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Original Article

Introduction

Management of cartilage defects poses problems because 
of the avascular nature of the cartilage tissue and the limited 
proliferation capacity of chondrocytes.1 Although many 
management modalities have been described, a method that 
maintains the biomechanical characteristics of the cartilage 
for a long time and promotes the formation of new cartilage 
tissue that remain healthy is not yet available. Currently, 
microfracture technique, autologous chondrocyte transplan-
tation, and mosaicplasty have gained wide acceptance.1 
Microfracture technique is based on the differentiation of 
bone marrow stem cells to chondrocytes for repairing the 
chondral defect.2 This method is a relatively simple, cheap, 
and minimally invasive technique that can be performed in 
one session.2 On the one hand, comparable outcomes are 
possible with either microfracture technique or autologous 
chondrocyte transplantation.3 On the other hand, some studies 

have reported insufficient differentiation of stem cells with 
microfracture resulting in fibrocartilagenous repair tissue 
formed on the defect site without regeneration of hyaline 
cartilage, which essentially determines the quality of repair.4 
However, Steadman et al.2 indicated that tissue developed 
after microfracture repair is a mixture of fibrous and hyaline 
cartilage tissue, and the repair process occurring in the 
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Abstract

Objective: Tissue repair that occurs after microfracture does not include hyaline-like cartilage. Therefore, other treatment 
modalities must be combined with microfracture to improve repair tissue quality. In this study, we combined exogenous 
hyaluronic acid with microfracture. Design: Thirty mature New Zealand rabbits were randomly divided into 3 groups as 
control, microfracture (MF), and microfracture and hyaluronic acid (MFHA). Four-millimetre full-thickness cartilage 
defects were created in the medial femoral condyle of each rabbit. Microfracture was performed on defects in the MF and 
MFHA groups. At 1 week following surgery, 1 mL of saline was injected into the knees of the control and MF groups, whereas 
1 mL (15 mg/mL) hyaluronic acid was injected into the knees of the MFHA group 3 times weekly. At 6 months postsurgery, 
defects were evaluated according to the ICRS (International Cartilage Repair Society) and Wakitani scales. Results: According 
to the ICRS and Wakitani scales, the quality of repair tissue was improved in MF and MFHA groups as compared the 
control group (P = 0.001 and 0.001, respectively). No significant difference was observed between the MF and MFHA groups 
(P = 0.342). Conclusions: According to the model in this study, no beneficial effect was obtained when HA injection was 
combined with microfracture in the treatment of full-thickness cartilage defects.
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defect site can last for nearly 2–3 years, with tissue formed 
during this period undergoing physiologic remodeling. In 
addition, some investigators have also stated that new 
modifications should be added to the microfracture tech-
nique with the intention of decreasing the prolonged dura-
tion of physiologic remodeling and improving the quality of 
the repair tissue.2,5

Hyaluronic acid (HA) is a substance found in normal 
synovial joints with favorable effects on lubrication, chon-
droprotection, and maintenance of glycosaminoglycan 
stability.6 It is a widely used exogenous method for the 
management of osteoarthritis. The antiinflammatory, ana-
bolic, analgesic, and chondroprotective effects of HA have 
long been recognized.6 In one study, HA was shown to 
increase the proteoglycan content of cartilage and promote 
DNA replication resulting in an enhancement of chondro-
cyte proliferation.7 Hagewald et al.8 suggested that HA 
might increase formation of the extracellular matrix by 
ensuring differentiation of matrix cells into mesenchymal 
stem cells.

Kang et al.9 reported that one-time HA injection after 
microfracture improves quality of the repair tissue. 
However, this study relied on observational results rather 
than quantitative reports. Strauss et al.10 stated that although 
the quality of repair tissue does not significantly improve at 
the end of 6 months after 3 HA injections, other cartilagi-
nous tissues outside of the repair site showed less degeneration. 
A study consisting of subchondral drilling and concomitant 
HA injection revealed an improvement in repair tissue; 
however, the short period of HA action time was reported as 
a major disadvantage.11

The objective of the current study is to investigate 
whether HA injections are effective in enhancing the qual-
ity of repair tissue after microfracture. If HA improves the 
quality of repair tissue regenerated after the application of 
the microfracture technique, then it might be included in the 
clinical management protocol so as to increase the success 
rate of the microfracture technique.

Materials and Methods
The study was performed on >6-month-old 30 New Zealand 
mature rabbits following approval of the local ethics com-
mittee. The rabbits were randomly allocated to 3 groups, 
each consisting of 10 animals as control, microfracture 
(MF), and microfracture and HA (MFHA).

