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Abstract
Purpose

Although differences in the results of the bone marrow stimulation technique between the knee
and ankle have been reported, a detailed mechanism for those differences has not been clarified. The
purpose of this study was to examine whether morphological differences between the knee and ankle
joint affect the results of drilling as treatment for osteochondral defects in a rabbit model.
Methods

Osteochondral defects were created at the knee and ankle joint in the rabbit. In the knee,
osteochondral defects were created at the medial femoral condyle (MFC) and patellar groove (PG). At
the ankle, defects were created in the talus at either a covered or uncovered area by the tibial plafond.
After creating the osteochondral defect, drilling was performed. At 4, 8, and 12 weeks after surgery,
repair of the osteochondral defects were evaluated histologically. The proliferation of rabbit
chondrocytes and proteoglycan release of cartilage tissue in response to IL-1B were analyzed in vitro
in both joints.
Results

At 8 weeks after surgery, hyaline cartilage repair was observed in defects at the covered area of the

talus and the MFC. At 12 weeks, hyaline cartilage with normal thickness was observed for the defect
at the covered area of the talus, but not for the defect at the MFC. At 12 weeks, subchondral bone
formation was progressed and a normal contour of subchondral bone was observed on CT in the defect
at the covered area of the talus. No significant differences in chondrocyte proliferation rate and
proteoglycan release were detected between the knee and ankle in vitro.
Conclusions

Our results demonstrate that covered areas of the talus show early and sufficient osteochondral
repair compared to that of the knee and uncovered areas of the talus. These results suggest that the
congruent joint shows better subchondral repair prior to cartilage repair compared to that of the

incongruent joint.
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Introduction

Articular cartilage has a limited ability of repair, and untreated lesions of articular cartilage may
progress to osteoarthritis (OA) [1.2]. Many strategies for the treatment of articular cartilage have been
developed including bone marrow stimulation techniques [3, 4], osteochondral grafts [5], and tissue
engineering approaches [1]. Articular cartilage consists of sparse chondrocytes and dense extracellular
matrix of mainly type 2 collagen and proteoglycans. Articular cartilage lacks blood vessels and nervous
innervation, which makes the repair of articular cartilage difficult [6]. The constitution of the cartilage
differs between joints in individuals, which may result in differences in the results of treatment and the
progression of OA. Several reports have demonstrated constitutional and biochemical differences of
articular cartilage between the knee and ankle [7, 8].

For the repair of articular cartilage, bone marrow stimulation techniques have been performed widely.
Bone marrow stimulation creates blood clots in the area of the defect through methods such as microfracture
or drilling. Results after drilling of the talus have reported good outcome in 80-96% of cases [9-11]. On the
other hand, results after drilling of the medial femoral condyle (MFC) have reported good outcome in 69-
80% of cases [12-14]. As a whole, the results of the talus are better than that of the MFC.

Factors influencing differences in results after bone marrow stimulation between the knee and ankle
have not been explored. As suggested in previous reports, biochemical and constitutional differences
between the knee and ankle cartilage may affect the capacity of the cartilage to repair after bone marrow
stimulation [15]. However, differences in the joint morphology between the knee and ankle should be
examined. As for the knee joint, the femoral condyle and the tibia plateau do not have good congruency,
while the ankle joint has good congruency as a tenon and mortise structure. This difference in joint
morphology may affect the capacity of cartilage repair. OA is induced by cartilage injury, and the incidence
of primary OA is different between the knee and ankle. Symptomatic OA with radiographical signs occurs
about 8-9 times more frequently in the knee than in the ankle joint [16, 17]. OA induced by cartilage injury
may progress due to the degeneration of adjacent cartilage, and catabolic factors, such as inflammatory
cytokines and biomechanical stress, in the cartilage around the defect may affect the progression of OA
after cartilage injury. There may be differences in the chondrocyte response to inflammatory cytokines and
proliferation between the knee and ankle, which may lead to a difference in the progression of OA after
cartilage injury between the knee and ankle joint. Understanding the factors that may contribute to
differences in the outcome of cartilage repair and incidence of OA between knee and ankle may improve
outcome after treatment.

