graft match in the sagittal plane;
K, 4ex < 0.83 for group SagB (n=7), with low graft convexity
in the sagittal plane; and K 4., > 1.257 for SagC (n=6), with
high graft convexity in the sagittal plane.

The mean clinical scores of the SagC group were not sig-
nificantly higher than those of the other groups at any time
point during the follow-up period. The mean Tegner, IKDC,
total KOOS and SF-12 physical and mental health scores
of the SagC group at different follow-up time points were
significantly lower than those of the other two groups, and
the difference was statistically significant (p <0.05). There
were no statistically significant differences between the
SagA and SagB groups at any of the follow-up time points
(n.s.) (Table 2 and Fig. 4). According to the detailed analysis
of the KOOS subscales, the mean KOOS subscores of the
SagC group were significantly lower than those of the other
two groups, similar to the results shown in Table 2, except
the KOOS function in daily living (KOOS ADL) and func-
tion in sport and recreation (KOOS Sport/Rec) between the
SagB and SagC groups. Significant differences in terms of
the mean KOOS function in daily living (KOOS ADL) and
function in sport and recreation (KOOS Sport/Rec) scores
were also observed between the SagA and SagB groups
at postoperative follow-up periods (p < 0.05) (Table 3 and
Fig. 5).

Discussion

The most important finding of the present study is that when
the convexity of the graft placed during OCA is higher than
the convexity of the condyle, the midterm functional out-
comes are negatively impacted. Moreover, it was observed
that the convexity of the graft being lower than that of the

Table 1 Baseline

A SagA (n=14) SagB (n="7) SagC (n=6) p value
Characteristics
Mean + SD Mean+SD Mean+SD
Age (years) 30.1+8.5 32.6+10.2 272+6.4 n.s
BMI (kg/m?) 26.7+3.7 27.8+5.3 24.8+3.8 n.s
Defect: condyle Ratio 0.24 (0.1-0.4) 0.24 (0.2-0.4) 0.24 (0.2-0.3) n.s
Graft Size (mm) 21.4+2.7 21.0+3.5 21.8+2.8 n.s
Follow-up (months) 30.2+4.7 30.3+5.0 29.7+4.9 n.s
Sex (F/M) 5/9 1/6 1/5 n.s
Knee Side (L/R) 3/11 1/6 3/3 n.s
Condyle (L/M) 5/9 2/5 3/3 n.s

BMI Body mass index, F/M Female/Male, L/R Left/Right, L/M Lateral/Medial, n Number of Patients, SD

Standard Deviation
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Fig.3 A graph of the receiver operating characteristic (ROC) curve
analysis that was conducted to determine the (a) lower and (b) upper
cutoff values for the donor-host match groups in accordance with the
curvature index (Kj,q,) values between the surface convexity of the
implanted allograft and the convexity of the condyle that received the
graft. ¢ Dot graph showing the index values with respect to the ratio

condyle did not affect the functional outcomes. These results
reveal the effect of local matching between the donor and
host on clinical outcomes. The preoperative magnitude of
donor-host matching in the patients included in the study
was determined according to conventional techniques in
which the dimensions of the entire condyle were considered.
In conventional matching, the local measurement method
described in the current study for assessing local matching
in the defect region could not be fully achieved. This issue
may affect the clinical results, especially when the graft has
a large convexity.

Practices that do not require condyle-specific matching
have also been discussed to overcome challenges in medial
graft supply. Wang et al. compared 50 orthotopic (lateral-
to-lateral condyle or medial-to-medial condyle) and 27 non-
orthotopic (lateral-to-medial condyle or medial-to-lateral
condyle) OCA procedures [27]. In that study, there were no
statistically significant differences between the nonortho-
topic group and the orthotopic group in terms of the reop-
eration and failure rates, as well as the SF-36 and IKDC
scores and KOOS, during the mean follow-up duration of
4 years. In their study, Wang et al. only used condyle size
for donor-host matching and reported that the grafts were
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of the mean curvature of the implanted graft (K,) to the mean curva-
ture of the condyle in the defect site (K,). The green area indicates the
SagA group, with a graft match in the sagittal plane; the yellow area
indicates the SagB group, with low convexity of the graft; and the
red area indicates the SagC group, with high convexity of the graft in
accordance with the determined indices

placed without a step-off. However, the study did not provide
a detailed analysis of the graft-host relationship between
the groups. The results of this study suggest that condylar
matching, which is considered an important parameter in
conventional matching, is not the most important criterion
and that there may be other criteria more important for clini-
cal success.

