
Donor’s site evaluation after restoration with autografts or 
synthetic plugs in rabbits

Konstantinos S Intzoglou, Dimitrios S Mastrokalos, Dimitrios S Korres, Kleo Papaparaskeva, Dimitrios Koulalis, 
George C Babis

Konstantinos S Intzoglou, Laboratory for Research of the 
Musculoskeletal System, University of Athens, Maroussi 14561, 
Greece 
Konstantinos S Intzoglou, Dimitrios S Korres, 3rd Ortopaedic 
University Department, “K.A.T.” Hospital, Maroussi, Athens 
14561, Greece
Dimitrios S Mastrokalos, Dimitrios Koulalis, George C Babis, 
1st Orthopaedic University Department, “ATTIKON” Hospital, 
Haidari, Athens 12462, Greece 
Kleo Papaparaskeva, Pathology department, Konstantinopou-
leion Hospital, Nea Ionia, Athens 14233, Greece
Author contributions: Intzoglou KS performed all the animal 
experiments, designed the protocol and wrote the manuscript; 
Mastrokalos DS designed the protocol; Papaparaskeva K pro-
cessed every specimen after its sacrifice and scored all specimens 
according to the ICRS scoring system; Korres DS helped in 
the writing of the manuscript; Koulalis DS helped in all animal 
experiments and surgeries, designed the protocol and helped in 
writing the manuscript; Babis GC helped in writing the manu-
script and co-ordinated the collection of our data.
Correspondence to: Konstantinos S Intzoglou, MD, PhD, 
Orthopaedic Chief Resident, 3rd Ortopaedic University Depart-
ment, “K.A.T.” Hospital, Maroussi, Athens, TK 14561, 
Greece. kintzoglou@hotmail.com
Telephone: +30-69-46352932  Fax: +30-21-11831083
Received: February 24, 2014    Revised: June 14, 2014
Accepted: June 20, 2014
Published online: September 18, 2014 

Abstract
AIM: To investigate donor site’s area histological and 
immunohistochemical knee cartilage appearances after 
resurfacing iatrogenic defects with biosynthetic plugs 
orautografts. 

METHODS: Thirty New Zealand White rabbits were 
used in this study. A full-thickness cylindrical defect of 
4.5 mm (diameter) × 7 mm (depth) was created with 
a hand drill in the femoral groove of every animal. In 
Group A (n  = 10) the defect of the donor site was re-

paired with a biosynthetic osteochondral plug, in Group B 
(n = 10) with an osteochondral autograft, while in Group 
C (control group of 10) rabbits were left untreated. 

RESULTS: Twenty-four weeks postoperatively, smooth 
articular cartilage was found macroscopically in some 
trocleas’ surfaces; in all others, an articular surface with 
discontinuities was observed. Twenty-eight out of 30 
animals were found with predominantly viable chondro-
cytes leaving the remaining two -which were found only 
in the control group- with partially viable chondrocytes. 
However, histology revealed many statistical differences 
between the groups as far as the International Carti-
lage Repair Society (ICRS) categories are concerned. 
Immunofluoresence also revealed the presence of col-
lagen Ⅱ in all specimens of Group B, whereas in Group 
A collagen Ⅱ was found in less specimens. In Group C 
collagen Ⅱwas not found. 

CONCLUSION: The matrix, cell distribution, subchon-
dral bone and cartilage mineralization ICRS categories 
showed statistically differences between the three 
groups. Group A was second, while group B received 
the best scores; the control group got the worst ICRS 
scores in these categories. So, the donor site area, 
when repairing osteochondral lesions with autografting 
systems, is better amended with osteochondral auto-
graft rather than bone graft substitute implant.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Autografts; Synthetic plug; Osteochondral 
defects; Rabbit model; animal study; Donor site; Im-
munofluoresence; Histological evaluation; International 
Cartilage Repair Society score