We hypothesize that the repair of articular cartilage in the congruent joint is better than that in the non-
congruent joint. The purpose of this study was to examine differences in cartilage repair after drilling
between the talus (congruent joint) and knee (non-congruent joint) in a rabbit model. In addition, differences

between the knee and ankle as to the proliferation ability of chondrocytes, the production of proteoglycans



(PG), and the reaction of cartilage to IL-1B were also examined in vitro. Together, results may clarify the
roles of morphological and biochemical factors in differences in cartilage degeneration between the knee

and ankle.

Materials and Methods
Rabbits were housed in the research facilities for laboratory animal science. The experimental research

protocol was reviewed and approved by the Hiroshima University ethical committee.

Surgical procedure
Eighteen male Japanese white rabbits (3.0-3.5 kg; Kitayama Labs, Nagano Japan) were used. The
rabbits were anesthetized by intravenous injection of pentobarbital (30 mg/kg) supplemented with
subcutaneous injection of 1% xylocaine. Knees and ankles were depilated and disinfected with 70% alcohol.
Osteochondral defects were created at the MFC of the left knee, patellar groove (PG) of the right knee, and
bilateral tali. For the knee joint, the patella was dislocated laterally through a medial parapatellar approach,
and the osteochondral defect was created at the MFC or PG. The defect site of the MFC was created at the
center and tip of the MFC, a partially weight bearing area. The weight bearing area in the flexed knee of
rabbits is at the inferoposterior aspect [18]. The osteochondral defect of the patellar groove was created at
the center of the groove and under the patella in a flexed position (Fig. 1). Two types of osteochondral
defects were created at the talus (Fig. 2). The osteochondral defect at the center of the left talus was defined
as a covered area (covered talus) that contacts the articular surface of the plafond of the tibia during all
motion of the ankle joint. The osteochondral defect at the posterior of the cartilage area of the right talus
was defined as an uncovered area (uncovered talus). In this area, the talus hardly contacts the surface of the
plafond because the ankle joint of caged rabbits is in dorsiflexion most of the time. For the left talus, a
straight skin incision was applied at the anterior of the joint. After the extensor retinaculum was incised,
arthrotomy was performed and the osteochondral defect of the talus was created. The extensor retinaculum
was repaired. For the right talus, a straight skin incision was applied medial to the Achilles tendon. The
Achilles tendon was dislocated laterally and the osteochondral defect was created at the posterior of the
talus.
The osteochondral defects (3.0 mm in diameter and 2.0 mm in depth) were created using a punch. Drilling

was performed at 4 points using a 0.7 mm Kirschner wire (K-wire) as described previously [19].

Micro-CT and histological evaluation

The animals were sacrificed at 4, 8, and 12 weeks after surgery with an overdose of sodium pentobarbital.
The knee and ankle joints were dissected from the muscle. Distal portions of the femur and talus were
removed and fixed in 10% phosphate buffered formalin (pH 7.0). Micro-CT (Skyscan X-ray

Microtomography 1172, Konitich, Belgium) was performed to evaluate the defect repair. The distal end of



the left femur (MFC) was cut in the sagittal plane, the right femur (PG) was cut in the axial plane, and both
ankles (tali) were cut in the coronal plane. After decalcification in 10% EDTA (Nacalai Tesque, Inc., Kyoto,
Japan) and paraffin embedding, sections (4 pm thick) were cut perpendicular to the joint surface and stained
with Safranin O fast green. Histological evaluation was performed using the Pineda score under a light
microscope (Table 1) [20]. Histological grading was performed by two observers who were not aware of

the source of the samples.

Immunohistochemical evaluation

Sections at 12weeks were pretreated with antigen retrieval reagent (Immunoactive, Matsunami Glass
Ind., Osaka, Japan) for 1 h followed by 0.3% H,O> for 30 min, normal blocking serum for 30 min, and
primary antibody against type 2 collagen (dilution, 1:100; Anti-hCL(II); Daiichi Fine Chemical, Toyama
Japan), type 1 collagen (dilution, 1:250; Novus Biologicals, United States), and MMP-13 (dilution, 1:15;
Neo Markers, California, United States ) overnight at 4°C. The next day, the sections were visualized using
the avidin-biotin system (Vectastain Elite ABC Mouse IgG kit, Vector Laboratories, Inc., Burlingame, CA)
and 3,3’diaminobenzidine (Peroxidase Substrate Kit, Vector Laboratories, Inc.) according to the
manufacturer’s instructions.