Yanke et al. conducted a detailed topographic analysis of
the same and different condyle applications with different
combinations of size matches and mismatches in computed
tomography (CT)-based computer modeling study involv-
ing 22 (11 medial and 11 lateral) femoral hemicondyles.
Although there were no statistically significant differences
between the groups in terms of prominence with respect to
the femoral condyle surface, the modeling results showed
that the extent of mismatching increased with the graft
diameter [31]. In the mentioned study, it was also shown
that condylar (medial-lateral) matching may not be the most
important parameter for donor-host matching. Additionally,
considering that defect size may affect matching in the pres-
ence of condyle size matching, preoperative local curvature
analysis may be useful to improve donor-host matching in
the defect region.
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Table 2 The changes in clinical

outcomes that occurred over
the follow-up period and
comparisons between the
groups

SagA (n=14) SagB (n=7) SagC(n=6) pvalue  pagp pA&C pB&C
Mean +SD Mean +SD Mean +SD
Tegner Lysholm
Preop 30.2+4.5 30.6+5.6 31.8+5.0 n.s - - -
F/U 12th  73.4+5.6 72.6+64 61.3+9.9 0.004 n.s 0.004 0.022
F/U 24th  85.7+8.9 82.0+9.2 68.3+11.9 0.004 n.s 0.004 0.045
IKDC
Preop 31.3+7.9 319+3.4 31.2+4.6 n.s - - -
F/U 12th  63.8+8.7 63.8+3.7 57.1+8.1 n.s - - -
F/U24th  79.7+7.6 76.4+8.2 62.2+12.1 0.029 n.s 0.006 0.046
KOOS
Preop 299+12.3 30.8+11.8 30.1+6.5 n.s - - -
F/U 12th 749453 73.6+11.8 67.1+7.7 n.s - - -
F/U 24th 82.6+7.9 79.3+7.1 70.3+£10.9 0.021 n.s 0.016 0.045
SF-12 Physical
Preop 36.5+9.7 354+3.0 352+73 n.s - - -
F/U12th  49.2+59 45.7+4.5 432+4.6 n.s - - -
F/U 24th  53.6+54 49.7+6.8 44.7+7.2 0.038 n.s 0.042 0.019
SF-12 Mental
Preop 37.2+105 383+2.6 38.7+3.4 n.s - - -
F/U 12th  55.6+6.7 53.6+4.5 47.2+4.7 0.01 n.s 0.004 0.022
F/U24th  579+6.1 55.6+5.9 50.0+4.9 0.021 n.s 0.008 0.009

Fig.4 The changes in the patient-reported outcome measures
(PROMs), including (a, d) the Tegner Activity Index; (b, e) knee
injury and osteoarthritis outcome score (KOOS) and (¢, f) Interna-

Tegner Lysholm Knee Scoring Scale

Preop WF/U12th WF/U24th

Tegner Lysholm Knee Scoring Scale

n Number of patients, SD Standard Deviation, F/U Follow-up month, n.s nonsignificant, /KDC Interna-
tional Knee Documentation Committee Subjective Knee Form, KOOS Knee injury and Osteoarthritis Out-
come Score, SF-12 12-Item Short Form Health Survey
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Table 3 The changes in the
Knee injury and Osteoarthritis

SagA (n=14) SagB (n=7) SagC (n=6)  p value Pa&B pA&C pB&C

Outcome Score (KOOS) Mean +SD Mean+SD Mean+SD

subscores that occurred over

the follow-up period and
comparisons between the

groups

90,0
80,0
70,0
60,0
50,0
200
30,0
200
10,0

Symptoms
Preop 27.4+4.3 27.1+4.1 28.8+4.3 n.s - - -
F/U 12th  77.6+3.7 749+49 65.7+64 0.0001 n.s 0.001 0.005
F/U 24th  88.3+3.9 859+5.1 70.3+£9.2 0.0001 n.s 0.0001 0.0001
Pain
Preop 225+19 22.9+3.6 22.5+4.8 n.s - - -
F/U 12th  68.5+8.2 66.8+6.6 60.4+9.4 n.s - - -
F/U 24th 83.1+5.1 779+4.6 66.5+9.7 0.0001 n.s 0.001 0.010
ADL
Preop 23.8+3.1 24.1+2.1 24.1+5.1 n.s - - -
F/U 12th  702+19 60.2+9.5 58.1£8.1 0.003 0.031 0.001 n.s
F/U 24th  82.6+5.8 71.9+5.6 66.5+11.9 0.001 0.022  0.0001 n.s
Sport/Rec
Preop 123+54 12.1+4.2 13.3+4.4 n.s - - -
F/U 12th  67.3+89 53.6+11.6 43.7+£9.3 0.001 0.001 0.0001 n.s
F/U 24th  84.0+8.8 72.0+£12.5 64.3+10.7 0.016 0.001 0.0013  ns
QoL
Preop 15.6+4.5 15.8+2.6 16.5+3.6 n.s - - -
F/U 12th  75.1+5.7 73.4+4.6 59.0+144 0.001 n.s 0.001 0.012
F/U24th  79.4+14.9 752+129 68.0+9.1 n.s - - -