Surgical Procedure
The rabbits were anesthetized with 10 mg/kg ketamine and 
8 mg/kg xylazine. For prophylaxis, 20 mg/kg intramuscular 
cephazoline sodium was used. The right hind leg of each 
rabbit was shaved, stained with antiseptic solution, and 
covered with a sterile drape. The knee joint was entered 

through an anterior midline longitudinal incision. After 
medial parapatellar arthrotomy, the patella was luxated 
laterally to expose the knee joint completely. In all animals, 
a full-thickness cartilage defect was created on the weight-
bearing surface of the medial femoral condyle, without 
injuring subchondral bony structure, under proper magnifi-
cation using a 4-mm dermal punch and a special curette. 
During formation of the defect, special care was used to 
protect the subchondral bony structure and avoid any bleed-
ing from the base of the defect. In the control group, the 
defect was not subject to any additional interventions. In 
groups MF and MFHA, 2-mm-deep microfracture holes 
were created using a 0.5-mm Kirschner wire on the defect 
region beginning from the periphery to the center of the 
defect, leaving intact tissue between the holes. From each 
hole, bleeding was ensured. For each defect, 4 holes were 
created. Later, the patella was reduced and arthrotomized, 
and then skin incisions were closed with continuous 4,0 
Vicryl (Ethicon, San Angelo, TX) and 4,0 Prolene (Ethicon) 
sutures. After the intervention, no activity restrictions were 
applied to the rabbits. For analgesia, 1–2 mg acetamino-
phen was added to 100 mL of the drinking water. Oral 
feeding was permitted ad libitum, and rabbits were fed with 
standard rabbit chow.

In the MFHA group, 1 mL intraarticular HA (15 mg/
mL, Orthovisc, Anika Therapeutics, Bedford, MA) injec-
tions were started at the first postoperative week and were 
continued on the basis of 1 injection per week for a total of 
3 weeks. In the control and MF groups, 1 mL physiologic 
saline was injected into the corresponding knee joints of 
the rabbits at identical time points.

Evaluations
At 6 months postsurgery, the rabbits were sacrificed and 
histopathological examinations were performed. The distal 
part of the right femur of each rabbit was dissected away 
from soft tissues and the tibia and incubated first in 10% 
formaldehyde followed by 10% EDTA for decalcifica-
tion. Finally, samples were embedded in paraffin blocks. 
Afterwards, five 4-µm sections were obtained from the 
frontal plane of each prepared block and stained with 
hematoxylin–eosin and safranin O. Stained sections were 
evaluated quantitatively according to ICRS (International 
Cartilage Repair Society)12 and Wakitani criteria.13 The ICRS 
scale consists of parameters related to surface, matrix, 
cellular distribution, cell population viability, subchondral 
bone, and cartilage mineralization. A high score for each 
parameter indicates good-quality repair tissue. The Wakitani 
scoring system consists of parameters related to cell mor-
phology, matrix staining, surface regularity, thickness of 
cartilage, and integration. A low score indicates good-
quality repair tissue. Histopathological assessments were 
performed by a pathologist blinded to the study design.
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Statistical Analysis

One-way analyses of variance were used to compare the 
ICRS and Wakitani scales among the 3 groups. For multi-
ple comparisons, the least significant differences test was 
used. The ICRS and Wakitani total scores are shown as 
means and standard deviations. A P value lower than 0.05 
was accepted as statistically significant. Statistical calcula-
tions were performed using commercial software (PASW, 
ver. 1.8, SSPS Inc., Chicago, IL).

Results
During follow-up examinations, 1 rabbit in the control 
group and 2 rabbits in MF and MFHA groups were excluded 
from the study because of death from unknown causes and 
development of systemic infection, respectively. Thus, the 
study was completed with 9 rabbits in the control group and 
8 rabbits in the MF and MFHA groups. When the contralat-
eral intact knees were examined during 6-month control 
visits, functional restrictions and decrease in ROMs (ranges 
of motion) of the operated knees were not detected.

On macroscopic examination of femoral condyles after 
sacrifice, defects obviously persisted in the control group 
(Fig. 1A). In the MF and MFHA groups, the defect areas 
were apparently filled with repair tissue, whereas the sur-
face of the repair tissue was found to be uneven and ragged 
relative to normal cartilage tissue (Fig. 1B, C).

In the histopathological evaluation, the regeneration of a 
marked repair tissue was not observed in the defects of the 
control group (Fig. 2). In MF and MFHA groups, defects 
were found to be replenished with repair tissue, and safra-
nin O staining was substantially less than that detected in 
the adjacent cartilage tissue around the defect with safranin 
O–stained sections. Also, in both groups, the cellular con-
tents of repair tissues were different relative to adjacent 

cartilage tissue. However, an improved integration was 
observed histologically between the repair and normal carti-
lage tissues in both groups. The thickness of repair tissue was 
found to be less than that of the normal cartilage tissue (Fig. 2).