Core tip: The donor site during the autografting process 
or during synthetic plugging when dealing with osteo-
chondral defects is usually not well evaluated or ad-
dressed. This is an innovative original article, in which 
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the donor site is repaired with autografts or synthetic 
plugs and after 24 wk it is histologically and immuno-
histochemically evaluated and compared.
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INTRODUCTION
Many different methods have been documented in lit-
erature, trying to restore articular cartilage. In the 1950’s, 
the first attempts were made to restore articular cartilage 
using skin. Even though since then, much progress has 
been made[1-6], there is still lacking evidence in how to 
best manage these lesions. The avascular and denervated 
environment, the immobility of  chondrocytes and the 
limited ability of  mature chondrocytes to proliferate, are 
considered as the main reasons that obstruct intrinsic ar-
ticular regeneration[7-9].

An abundance of  surgical techniques, each with their 
advantages and disadvantages, have been developed in 
order to repair articular cartilage defects. The choice 
of  treatment usually depends on the surgeon’s prefer-
ence and the size of  the lesion. The current treatments 
include: (1) palliative (debridement), marrow stimulating 
techniques (microfractures, drilling, abrasion) and transfer 
of  osteochondral unit (autograft or allograft) for lesions 
up to 2.5 cm2; and (2) for lesions bigger than 2.5 cm2 , use 
of  chondrogenic potential cells (autologous chondrocyte 
implantation) and osteochondral allografts[10].

Increasing interest appears in one-time surgery tech-
niques as they provide shorter recovery time, with the 
transfer of  an entire osteochondral autograft being the 
most appealing[2-6,9,11]. Autografting represents a reason-
able solution for osteochondral defects. In the most wide-
spread system of  mosaicplasty, an osteochondral cylindri-
cal graft is received from a healthy region (donor site) and 
after appropriate preparation of  the osteochondral defect 
region with special instrumentation, it is inserted in the 
recipient site (osteochondral defect). The donor site, de-
pending on the surgeon’s preference remains uncovered, 
is covered with biosynthetic implant or is covered with 
the autograft been taken from the defect region.

To date, the histological faith of  the donor site re-
mains unanswered. No consensus exists regarding the 
best approach to achieve optimal results[4-6,9,12]. The do-
nor site, could be a major source of  pain. Nonetheless, 
it is underestimated because all surgeons and all reports 
focus on the damaged area. We performed a controlled 
laboratory animal study in order to find an answer about 
the faith of  the donor site region. In order to identify the 
method which achieves the best outcomes for the Inter-
national Cartilage Repair Society (ICRS) scoring system, 

and which ends up expressing more collagen of  type Ⅱ
(marking the presence of  hyaline cartilage) we used a rab-
bit model[13] where the same standardized cartilage defect 
was treated with three different options; bone graft sub-
stitute (BGS) plug, osteochondral autograft transplanta-
tion and conservative approach. Our null hypothesis was 
that there would be no significant difference between the 
control, the OA and the BGS group. P value < 0.05 was 
deemed to indicate statistical significance.