n Number of patients, SD Standard Deviation, F/U Follow-up month, n.s nonsignificant, ADL Function in
Daily Living, Sport/Rec Function in Sport and Recreation, OoL Quality of Life

Symptoms Quality of Life Function, Daily Living
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Fig.5 The changes in knee injury and osteoarthritis outcome score (KOOS) subscores at the follow-up (F/U) time points. The arrows indicate
the statistically significant differences between groups at the time intervals

In the present study, it was shown that conventional and the local curvature at the defect site, even without cir-
matching methods such as side, laterality and size matching  cumferential step-offs and that this issue could negatively
may still lead to a mismatch between the graft curvature  impact the clinical outcomes. The functional outcomes were
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significantly poorer at various follow-up time points when
the graft convexity was higher than the convexity of the local
curvature at the defect site of the femoral condyle (p <0.05).

Bernstein et al. [3] conducted a study with the hypoth-
esis that a donor-host matching process conducted according
to the radius of curvature (RoC) technique, which weighs
the femoral condyle curvature more heavily than does the
conventional matching process, would improve the donor-
host matching results and investigated the level of matching
between the graft and condyle using a high-resolution laser
scanner following procedures performed on cadavers. The
mentioned study demonstrated that 100% matches could be
achieved with a defect diameter of 20 mm; however, the
match rate decreased as the diameter of the defect increased.
Overall, it was stated that the RoC technique provided a 3.2-
fold higher match rate than did the conventional technique.

As seen in these two studies [3, 31], variables such as
defect size and morphometric characteristics of the condyle
may limit donor-host matching, particularly with the con-
ventional method as well as the other available alternative
methods. The results of the current study also showed that
such a mismatch may affect the outcomes. Preoperative eval-
uations of the surface curvature properties of the graft area
that is to be harvested from the allograft and the defect site
performed using the computer modeling technique employed
in the abovementioned study by Yanke et al. [31], the meas-
urements made on MR images in the present study or similar
measurement techniques may help improve the donor-host
matching results. The importance of considering cartilage
thickness in local curvature matching measurements should
also be noted for future developments. The thickness of
the articular cartilage can differ according to the condyle
(medial, lateral) and the location on the condyle (anterior,
middle, posterior) [4, 15]. Measurements conducted only
on radiographs may neglect the cartilage thickness, thereby
possibly leading to a surface topography mismatch.

A strength of this study was that it investigated the effects
of the differences between graft and condyle local curva-
tures on clinical outcomes regarding matching in accord-
ance with the conventional parameters, which have not been
mentioned previously in the literature. Another strength of
this study was that it described a method of assessing local
curvature mismatches that is easy to perform and relies on
the differences in convexity, and this method also has the
potential to become commonly used for preoperative analy-
sis and may improve donor-host matching. In addition, the
present study had some limitations. The major limitations
of the study were that the number of patients was small
and the follow-up period was relatively short. The small
number of patients in the groups is thought to cause unex-
plained changes in functional scores due to issues in statis-
tical analysis. Another important limitation of the study is
its retrospective design. The effectiveness of the described

method should be evaluated by a prospective study in which
donor-host matching is determined according to the method
described in the current study. Although none of the patients
exhibited failure within the 2-year follow-up period, the
study did not include radiologic data that allowed the detec-
tion of possible changes throughout the patient follow-up
period, which was another important limitation. The other
limitations of the study include the absence of detailed data
for the preoperative matching of the patients included in the
study and the lack of analysis in the coronal plane in addition
to the sagittal plane.