The results of quantitative histopathological evaluations 
according to the ICRS and Wakitani scales are provided in 
Table 1. In evaluations performed according to the total 
ICRS score, results obtained in groups MF and MFHA 
showed relative improvement, with a significant difference 
between both groups and the control group (P = 0.001 and 
0.001, respectively). Despite a higher total score obtained in 
the MFHA group, scores did not differ significantly from 
those of the MF group (P = 0.342). With respect to the 
ICRS scale, among parameters other than those relating to 
the subchondral bone, a significant difference was observed 
in favor of the treatment groups when compared to the con-
trol group, whereas significant differences between the 
treatment groups were not detected.

Assessment of Wakitani scores yielded results similar to 
those obtained with ICRS scores. The total scores of the treat-
ment groups were found to be significantly lower than 
those of the control group (P = 0.001 and 0.001, respec-
tively). Scores of the MFHA group were lower but not 
significantly different than the MF group (P = 0.799). 
Evaluations performed in accordance with Wakitani system 
parameters revealed a meaningful difference between the 
treatment groups and the control group, whereas no signifi-
cant differences were found between the treatment groups.

As a result of evaluations of the ICRS and Wakitani 
scores, the MFHA group yielded more favorable results that 
were not significantly different from those of the MF group.

Discussion
In the management of full-thickness cartilage defects, after 
application of the microfracture technique, the defect area 

Figure 1. Macroscopic examination. (A) Persistence of the defect in control group was observed. (B and C) In MF and MFHA 
groups, filling of the defect with the repair tissue, and uneven surface relative to the intact cartilage is seen. Arrows show the defect 
areas.
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Table 1. ICRS and Wakitani Scale Values

Test results 
between 3 

groupsa Multiple comparison results (P values)b

Parameters Control (n = 9) MF (n = 8) MFHA (n = 8) F P Control vs MF Control vs MFHA MF vs MFHA

ICRS  
  Surface 0.00 ± 0.00 1.13 ± 1.55 1.50 ± 1.60 3.307 0.055 0.079 0.051 0.557
  Matrix 0.22 ± 0.44 1.00 ± 0.53 1.25 ± 0.88 6.006 0.008c 0.021 0.003 0.444
  Cell distribution 0.22 ± 0.44 1.25 ± 0.88 1.38 ± 0.74 6.953 0.005c 0.007 0.003 0.726
 � Cell population  

  viability
0.78 ± 0.44 2.75 ± 0.70 3.00 ± 0.00 55.667 <0.001c <0.001 <0.001 0.308

 � Subchondral bone 1.00 ± 0.70 1.38 ± 1.06 1.38 ± 1.06 0.451 0.643 0.424 0.424 1.000
 � Cartilage  

  mineralization
0.78 ± 0.66 2.25 ± 1.03 2.50 ± 1.06 8.627 0.002c 0.004 0.001 0.596

  Total 3.00 ± 1.32 9.75 ± 3.01 11.00 ± 3.11 24.158 <0.001* <0.001 <0.001 0.342
Wakitani  
  Cell morphology 3.78 ± 0.44 2.25 ± 0.70 2.00 ± 0.00 34.779 <0.001c <0.001 <0.001 0.308
  Matrix-staining 2.78 ± 0.44 1.75 ± 0.46 1.75 ± 0.46 14.692 <0.001c <0.001 <0.001 1.000
  Surface regularity 2.78 ± 0.44 1.63 ± 0.51 1.75 ± 0.46 15.415 <0.001c <0.001 <0.001 0.603
 � Thickness of the 

  cartilage
2.00 ± 0.00 1.25 ± 0.70 1.38 ± 0.51 5.700 0.010c 0.005 0.016 0.618

  Integration 2.78 ± 0.44 1.75 ± 0.46 1.63 ± 0.51 15.415 <0.001c <0.001 <0.001 0.603
  Total 14.11 ± 0.92 8.62 ± 1.06 8.50 ± 0.92 93.978 <0.001c <0.001 <0.001 0.799

Note: Boldface indicates significance. ICRS = International Cartilage Repair Society; MF = microfracture; MFHA = microfracture and hyaluronic acid.
aOne-way analysis of variance.
bLeast significant differences test.
cThere is statistically significant difference between control and both MF and MFHA groups (P < 0.05). There is no difference between MF and MFHA 
groups (P > 0.05).