MATERIALS AND METHODS
The following controlled laboratory study was approved 
by the local veterinarian department and the scientific 
committee of  our University’s laboratory. Thirty male, 
New Zealand White rabbits, which were 3 mo old and 
had a mean weight of  3.8 kg (range, 3.5 to 4 kg) were 
used in this study. Under moderate sedation we adminis-
trated Ⅳ ketamine to achieve general anesthesia accord-
ing to a previously published protocol[14]. The rabbits 
were placed in the supine position and have had their 
right leg shaved and sterilized. A 4-cm medial parapatel-
lar arthrotomy was made and the patella was dislocated 
laterally. Thus, the femoral condyles and groove were 
exposed. The region of  the femoral groove, which con-
tacted with the patella when the knee was flexed at 90o, 
was selected as the site for the osteochondral defect[15]. A 
full thickness osteochondral defect, using the smallest in-
strument of  the provider (Smith and Nephew, Memphis, 
Tennessee) was made using a hand drill, leading to a de-
fect of  4.5 mm in diameter and 7 mm depth. The defect 
was then carefully debrided of  any cartilaginous remnants 
and was dilated with a 5 mm dilator, at the same time the 
bottom of  the defect was flattened under the slight load 
of  the dilator. During the drilling process, the depth was 
checked continuously for an accurate depth of  7 mm. All 
implants were inserted press-fit without any additional 
fixation or glue. The rabbits were divided into 3 groups (10 
per group) depending on the treatment method used for 
cartilage repair, In group A, the defect was reconstructed 
using the Smith and Nephew’s TruFit (Memphis, Tennes-
see) BGS (Bone Graft Substitute) plug of  5 mm in diam-
eter and of  7 mm height, which is a composite material 
of  polylactide-co-glycolide, calcium sulfate and polygly-
colide fibers. Special attention was paid in order to apply 
the graft equally to the host cartilage surface, following 
the specific guidelines of  the manufacturer. In group B, 
an osteochondral autograft (OA), 5 mm in diameter and 
of  7 mm height, harvested from an area above the recipi-
ent site of  the same femoral groove was used to restore 
the cartilage lesion[5,9], following the “mosaicplasty” surgi-
cal technique initially described by Hangody et al[16]. The 
donor area was selected in a manner that a minimum 
critical space of  3 mm was left between the host and the 
donor area. The region of  the donor site of  this group 
had had its cartilage disrupted and destroyed with a cu-
rette before harvesting. This was done in order to mimic 
the unhealthy cartilage seen when osteochondral auto-
graft transfer system (OATS) is performed. In the control 
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group (group C) the defect was left untreated.
The capsule was closed with simple interrupted su-

tures (3-0 absorbable), followed by skin closure with a 
running subcuticular suture (4-0 absorbable). All rabbits 
underwent a perioperative course of  enterofloxin, with 
post-operative pain control using aspirin. All surgical pro-
cedures were made by the same surgeon.

Macroscopic/Histological evaluation
All evaluations were made by the same assessor, who was 
blind to the procedure used in each specimen. After 24 
wk the animals were sacrificed using a lethal dose of  phe-
nobarbital Ⅳ injection under general anesthesia, which 

was achieved using the protocol of  the surgery[4,14]. The 
type and degree of  integration of  reparative tissue were 
evaluated. Joint surfaces were grossly examined (Figure 
1). Repair tissue was assessed macroscopically according 
to the ICRS recommendations[7]. ICRS Visual Histologic 
Assessment Scale is used to histologically evaluate the 
repaired lesions[18,19]. For macroscopic assessment 3 main 
characteristics are evaluated: (1) the defect depth com-
pared with the surrounding cartilage (control group) and 
the survival of  the initially grafted surface (BGS plug and 
the autograft); (2) the integration of  the repaired tissue 
to the border zone (size of  the gap); and (3) the macro-
scopic appearance of  the repair tissue surface (smooth, 
fissured, degenerated, etc.).

After macroscopic evaluation distal thirds of  all fe-
murs were removed and placed for 2 d in 10% neutral 
buffered formalin. Specimens were decalcified and fol-
lowed the routine procedure of  dehydration of  tissues 
and were embedded in paraffin. 1.5 μm thickness sec-
tions were stained for hematoxylin and eosin stain (H and 
E). The histochemical stains (Toluidine Blue and Wan-
Giesson) as well as immunohistostaining with antibodies 
against collagen type Ⅱ (Dako A/S, Denmark) were per-
formed, as long as the extend of  collagen type Ⅱ in car-
tilage is considered a marker of  degree of  differentiation 
towards hyaline cartilage[12,18-20]. Each H and E sample 
took a score according to the ICRS scoring system[7,18] 

(Table 1). A total of  30 knees underwent histological 
evaluation.