In addition to donor-host matching techniques that con-
sider the whole condyle, the local measurement method
described in this study may improve the local donor-host
curvature matching results. In addition, it can help to over-
come the graft supply issue, which is one of most impor-
tant issues in allograft transplantation, by facilitating the
identification of the allograft that fits locally to the defect
area, without the need to determine the condyle side and size
compatibility, as with conventional techniques.

Conclusion

Local curvature mismatching involving particularly large
graft convexity between the donor and the host may neg-
atively impact the midterm clinical outcomes of OCA. A
preoperative analysis of the convexity relationship between
the local curvature of the defect site and the graft region in
the hemicondylar allograft could be performed in order to
improve donor-host matching.

Author contributions S.G.; Wrote the manuscript, collected data,
analysed data; M.E.S.; Analysed data and co-wrote the paper. M.A.;
Performed bioinformatic analyses. O.K.; Mathematical calculations,
analysed data. M.B.; Supervised the research.

Funding None.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

Ethical approval This study was approved by the Yildirim Beyazit Uni-
versity Ethics Committee (approval no. B.30.2.YBU.006.06.01/108).

References

1. Agneskirchner JD, Brucker P, Burkart A, Imhoft AB (2002) Large
osteochondral defects of the femoral condyle: press-fit transplanta-
tion of the posterior femoral condyle (MEGA-OATS). Knee Surg
Sports Traumatol Arthrosc 10:160-168

@ Springer



Knee Surgery, Sports Traumatology, Arthroscopy

10.

11.

12.

13.

14.

15.

16.

17.

Bachhal V, Saini G, Jindal N, Sament R, Dadra A (2020) GeoGe-
bra: a reliable and free software for measuring acetabular cup
anteversion on digitalized plain radiographs. J Clin Orthop
Trauma 11:5201-S205

Bernstein DT, O’Neill CA, Kim RS, Jones HL, Noble PC, Har-
ris JD et al (2017) Osteochondral allograft Donor-Host matching
by the femoral condyle radius of curvature. Am J Sports Med
45:403-409

Eckstein F, Winzheimer M, Hohe J, Englmeier KH, Reiser M
(2001) Interindividual variability and correlation among morpho-
logical parameters of knee joint cartilage plates: analysis with
three-dimensional MR imaging. Osteoart Cartilage 9:101-111
Fagan R, Furey AJ (2014) Use of large osteochondral allografts
in reconstruction of traumatic uncontained distal femoral defects.
J Orthop 11:43-47

Frank RM, Lee S, Levy D, Poland S, Smith M, Scalise N et al
(2017) Osteochondral allograft transplantation of the knee: analy-
sis of failures at 5 years. Am J Sports Med 45:864-874

Gomoll AH, Filardo G, Almqvist FK, Bugbee WD, Jelic M, Mon-
llau JC et al (2012) Surgical treatment for early osteoarthritis.
Part II: allografts and concurrent procedures. Knee Surg Sports
Traumatol Arthrosc 20:468—486

Gross AE, Shasha N, Aubin P (2005) Long-term followup
of the use of fresh osteochondral allografts for posttraumatic
knee defects. Clin Orthop Relat Res 435:79-87. https://doi.
org/10.1097/01.b10.0000165845.21735.05

Haber DB, Logan CA, Murphy CP, Sanchez A, LaPrade RF,
Provencher MT (2019) Osteochondral allograft transplantation
for the knee: post-operative rehabilitation. Int J Sports Phys Ther
14:487-499

Kock NB, Smolders JM, van Susante JL, Buma P, van Kampen
A, Verdonschot N (2008) A cadaveric analysis of contact stress
restoration after osteochondral transplantation of a cylindrical car-
tilage defect. Knee Surg Sports Traumatol Arthrosc 16:461-468
Koh JL, Kowalski A, Lautenschlager E (2006) The effect of angled
osteochondral grafting on contact pressure: a biomechanical study.
Am J Sports Med 34:116-119

Koh JL, Wirsing K, Lautenschlager E, Zhang LO (2004) The
effect of graft height mismatch on contact pressure following
osteochondral grafting: a biomechanical study. Am J Sports Med
32:317-320

Kosel J, Giouroudi I, Scheffer C, Dillon E, Erasmus P (2010)
Anatomical study of the radius and center of curvature of the
distal femoral condyle. ] Biomech Eng 132:091002

LaPrade RF, Botker J, Herzog M, Agel J (2009) Refrigerated
osteoarticular allografts to treat articular cartilage defects of the
femoral condyles. A prospective outcomes study. J Bone Joint
Surg Am 91:805-811