To quantitate the immunochemistry results, the number of immune-positive cells in each type of
osteochondral defect was counted in a microscopic field (100um X 100um) under 40X magnification.
Proliferation ability of chondrocytes

Cartilage tissue was obtained from the distal femur and talus. Chondrocytes were isolated from cartilage
tissues and cultured. Tissues were minced and incubated in trypsin (Tryp LE Express; Life Technologies,
Carlsbad, CA) for 15 min at 37°C, after which the cartilage was treated with Dulbecco’s modified eagle’s
medium (DMEM; Gibco BR, Grand Island, New York ,USA) containing 0.2% collagenase (Sigma, St.
Louis, MO) at 37°C for 4 h. Dissociated cells were cultured in DMEM supplemented with 10% fetal bovine
serum (FBS; Biowhittaker, Walkersville, MD, USA) and 100 U/ml of penicillin-streptomycin. After
overnight culture, non-adherent cells were removed, and adherent cells were further incubated in fresh
medium. Chondrocytes were seeded in 96-well plates at a density of 5x103 cells per well in DMEM medium
supplemented with 10% FBS. At 4 h after cell plating, cell proliferation was assessed using a Cell-
CountingKit-8 (Dojindo, Kumamoto, Japan) (4- [3- (4-iodophenyl) -2- (4-nitrophenyl) -2H-5-tetrazolio]-
1,3-benzene disulfonate (WST) assay) at day 1 according to the manufacturer’s instruction. The values,
corresponding to the number of viable cells, were read at OD 450 mm using a Microplate Reader (BioTek
Instrument, Winooski, VT, USA). The cell increase ratios at 2 and 3 days were compared between the femur

and talus.

Production ability of proteoglycans and the Reaction to IL-13

Cartilage tissue was obtained from the distal femur and talar domes. Samples are incubated at 37°C for



72 hin 48 well plates. Each well contained 500 ul of DMEM with 10% FBS and 1% penicillin/streptomycin.
The cartilage samples were washed three times, and cultured at 37°C for an additional 72 h in 500 pl of
serum-free DMEM with IL-1f (1 ng/ml; Peprotech, Rocky Hill, New Jersey, USA) or without IL-1p. The
assay was performed in at least three independent experiments with duplicate wells. The concentration of
the released glycosaminoglycan in the cartilage-conditioned medium was determined using the Blyscan
Glycosaminoglycan assay kit (Biocolor UK) according to the manufacturer’s protocol. Proteoglycan

release quantity with IL-1p/without IL-1p ratio was compared between the femur and talus.

Statistical analysis

The Kruskal-Wallis test was used to analyze the histological scoring data and quantitative values of
immunochemistry among the groups. If a significant difference was obtained, the Steel-Dwass test was
used to perform multiple comparisons between the groups. In vitro data were analyzed using the Mann-
Whitney U-test to determine significant differences between the femur and talus. A P value of <0.05 was

considered significant.

Results
Histological evaluation

At 4 weeks after surgery, osteochondral defect was observed in the MFC and PG with a small amount
of fibrous tissue (Fig. 3a, d). In the covered and uncovered talus, partial subchondral bone repair was
observed and the defect was filled with fibrous tissue (Fig. 3g, j). In the MFC at 8 weeks, hyaline cartilage
repair was observed, but subchondral bone repair was delayed, with cartilage observed at subchondral bone
area (Fig. 3b). In the PG, hyaline cartilage repair was not observed (Fig. 3e). In the covered talus, hyaline
cartilage repair was observed and cartilage at the site of the defect was thicker than adjacent normal cartilage
(Fig. 3h). In the uncovered talus, hyaline cartilage repair was hardly observed (Fig.3k). In the MFC at 12
weeks, the cartilage layer was thickened, but subchondral bone repair was present (Fig. 3¢). In the PG,
hyaline cartilage repair was observed, but the subchondral bone plate repair was delayed and cartilage was
observed on the subchondral plate (Fig. 3f).In the covered and uncovered talus at 12 weeks, the thickness
of the cartilage at the defect was similar to that of adjacent cartilage (Fig. 3i, 1). Thus, hyaline cartilage
repair was observed in the covered talus, but not in the uncovered talus.