Statistical analysis
Data were analyzed using SPSS ver.16. Histological grad-
ing scores were analyzed statistically using the Kruskal-
Wallis and the Mann-Whitney test. Categorical variables 
(surface and cartilage mineralization) were analyzed using 
the χ 2 test. 

RESULTS
Twenty-four weeks after surgery the rabbits were sacri-
ficed and the repaired site was examined macroscopically, 
histologically and immunohistochemically for an overall 
assessment, of  whether bone graft substitute is better 
graft than the autograft. All rabbits were left free to move 
in their cages postoperatively. No evidence of  postop-
erative infection at the wound site was observed, and all 
wounds healed uneventfully. No rabbit died before the 
scheduled sacrifice time. 

Macroscopic findings
In group A, the grafted areas were well recognized with 
distinct margins and a reddish appearance. The surface 
was opaque, almost smooth and seemed well incorpo-
rated with the surrounding, healthy cartilage. The BGS 
plug was even with the host articular surface (Figure 1A). 
In group B, femurs the margins between the host and the 
repaired tissue were not easily discerned. The grafted area 
had a light yellow, smooth, continuous surface (Figure 
1B). In group C, the defects sites seemed to be filled with 

552 September 18, 2014|Volume 5|Issue 4|WJO|www.wjgnet.com

A

B

C

Figure 1  Group. A: Group A. The black arrow marks the junction between the 
host- on the right- and the transplanted cartilage on the left. The surface is ir-
regular. No hyaline cartilage is produced. A foreign body reaction to the BGS is 
observed (HE, × 200); B: Group B. The black arrow marks the junction between 
the host- on the right- and the transplanted cartilage on the left. The surface is 
smooth. Hyaline cartilage is observed (HE, × 200); C: Control group. The black 
arrow marks the junction between the host- on the right- and the transplanted 
cartilage on the left. The surface is smooth but not even. The defect is repaired 
with fibrous tissue. No hyaline cartilage is observed (HE, × 200).
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comparisons (group A vs group B, the A vs the control 
group and the B vs the control group) no significant dif-
ference was noted as far as the surface category is con-
cerned. No significant difference was observed when 
comparing all three groups per two for the cell viability 
category, as well (Table 3).

DISCUSSION
A lot of  basic research in articular cartilage repair has 
been conducted[16,21,22]. The purpose of  this study was 
to evaluate and compare three options when restoring 
osteochondral defects with OATS (mosaicplasty) in a 
rabbit model. We used an animal model, which under-
went repair of  an osteochondral lesion, created by a hand 
drill, with specified diameter and depth. It is known that 
cartilage defects smaller than 4 mm tend to heal spon-
taneously into cartilage in the rabbit model[23]. In order 
to prevent spontaneous healing, we designed a protocol 
which included a larger defect. With an exact-fit plug of  
prespecified measurements, but different composition 
(OA or BGS) we repaired the site, or left it without inter-
vening (control group). The patella, tibial plateau and me-
nisci did not show any increased degenerative changes as 
a result of  articulating against the donor or recipient sites 
of  the osteochondral grafts a finding which comes in 
agreement with the Lane et al[5] findings. Our transplanted 
grafts had a similar gross macroscopic appearance at 
the sacrifice time as the one 24 wk before; an observa-
tion stated by Lane et al[5], though for a shorter period 
of  time (12 wk). We managed to successfully transfer an 
osteochondral plug with maintenance of  cellular viability 
which was also recorded by Lane et al[5] in the goat model 
12 wk post-operatevely. 