Li G, Park SE, DeFrate LE, Schutzer ME, Ji L, Gill TJ et al (2005)
The cartilage thickness distribution in the tibiofemoral joint and
its correlation with cartilage-to-cartilage contact. Clin Biomech
(Bristol, Avon) 20:736-744

McCormick F, Harris JD, Abrams GD, Frank R, Gupta A, Hussey
K et al (2014) Trends in the surgical treatment of articular carti-
lage lesions in the United States: an analysis of a large private-
payer database over a period of 8 years. Arthroscopy 30:222-226
Mologne TS, Cory E, Hansen BC, Naso AN, Chang N, Murphy
MM et al (2014) Osteochondral allograft transplant to the medial

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

femoral condyle using a medial or lateral femoral condyle allo-
graft: is there a difference in graft sources? Am J Sports Med
42:2205-2213

Nakagawa Y, Suzuki T, Kuroki H, Kobayashi M, Okamoto Y,
Nakamura T (2007) The effect of surface incongruity of grafted
plugs in osteochondral grafting: a report of five cases. Knee Surg
Sports Traumatol Arthrosc 15:591-596

Nishizawa Y, Matsumoto T, Araki D, Nagamune K, Matsushita T,
Kurosaka M et al (2014) Matching articular surfaces of selected
donor and recipient sites for cylindrical osteochondral grafts of the
femur: quantitative evaluation using a 3-dimensional laser scan-
ner. Am J Sports Med 42:658-664

Nuno N, Ahmed AM (2003) Three-dimensional morphometry of
the femoral condyles. Clin Biomech (Bristol, Avon) 18:924-932
Roos EM, Lohmander LS (2003) The Knee injury and Osteoar-
thritis Outcome Score (KOOS): from joint injury to osteoarthritis.
Health Qual Life Outcomes 1:64

Rossi MJ, Lubowitz JH, Guttmann D (2002) Development and
validation of the international knee documentation committee
subjective knee form. Am J Sports Med 30:152

Sherman SL, Garrity J, Bauer K, Cook J, Stannard J, Bugbee W
(2014) Fresh osteochondral allograft transplantation for the knee:
current concepts. ] Am Acad Orthop Surg 22:121-133

Shin JJ, Haro M, Yanke AB, Mascarenhas R, Romeo AA, Cole
BJ et al (2015) Topographic analysis of the capitellum and distal
femoral condyle: finding the best match for treating osteochondral
defects of the humeral capitellum. Arthroscopy 31:843-849
Tegner Y, Lysholm J (1985) Rating systems in the evaluation of
knee ligament injuries. Clin Orthop Relat Res 198:43-49
Thaunat M, Couchon S, Lunn J, Charrois O, Fallet L, Beaufils P
(2007) Cartilage thickness matching of selected donor and recipi-
ent sites for osteochondral autografting of the medial femoral con-
dyle. Knee Surg Sports Traumatol Arthrosc 15:381-386

Wang D, Jones KIJ, Eliasberg CD, Pais MD, Rodeo SA, Williams
RJ 3rd (2017) Condyle-specific matching does not improve mid-
term clinical outcomes of osteochondral allograft transplantation
in the knee. J Bone Joint Surg Am 99:1614-1620

Ware J Jr, Kosinski M, Keller SD (1996) A 12-Item Short-Form
Health survey: construction of scales and preliminary tests of reli-
ability and validity. Med Care 34:220-233

Williams RJ 3rd, Ranawat AS, Potter HG, Carter T, Warren RF
(2007) Fresh stored allografts for the treatment of osteochondral
defects of the knee. J Bone Joint Surg Am 89:718-726

Wu JZ, Herzog W, Hasler EM (2002) Inadequate placement of
osteochondral plugs may induce abnormal stress-strain distribu-
tions in articular cartilage —finite element simulations. Med Eng
Phys 24:85-97

Yanke AB, Urita A, Shin JJ, Cvetanovich GL, Moran EK, Bach
BR Jr et al (2019) Topographic analysis of the distal femoral con-
dyle articular cartilage surface: adequacy of the graft from oppo-
site condyles of the same or different size for the osteochondral
allograft transplantation. Cartilage 10:205-213

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/01.blo.0000165845.21735.05
https://doi.org/10.1097/01.blo.0000165845.21735.05

	Local curvature mismatch may worsen the midterm functional outcomes of osteochondral allograft transplantation
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Inclusion criteria
	Exclusion criteria
	Surgical technique
	Radiologic evaluation
	Measurement technique
	Clinical evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