Pineda scores are shown in Figure 4. At 4 weeks, the covered and uncovered talus showed significantly
better scores than the MFC (P<0.01). At 8 weeks, the covered talus and the MFC showed significantly
better scores than the PG and the uncovered talus (P<0.01). There was a significant difference between the
PG and the uncovered talus (P<0.01). At 12 weeks, the difference in the Pineda score between the PG and
the uncovered talus was reduced. However, the covered talus and the MFC scored significantly better than

the uncovered talus (P<0.05).



Micro-CT evaluation

On micro-CT evaluation, subchondral bone formation was observed at 4 weeks in the covered talus (Fig.
5j). In the uncovered talus, two samples showed subchondral formation at 4 weeks (Fig. 5n), while no
subchondral formation was observed in the MFC and PG (Fig. 5b, f). At 8 weeks, the covered talus showed
progress in the remodeling of the subchondral plate, and the subchondral plate at the defect was at a similar
level as the adjacent subchondral bone plate (Fig. 5k). Progression of remodeling of the subchondral plate
was also observed in the uncovered talus in three samples (Fig. 50). In the MFC, bone formation of the
subchondral plate was progressed in two samples (Fig. 5c¢), but no sample showed progress in bone
formation of the subchondral plate in the PG (Fig. 5g). At 12 weeks, in the covered talus, subchondral bone
formation was progressed, and a normal contour of subchondral bone was observed (Fig. 51). In the
uncovered talus, subchondral bone formation was progressed, but the level of adjacent subchondral bone
plate was irregular (Fig. 5p). In the MFC, good subchondral bone formation and contour was observed in
all but one sample (Fig. 5d). In the PG, only one sample showed subchondral bone plate formation (Fig.
5h).

Immunohistochemical evaluation

The repair tissue in the covered talus showed the highest immunoreactivity for type 2 collagen of the
samples, and, in the MFC, moderate positive immunoreactivity was observed. In the PG and uncovered
talus, no immunoreactivity was observed. There was significant difference between covered talus and PG,
and covered talus and uncovered talus (p<0.05). Immunoreactivity for type 1 collagen was faint in the MFC,
PG, and the covered talus. The uncovered talus showed only positive staining. The uncovered talus showed
significantly more immunoreactive cells than the MFC and PG (P<0.05). Immunoreactivity for MMP 13
was higher in MFC and PG. The covered talus and uncovered talus showed moderate positive

immunoreactivity. There was significant difference between MFC and uncovered talus (Fig. 6, 7).

Proliferation ability
The proliferation rate of chondrocytes was similar over time (Fig. 8). At day 3, chondrocytes of the talus

tended to proliferate more than chondrocytes of the distal femur, but there was no significant difference.

Production of proteoglycans and reaction to IL-1f3

To determine the quantity of proteoglycan release and the reaction to IL-1p, a proteoglycan release assay
for the distal femur and talus with/without IL-1p was performed. There was no significant difference in
proteoglycan production (P=0.98) (Fig. 9a) or the reaction to IL-1J3 between the distal femur and talus
(P=0.90) (Fig. 9b).

Discussion



Our results demonstrate that osteochondral defects in the covered talus, which has good congruency,
exhibit early and good repair at 12 weeks after surgery, with the cartilage at the defect appearing similar to
adjacent cartilage. Immunoreactivity of covered talus demonstrated hyaline cartilage in the defect site. The
covered talus showed good repair compared to that of the uncovered talus. This indicates that morphological
factors may affect osteochondral repair. The covered talus has high congruency, while the uncovered talus
does not. Decreased joint congruency results in increased contact pressure per area [21]. Congruent joints
can distribute load and reduce the progress of cartilage defects and subchondral cysts. Thus, our results
indicate that cartilage repair of congruent joints (covered talus) is faster and better than that of incongruent
joints (uncovered talus).