The underlying subchondral bone appeared to undergo 
a routine fracture healing, while the superficial cartilage layer 
appeared to interdigitate with the host cartilage. Lane et al[5] 
stated the presence of  a cleft between the host and the 
transplanted cartilage in the goat model 12 wk post-oper-
atevely, while Nam et al[9] in the rabbit model found that 
the interdigitation of  the cartilage is not in all sides of  the 
chondral part 12 wk post-operatevely. Nakaji et al[24] report 
a fracture healing process after the implantation of  the 
graft with “improvement of  the continuity of  the articular 

white to reddish, soft, irregular tissue. This repair tissue 
almost filled the defects, which were grossly distinguish-
able from the surrounding tissue and had irregular sur-
faces (Figure 1C). No apparent synovitis and no degener-
ative changes on the opposing articular surfaces in either 
the tibiofemoral or patellofemoral joints were observed 
in any of  the three groups.

Histological/immunohistochemical evaluation and 
statistical results
The mean scores of  each group for each ICRS category 
are summarized in Table 1. Immunohistostain evaluation 
with collagen type Ⅱ antibodies can be seen in Table 2. 
Significant differences were found between the groups 
for the ICRS categories of  matrix, cell distribution and 
subchondral bone (Table 3). Furthermore, there was sig-
nificant difference in the mineralization category (Table 
3). No significant difference was found between the three 
groups for the surface and viability ICRS categories.

Significant difference was found in the ICRS cat-
egories matrix, cell distribution, and subchondral bone 
between the OA and BGS group, with the OA group 
showing much improved healing. Comparing the OA and 
the control group significant differences were also found 
in the same ICRS categories; the OA got better outcome 
measures than the control group. In the comparison be-
tween the BGS and the control group significant differ-
ence was observed only in the cell distribution category, 
with the BGS group receiving a better score. 

Utilizing the χ 2 test in order to make the same three 

BGS group OA group Control group

  Surface (0,3) 1.2 ± 1.55 1.5 ± 1.58 0.9 ± 1.45
  Matrix (0-3) 1.6 ± 1.35 3 0.7 ± 0.67
  Cell distribution (0-3) 0.7 ± 0.82 2 0.1 ± 0.32
  Cell viability (0,1,3) 3 3 2.6 ± 0.84
  Subchondral bone (0-3) 1.4 ± 0.84 2 0.9 ± 1.19
  Cartilage mineralization (0,3) 1.2 ± 1.55 3 0.6 ± 1.26

Table 1  Mean international cartilage repair society scores per 
category and standard deviation of all groups

The mean scores are presented in bolt letters, while the standard deviation in 
simple ones. BGS: Biosynthetic graft substitute. OA: Osteochondral autograft.

Presence of 
collagen Ⅱ

Presence of 
collagen Ⅱ

Presence of 
collagen Ⅱ

  Α1 Yes Β1 Yes C1 No
  Α2 No Β2 Yes C2 No
  Α3 Yes Β3 Yes C3 No
  Α4 No Β4 Yes C4 No
  Α5 No Β5 Yes C5 Yes
  Α6 Yes Β6 Yes C6 No
  Α7 Yes Β7 Yes C7 No
  Α8 Yes Β8 Yes C8 No
  A9 No Β9 Yes C9 No
  A10 Yes Β10 Yes C10 No

Table 2  The presence of collagen type Ⅱ is verified or not 
with the antibodies for collagen type Ⅱ

BGS vs  OA 
group

BGS vs  control 
group

OA vs  control 
group

  Surface     0.6531  0.6391  0.3611

  Matrix    0.005 0.142         0
  Cell distribution    0.001 0.049         0
  Cell viability          1 0.146 0.146
  Subchondral bone  0.03 0.285 0.024
  Cartilage mineralization   0.031  0.3291  0.0001

Table 3  P  values for each pair of groups’ comparison 
separately

1These P values are calculated using the χ 2 test, while the others with 
Kruskal-Wallis or Mann-Whitney test. P < 0.05 was statistically significant. 
OA: Osteochondral autograft; BGS: Bone graft substitute.
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cartilage surface after the 12th week, which is then almost 
as normal”. Makino et al[6] reported full embedding of  the 
autograft in the rabbit model 24 wk post-operatively; an 
observation which comes in agreement with our findings.

In group B, we noticed subchondral bone healing with 
excellent trabecular interdigitation with the host bone, 
something that has been published before by Lane et al[5] 
and Nam et al[9]. We did not notice any difference on the 
thickness of  the chondral part of  the graft, compared to 
the host cartilage. It is well known that as the cartilage 
matures it becomes thinner and the number of  cells de-
creases[25,26]. Makino et al[15] reported an increase of  the 
thickness of  the chondral part of  the graft 24 wk post-
operatevely, when - due to their technique- the implanted 
graft was slightly undersized of  the host lesion. When 
they used slightly oversized graft they did not notice any 
thickness differences. It can be assumed that the initial 
stability of  the graft was obtained because the size of  the 
graft was slightly larger than the created defect. It should 
be pointed out that our donor site has less thickness 
cartilage. Thus, a stable graft changes its biomechanical 
properties in order to meet the loading needs of  the area 
that it is transplanted to. Consequently, the graft is adapt-
ed to the biomechanical properties of  the host cartilage.

The quality of  the healing response of  the control 
group was not good. The defect was clearly differ-
ent from the surrounding cartilage, had a white to red-
brownish appearance, was softer in palpation and had 
irregular surface. This observation comes in agreement 
with previously published data[9,15]. The host surround-
ing cartilage maintained its normal structure 24 wk post-
operatively, something stated by Nam et al[9] (12 wk post-
op), Lane et al[5] (12 wk post-op) and Makino et al[6,15] (12 
and 24 wk post-op) also.

The articular surface 24 wk post-operatively presented 
with no significant difference between the three groups, as 
far the smoothness is concerned. Thus, it has been clearly 
shown that the congruity of  the articular surface can be 
preserved excellently if  the plug is perfectly grafted to the 
defect. However, the histological examination of  the re-
paired site revealed differences between the three groups. 
The ICRS categories of  matrix, cell distribution, subchon-
dral bone and mineralization had significant differences, 
with the group B receiving the best scores, group A be-
ing second and the control group getting the worst ICRS 
scores in these categories. The absence of  significant 
difference when comparing the three groups, as far as the 
surface category and the cell viability are concerned, states 
that the good macroscopic appearance of  the repaired site 
and the viability of  the graft do not imply an equally his-
tologically and immunochemically healthy graft.

This study has provided some new data and insights 
but also has some limitations. One limitation concerns 
the rabbit model. It is not an entirely suitable animal 
model to study articular cartilage repair procedures in 
preclinical studies. Hunziker noted that “the matrix do-
main sustained and remodeled by an individual cellular 
unit is, in the human, approximately 8 to 10 times larger 
than that in the rabbit”[27]. It likely would lead to substan-

tial enhancement in the rabbit to maintain surrounding 
cartilage compared to the human. Nevertheless, the rab-
bit is probably the most often used model for economic 
reasons and the literature contains interpretations based 
on rabbit data. Although we believe our rabbit model rep-
resents the clinical situation, cartilage repair procedures 
using this model should still be interpreted with caution 
before proceeding to clinical studies and conclusions.

Another limitation is that the defects were located on 
the trochlear of  the rabbits. The trochlear were selected 
in order for us to have the critical space to create a 5 mm 
cylindrical defect. The patellofemoral joints of  rabbits 
have some degree of  compressive force because the rab-
bit knees are always in the flexed position. However, no 
direct weight bearing appears in the patellofemoral joint. 
To find animal knees that resemble the human knee in 
terms of  biomechanics, we would have to use bigger ex-
perimental animals. Also, when autografting our animal 
model suggests an osteochondral repair with an autograft 
that has been iatrogenically destroyed, whereas in clinical 
practice the defect from the donor site (which actually is 
the recipient site of  the healthy osteochondral graft) is 
degenerative most of  the times.