In addition, the improved lesion repair of congruent joints compared to that of incongruent joints relates
to subchondral bone repair. Our results indicate that subchondral bone in the osteochondral defect of the
covered talus showed early recovery to the level of adjacent bone, which suggests that good cartilage repair
may be required for early subchondral bone repair. There is a dynamic relationship between cartilage and
subchondral bone, such that an abnormality in either can lead to the loss of balance of the bone cartilage
unit. Damaged subchondral bone cannot support the overlying cartilage [22]. Tidemark advancement and
thickening of the subchondral plate induced by remodeling of injured subchondral bone are early signs of
OA [23]. Shahgaldi et al. reported that contact pressures of reparative articular surfaces were either higher
or lower than normal controls, and suggested that these differences lead to thickness variations of the
surface of repaired tissue and the presence of an abnormal thickness of subchondral plate [24]. Messner
[25] and Shapiro et al. [26] postulated that inadequate subsurface support of the subchondral bone-bed may
be a reason for unsuccessful repair. Thus, the formation of a normal contour of subchondral bone is an
important factor for successful osteochondral repair.

Other important factors of osteochondral repair are the characteristics of the cartilage. Several studies
have shown differences between knee and ankle cartilage. Schumacher et al. demonstrated a difference in
cell distribution between knee and ankle cartilage [27]. Horizontal sections of the superficial zone of the
ankle contain chondrocytes organized into clusters or chondrons of 2-6 cells that lie horizontal to the surface.
This cell clustering is not observed in knee articular cartilage. In the knee, chondrocytes in the superficial
zone exist as single cells or as doublets that are isolated from each other. Chondrocytes in the deep zone of
the ankle are observed as either single cells or doublets. Within the knee, 90% of chondrocytes are present
as single cells, whereas only 3.8% of chondrocytes in the ankle exist as single cells. Chubinskaya and
Aurich demonstrated that the GAG content is significantly higher in the ankle than in the knee [28, 29]. The
GAG content is reduced in OA cartilage, but this may be due to proteoglycan release from the damaged
matrix. In regards to the equilibrium modulus, dynamic stiffness and hydraulic permeability, which define
the ability of the extracellular matrix to withstand compressive loads, are higher in ankle cartilage than in
knee cartilage [30]. Therefore, ankle cartilage has stiffer cartilage and a greater mean compressive modulus

than knee cartilage [31]. The response of ankle chondrocytes to inflammatory molecules is lower than that



in the knee because of differences between transport properties within the ankle and knee. Molecules diffuse
through avascular cartilage and the rate of diffusion is determined by diffusion and partition coefficients.
The diffusion coefficient is similar between the knee and ankle, whereas the partition coefficient is 47%
lower in the ankle than in the knee [32]. Orazizadeh reported a difference of tolerance to biomechanical
stress on the cartilage between the knee and ankle. Marked differences in the relative levels of the aggrecan
gene mRNA are observed in the response of ankle chondrocytes to 20 min of mechanical stimulation at
0.33 Hz within a sealed pressure chamber compared to the response of knee joint chondrocytes. Ankle
chondrocytes are more metabolically active than those of the knee [33]. Deep zone chondrocytes synthesize
more PG and collagen than those in the superficial zones in knee and ankle joints, although there is variation
between the different zones within the cartilage [32, 34, 35]. The incidence of OA in the ankle joint is lower
than that in the knee joint due to these differences between knee and ankle cartilage [36, 37]. However, our
results showed no significant difference in the proliferation of chondrocytes, the production of PG, or the
response to the IL-1 between the knee and ankle cartilage Thus, our results may reflect differences in joint
morphology between the knee and ankle, rather than differences in biochemical properties of cartilage
There are a few limitations to this study. First, this research did not consider sufficiently the influence of
weight bearing. Takahashi et al. reported that loading and unloading in the early phase of cartilage repair
has merits and demerits [38]. Yokota et al. reported that loading at a moderate intensity appears to be
necessary for cartilage maintenance [39]. In our model, the degree of load varies at each defect site.
Therefore, this difference in load on the osteochondral defect site may influence the results of this study.
Second, bone marrow cells from the knee and ankle were not evaluated. The talus of rabbits is very small,
and harvesting bone marrow is difficult. Further investigation of differences in bone marrow cells between
the knee and ankle is needed. Third, in this study, subchondral bone cysts were not evaluated. Loading
compressed cartilage forces its water into subchondral bone that has been drilled, leading to a localized
high increased flow and pressure of fluid in the subchondral bone. This results in local osteolysis and
development of a subchondral cyst. Subchondral cyst formation is assumed to be caused by the damaged
cartilage functioning as a valve [40]. The presence of subchondral bone cysts may affect the results of this
study, but obvious subchondral bone cysts were not observed in either histological or radiographical

evaluation.

Conclusion
Our results demonstrate that the covered talus shows early and good osteochondral repair compared to
that of the knee and uncovered talus. These results suggest that the congruent joint has advantages over the

non-congruent joint for subchondral repair prior to cartilage repair.

Declarations

Ethics approval and consent to participate



The experimental research protocol was reviewed and approved by the Hiroshima University ethical

committee.

Consent for publication

Not applicable.

Availability of data and materials

The data was all shown in the manuscript.

Competing interests

There are no conflicts of interest to declare.

Funding
This work was supported in a part by a grant-in-aid to Prof. Adachi N. for scientific research from the

Ministry of Education, Culture, Sports, Science and Technology, Japan (n0.25253089).

Authors’ contributions

MM performed examination using rat, analysis on all samples, interpreted data, wrote manuscript and
acted as corresponding author. NA and TN supervised development of work, helped in analysis on all
samples and data interpretation and manuscript evaluation, also contributed experiment design and concept.

TK and RS helped to evaluate and edit manuscript. MO helped to evaluate and final proof of the manuscript.

Acknowledgement

None.

References

1. Temenoff JS, Mikos AG. Review: tissue engineering for regeneration of articular cartilage.
Biomaterials. 2000; 21:431-440

2. Brown TD, Johnston RC, Saltzman CL, Marsh JL, Buckwalter JA. Posttraumatic osteoarthritis:  a
first estimate of incidence, prevalence, and burden of disease. J Orthop Trauma. 2006; 20(10):739-744

3. Steadman JR,Rodkey WG, Rodrigo JJ. Microfracture: surgical technique and rehabilitation to treat
chondral defects. Clin Orthop Relat Res. 2001; 391:S362-S369

4. Pridie K. A method of resurfacing osteoarthritic knee joints. J Bone Joint Surg Br. 1959; 41:618-619

5. Lane JM. Joint resurfacing in the rabbit using an autologous osteochondral graft. J Bone Joint Surg
Am. 1977; 59:218-222

6. Abraham L. Kierszenbaum,MD, PhD. Hisotlogy and cell biology: an introduction to pathology, 2nd ed.

10


http://www.ncbi.nlm.nih.gov/pubmed/845208
http://www.ncbi.nlm.nih.gov/pubmed/845208

New York. 2007; pp124-129

7. K. E. Kuettner, A. A. Cole. Review Cartilage degeneration in different human joints. Osteoarthritis and
Cartilage. 2004; 13:93-103

8. Dustin M. Grover, Andrew A. Chen, Hazelwood SJ. Biomechanics of the rabbit knee and ankle:
Muscle, ligament, and joint contact force predictions. Journal of Biomechanics. 2007; 40:2816-2821

9. Saxena A, Eakin C. Articular talar injuries in athletes: results of microfracture and autogenous bone
graft. Am J Sports Med. 2007; 35:1680-1687

10. Lee KB, Bai LB, Chung JY, Seon JK. Arthroscopic microfracture for osteochondral lesions of the
talus. Knee Surg Sports Traumatol Arthrosc.2010; 18:247-253

11. Becher C, Driessen A, Hess T, Longo UG, Maffulli N, Thermann H. Microfracture for chondral
defects of the talus: maintenance of early results at midterm follow-up. Knee Surg Sports Traumatol
Arthrosc.2010; 18:656-663

12. Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill TJ, Rodkey WG. Outcomes of microfracture
for traumatic chondral defects of the knee: average 11-year follow-up. Arthroscopy. 2003; 19:477-484

13. Dzioba RB. The classification and treatment of acute articular cartilage lesions. Arthroscopy. 1988;
4:72-80

14. Lim HC, Bae JH, Song SH, Park YE, Kim SJ. Current treatments of isolated articular cartilage lesions
of the knee achieve similar outcomes. Clin Orthop relat Res. 2012; 470:2261-2267

15. Candrian C, Bonacina E, Frueh JA, Vonwil D, Dickinson S, Wirz D, Heberner M,Jacob M, Martin I,
Barbero A. Intra-individual comparison of human ankle and knee chondrocytes in vitro : relevance for
talar cartilage repair. Osteoarthritis and Cartilage. 2009; 17:489-496

16. Cushnaghan J, Dieppe P. Study of 500 patients with limb joint osteoarthritis. I. Analysis by age, sex,
and distribution of symptomatic joint sites. Ann Rheum Dis. 1991; 50:8-13.