Previous studies report no degeneration of  the graft-
ed autologous osteochondral graft in 12 wk[9]. We saw no 
degeneration of  the graft in 24 wk either, an observation 
that agrees with previous reports for other experimental 
animals in the literature[4,6]. Further investigation concern-
ing the histological, mechanical and immunohistochemi-
cal properties of  grafted cartilage needs to be done to 
verify the longer effects of  OA and BGS transplantation, 
bearing always in mind that in the clinical situation a 
transplanted knee with osteochondral problems contin-
ues to improve even after 6 mo post-operatively.

In a conclusion, we repaired full-thickness defects with 
three different ways. We compared the results per two, 
showing that outcomes of  the OA graft were significantly 
better than those reported with the BGS, which in turn 
was significantly better than the control group, shooting 
this way down our initial hypothesis. Therefore, the do-
nor site in mosaicplasty technique is better amended with 
osteochondral autograft rather than with BGS implants. 
Choice of  procedure lies upon donor size morbidity, le-
sion’s size, quality and viability of  the present cartilage, 
knee’s overall evaluation (possible meniscal lesions, rup-
ture of  ACL, etc.) and surgeon’s preference. Other strate-
gies as well are under investigation, that deserve our atten-
tion and more thorough experimental studies[28,29].

ACKNOWLEDGMENTS
The current experimental work took place in the Labora-
tory for Research of  the Musculoskeletal System, Univer-
sity of  Athens, KAT Hospital, Maroussi, 14561, Athens.

COMMENTS
Background
Autografting is a well known option as far as resurfacing osteochondral defects 

 COMMENTS

Intzoglou KS et al . Synthetic or autologous plug in donor site in a rabbit model



555 September 18, 2014|Volume 5|Issue 4|WJO|www.wjgnet.com

ticular cartilage lesions of the knee: a systematic review. Am 
J Sports Med 2009; 37 Suppl 1: 148S-155S [PMID: 19934442]

12	 Roberts S, Menage J, Sandell LJ, Evans EH, Richardson JB. 
Immunohistochemical study of collagen types I and II and 
procollagen IIA in human cartilage repair tissue following 
autologous chondrocyte implantation. Knee 2009; 16: 398-404 
[PMID: 19269183]

13	 Hurtig M, Buschmann M, Fortier L. Preclinical Studies for 
Cartilage Repair. Recommendations from the International 
Cartilage Repair Society. Cartilage 2011; 2: p137-152

14	 Borkowski R, Karas AZ. Sedation and anesthesia of pet 
rabbits. Clin Tech Small Anim Pract 1999; 14: 44-49 [PMID: 
10193045]

15	 Makino T, Fujioka H, Terukina M, Yoshiya S, Matsui N, Ku-
rosaka M. The effect of graft sizing on osteochondral trans-
plantation. Arthroscopy 2004; 20: 837-840 [PMID: 15483545]

16	 Hangody L, Kish G, Kárpáti Z, Szerb I, Udvarhelyi I. Ar-
throscopic autogenous osteochondral mosaicplasty for the 
treatment of femoral condylar articular defects. A prelimi-
nary report. Knee Surg Sports Traumatol Arthrosc 1997; 5: 
262-267 [PMID: 9430578 DOI: 10.1007/s001670050061]

17	 Koulalis D, Schultz W, Heyden M, König F. Autologous 
osteochondral grafts in the treatment of cartilage defects of 
the knee joint. Knee Surg Sports Traumatol Arthrosc 2004; 12: 
329-334 [PMID: 14513209]

18	 Mainil-Varlet P, Aigner T, Brittberg M, Bullough P, Hol-
lander A, Hunziker E, Kandel R, Nehrer S, Pritzker K, Rob-
erts S, Stauffer E. Histological assessment of cartilage repair: 
a report by the Histology Endpoint Committee of the Inter-
national Cartilage Repair Society (ICRS). J Bone Joint Surg Am 
2003; 85-A Suppl 2: 45-57 [PMID: 12721345]

19	 Mainil-Varlet P, Van Damme B, Nesic D, Knutsen G, Kandel 
R, Roberts S. A new histology scoring system for the assess-
ment of the quality of human cartilage repair: ICRS II. Am J 
Sports Med 2010; 38: 880-890 [PMID: 20203290]

20	 Moriya T, Wada Y, Watanabe A, Sasho T, Nakagawa K, 
Mainil-Varlet P, Moriya H. Evaluation of reparative cartilage 
after autologous chondrocyte implantation for osteochon-
dritis dissecans: histology, biochemistry, and MR imaging. J 
Orthop Sci 2007; 12: 265-273 [PMID: 17530379]

21	 Outerbridge HK, Outerbridge AR, Outerbridge RE. The use 
of a lateral patellar autologous graft for the repair of a large 
osteochondral defect in the knee. J Bone Joint Surg Am 1995; 
77: 65-72 [PMID: 7822357]

22	 Pearce SG, Hurtig MB, Clarnette R, Kalra M, Cowan B, Min-
iaci A. An investigation of 2 techniques for optimizing joint 
surface congruency using multiple cylindrical osteochondral 
autografts. Arthroscopy 2001; 17: 50-55 [PMID: 11154367]

23	 Lietman SA, Miyamoto S, Brown PR, Inoue N, Reddi AH. 
The temporal sequence of spontaneous repair of osteo-
chondral defects in the knees of rabbits is dependent on the 
geometry of the defect. J Bone Joint Surg Br 2002; 84: 600-606 
[PMID: 12043787 DOI: 10.1302/0301-620X.84B4.11631]

24	 Nakaji N, Fujioka H, Nagura I, Kokubu T, Makino T, Sakai 
H, Kuroda R, Doita M, Kurosaka M. The structural proper-
ties of an osteochondral cylinder graft-recipient construct on 
autologous osteochondral transplantation. Arthroscopy 2006; 
22: 422-427 [PMID: 16581455]

25	 Mankin HJ, Mow VC,Buckwalter JA. Form and function of 
articular cartilage. In Simon SR, ed. Orthopaedic basic sci-
ence. Chicago: American Academy of Orthopaedic Surgeons, 
1994; 1-44

26	 Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. 
Autologous chondrocyte implantation and osteochondral 
cylinder transplantation in cartilage repair of the knee joint. 
A prospective, comparative trial. J Bone Joint Surg Am 2003; 
85-A: 185-192 [PMID: 12571292]

27	 Hunziker EB, Kapfinger E, Geiss J. The structural architec-
ture of adult mammalian articular cartilage evolves by a 
synchronized process of tissue resorption and neoformation 

is concerned. Usually the donor site when not left empty, is covered with an 
autograft or a biosynthetic plug. The donor site area, though a possible source 
of postsurgical pain, is not well investigated.
Research frontiers
There are controversial publications in the area. Everybody agrees about the 
fate of the autografts (inferior than hyaline cartilage) but the fate of the synthetic 
plugs is not universally agreed. Depending on the post-surgery time and on the 
publication, synthetic plugs appear in the literature with hyaline-like cartilage to 
fibrous tissue.
Innovations and breakthroughs
This is the first study to the knowledge that deals with the donor site area of the 
autografting procedure.
Applications
This study proves that the donor site area is better amended with autografts 
than synthetic plugs. So, when available, an autograft-though its surface in-
jured- could be used for the donor site area.
Terminology
ICRS score: International Cartilage Repair Society scoring system, which evalu-
ates and scores cartilage appearences in the microscope. BGS: Biosynthetic 
Graft Substitute.
Peer review
This is an excellent study evaluating 2 different methods of repairing the donor 
site following knee cartilage resurfacing. The authors concluded that the donor 
site in mosaicplasty technique is better amended with osteochondral autograft 
rather than with BGS implants. The manuscript is well written and easy to follow.
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