17. Wilson MG, Michet CJ Jr, Ilstrup DM, Melton LJ 3%. Idiopathic symptomatic osteoarthritis of the hip
and knee: a population-based incidence study. Mayo Clin Proc. 1990; 65:1214-1221.

18. Harada Y, Nakasa T, Mahmoud EE, Kamei G, Adachi N, Deie M, Ochi M. Combination therapy with
intra-articular injection of mesenchymal stem cells and articulated joint distraction for repair of a chronic
osteochondral defect in the rabbit. J Orthop Res.2015; 33:1466-1473

19. Kajiwara R, Ishida O, Kawasaki K, Adachi N, Yasunaga Y, Ochi M. Effective repair of a fresh
osteochondral defect in the rabbit knee joint by articulated joint distraction following subchondral
drilling. J Orthop Res. 2005; 23:909-915

20. Pineda S, Pollack A, Stevenson S, Goldberg V, Caplan A. A semiquantitative scale for histologic
grading of articular cartilage repair. Acta Anat. 1992; 143:335-340

21.van Dijk CN, Relingh ML, Zengerink M, van Bergen CJ. Osteochondral defects in the ankle: why
painful? Knee Surg Sports Traumatol Arthrosc . 2010;18:570-580

22. Buckwalter JA,Mankin HJ. Articular cartilage: degeneration and osteoarthritis, repair, regeneration, and

11


http://www.ncbi.nlm.nih.gov/pubmed/12724676
http://www.ncbi.nlm.nih.gov/pubmed/12724676

transplantation. Instr Course Lect. 1998; 47:487-504

23. Qiu YS, Shahgaldi BF, Revell W], Heatley FW. Observation of subchondral plate advancement during
osteochondral repair: a histomorphometric and mechanical study in the rabbit femoral condyle.
OsteoArthritis and Cartilage. 2003; 11:810-820

24. Shahgaldi BF, Amis AA, Heatley FW, McDowell J, Bentley G. Repair of cartilage lesions using
biological implants :a comparative histological and biomechanical study in goats. J Bone Joint Surg. 1991;
73B:57-64

25. Messner K. Hydroxylapatite supported Dacron plugs for repair of isolated full thickness osteochondral
defects of the rabbit femoral condyle: mechanical and histological evaluations from 6-48 weeks. J Biomed
Mater Res. 1993; 27:1527-1532

26. Shapiro F, Koide S, Glimcher MJ. Cell origin and differentiation in the repair of full-thickness defects
of articular cartilage. J Bone Joint Surg. 1993; 75A:532-533

27. Schumacher BL, Su J-L, Lindley M, Kuettner KE, Cole AA. Horizontally oriented clusters of multiple
chondrons in the superficial zone of the ankle, but not knee articular cartilage. Anat Rec. 2002; 266:241-8
28. Chubinskaya S, Kuettner KE, Cole AA. Expression of matrix metalloproteases in normal and damaged
articular cartilage from human knee and ankle joints. Lab Invest. 1999; 79(12):1669-77

29. Aurich M, Mwale F, Reiner A, Mollenhauer JA, Anders JO, Fuhrmann RA, Kuettner KE, Poole AR,
Cole AA. Collagen and proteoglycan turnover in focally damaged human ankle cartilage. Arthritis
Rheumatism. 2006; 54(1):244-52

30. Treppo S, Koepp H, Quan EC, Cole AA, Kuetttner KE, Grodzinsky AJ. Comparison of biomechanical
and biochemical properties of cartilage from human knee and ankle pairs. J Orthop Res.2000; 18:739-48
31. Sheperd DET, Seedhom BB. The “instantaneous’ compressive modulus of human articular cartilage in
joints of lower limb. Rheumatology. 1999; 38:124-32

32. Fetter NL, Leddy HA, Guilak F, Nunley JA. Composition and transport properties of human ankle and
knee cartilage. J Orthop Res. 2006; 24(2):211-219

33. Orazizadeh M, Cartilidge C, Wright MO, Milward-Sadler SJ, Nieman J, Halliday BP, Lee HS, Salter
DM. Mechanical responses and integrin associated protein expression by human ankle chondrocytes.
Biorheology. 2006; 43:249-258.

34. Treppo S, Koepp H, Quan EC, Cole AA, Kuetttner KE, Grodzinsky AJ. Comparison of biomechanical
and biochemical properties of cartilage from human knee and ankle pairs. J Orthop Res. 2000; 18:739-748
35. Huch K. Knee and ankle: human joints with different susceptibility to osteoarthritis reveal different
cartilage cellularity and matrix synthesis in vitro. Arch Orthop Traum Surg. 2001; 121:301-306

36.Felson DT, Naimark A, Anderson J, Kazis L, Castelli W, Meenan RF. The prevalence of knee
osteoarthritis in the elderly: the Framingham Osteoarthritis Study. Arthritis Rheum. 1987; 30:914-918

37. Peyron JG. Epidemiological aspects of osteoarthritis. Scand J Reumatol Suppl. 1988; 77:29-33

38. Takahashi I, Matsuzaki T, Yoshida S, Kitade I, Hoso M. Differences in cartilage repair between loading

12



and unloading environments in the rat knee. J Jpn Phys Ther Assoc. 2014; 17(1):22-30

39. Yokota H, Leong DJ, Sun HB. Mechanical loading: bone remodeling and cartilage maintenance. Curr
Osteoporos Rep. 2011; 9:237-242.

40. Scranton PE Jr, McDermott JE. Treatment of type V osteochondral lesions of the talus with ipsilateral
knee osteochondral utografts. Foot Ankle Int. 2001; 22:380-384.

Figure legends
Fig. 1
Osteochondral defect sites at the knee.

PG, patellar groove, MFC, medial femoral condyle

Fig. 2
Osteochondral defect sites at the talus (schematic illustration)

* covered talus; **, uncovered talus.

Fig. 3
Histological findings of the osteochondral defect of the medial femoral condyle (MFC) (a-c), patellar
groove (PG) (d-f), covered talus (g-i), and uncovered talus (j-1) at 4, 8, and 12 weeks after surgery.

Bidirectional arrows indicate the osteochondral defect. Scale bar, 500pm.

Fig. 4
Results of the Pineda score

*; p<0.05, **; p<0.01. N=6 for each groups.

Fig. 5
Computed tomography findings of osteochondral defects of the medial femoral condyle (MFC) (a-d),
patellar groove (PG) (e-h), covered talus (i-1), and uncovered talus (m-p) at 0, 4, 8, and 12 weeks after

surgery. Arrows indicate the osteochondral defect. Scale bar, 1000pum

Fig. 6
Immunohistochemistry of type 2 collagen, type 1 collagen, and MMP13 in the osteochondral defect of the
medial femoral condyle (MFC) (a-c), patellar groove (PG) (d-f), covered talus (g-i), and uncovered talus

(j-1) at 12 weeks after surgery. Arrows indicate the osteochondral defect. Scale bar, 500pm.

Fig.7

Results of quantitative values of immunochemistry of type 2 collagen, type 1 collagen, and MMP13 in the
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osteochondral defect of the medial femoral condyle (MFC), patellar groove (PG), covered talus (C), and
uncovered talus (UC).

*; p<0.05. N=5 for each groups.

Fig. 8
Results of the chondrocyte proliferation ability of isolated knee and ankle articular cartilage

N.S.; no significant difference.

Fig. 9
Proteoglycan release quantity (a) and reaction to IL-1f (b)

N.S.; no significant difference.

Table 1. Pineda histologic score for cartilage repair. [20]

The score ranged from 0 (normal) to 14 (worst).

Filling of defect
125% 1
100% 0
75% 1
50% 2
25% 3
0% 4

Reconstruction of osteochondral junction

Yes 0
Almost 1
Not close 2

Matrix staining

Normal 0
Reduced staining 1
Significantly reduced staining 2
Faint staining 3
No staining 4
Cell morphology
Normal 0
Mostly hyaline and fibrocartilage 1
Mostly fibrocartilage 2
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Some fibrocartilage, but mostly
non-chondrocytic cells

Non-chondrocytic cells only

Fig.1

Fig.2

calcaneus
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Fig.3
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Fig.5
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Fig.6
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Fig.7
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