Figure 2. Repair tissues in safranin O–stained sections. The specimens with the lowest and highest scores according to Wakitani and 
ICRS scales in each group labeled as “The worst” and “The best,” respectively, are shown. In control specimens, there is no repair tissue 
in defects. Although some repair tissue in defects of both MF and MFHA groups can be seen, the thickness and proteoglycan content 
of repair tissue are lower than the normal cartilage. Surface integrity and integration between normal cartilage and repair tissue are 
similar in both MF and MFHA specimens.
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is packed with a “super clot” formed by bone marrow mate-
rial.1 In this clot, stem cells originating from bone marrow 
differentiate under the influence of environmental factors 
to form new cartilage tissue. Frisbie et al.5 reported initia-
tion of type II collagen mRNA expression at 6 months and 
induction of hyaline cartilage formation at 8 weeks after 
application of the microfracture technique. Mainly, the 
newly formed repair tissue is a mixture of fibrous and car-
tilaginous components.14 Steadman et al.2 claimed that 
physiologic remodeling of the newly formed repair tissue 
would take a long time to occur, and only 70% of normal 
and type II collagen content could be formed 1 year after 
the procedure. These researchers also reported a prolonged 
remodeling process of up to 2–3 postoperative years.2 
Supplementation of the microfracture technique with addi-
tional procedures is recommended both to shorten this 
process and to improve the quality of the repair tissue.5 To 
this end, the microfracture technique was combined with 
placement of a type I collagen sponge soaked with BMP-7 
(bone morphogenetic protein 7) in the defect area and 
good-quality cartilage repair tissue was obtained without 
causing degenerative changes in the joints.15 According to 
the authors, the combined use of the microfracture tech-
nique and BMP-7 created a synergistic effect.

Hyaluronic acid is widely used for osteoarthritic knees. In 
some studies, it has been indicated that HA can modify the 
disease process and protect the knee from further degenera-
tion,16,17 but its main effect is physical viscosupplementation.6 
Exogenous hyaluronic acid also has a viscosupplementation 
impact, in addition to its anabolic, analgesic, antiinflamma-
tory, and chondroprotective effects.6 In cultures of chondro-
cytes, hyaluronic acid increases DNA replication, the 
synthesis of glucosamine and hydroxyproline, and accumu-
lation (storage) of type II collagen.6 It has been stated that 
these effects are dose dependent.

Hyaluronic acid has been included in cartilage repair 
strategies because of the above-mentioned features, and var-
ious studies have been conducted to determine this effect. 
Jansen et al.18 indicated that after partial lesions of carti-
lages, a single HA injection decreased cell death (apoptosis) 
and accelerated cartilage metabolism. Hyaluronic acid 
administration after autologous osteochondral transfer dem-
onstrated an increase in the chondrocyte viability in a short 
period of time (3 months).19

Kang et al.9 also used microfracture technique and vis-
coelastic HA solution that is filled in the defect during sur-
gery. In this study, microfracture technique was applied for 
full-thickness cartilage defects created on rabbit trochleas. 
Defects in one group were filled with 50 µL (0.5 mg) hyal-
uronic acid and those in the other group with a mixture of 
hyaluronic acid gel and transforming growth factor (TGF)–β3. 
The authors stated that they had detected improved repair 
tissue in the treatment groups but that TGF-β3 had not 
provided any additional benefit. However, no quantitative 

evaluation system was used in this study, and hyaluronic 
acid was used once during the surgical procedure. Both the 
application method and preparation of hyaluronic acid used 
in their study were different from those utilized in our study. 
Therefore, it was not possible to compare these results with 
ours. In the study conducted by Stauss et al.,10 after creating 
a 3-mm-diameter full-thickness defect on the weight-bearing 
surface of the medial femoral condyles of the rabbits, 
microfracture technique was performed through 3 holes. 
One week after the surgical procedure, 3 weekly hyaluronic 
acid injections were administered in one group and 5 weekly 
injections in another. For each injection, hyaluronic acid at 
a dose of 5 mg/0.5 mL was used. The ICRS macroscopic 
evaluation system and O’Driscoll histologic scoring system 
were used to determine effects of treatment. The authors 
indicated that they had obtained better-quality repair tissue 
in the group where hyaluronic acid was administered and 
could not find any difference between 3 or 5 injections at 
the third month. They also could not detect any significant 
differences in assessments performed at 6 months. They 
concluded that substantiating microfracture with hyaluronic 
acid injections had improved the quality of cartilage repair. 
They attributed this favorable impact to the chondroprotec-
tive and antiinflammatory effects of hyaluronic acid. This 
study showed some similarities to our study, including 
defect formation and injection techniques. However, the 
hyaluronic acid dosage was different. Also, the diameter of 
the defect formed was smaller than that constructed in our 
study. In addition, the authors considered defects with the 
smallest dimension of 4 mm in the rabbit model as sponta-
neously irreparable defects.20 Despite these discrepancies, 
their findings at 6 months were similar to ours. Saw et al.11 
performed subchondral drilling on a 4-mm defect created 
on the trochleas of goats and then injected hyaluronic acid 
and cultured bone marrow cells into the defect area. They 
reported that better-quality repair tissue was obtained with 
hyaluronic acid plus cultivated bone marrow cell injections 
when compared with isolated hyaluronic acid injections. 
The authors attributed the impact of isolated hyaluronic 
acid injections to its neutralization effect on paracrine fac-
tors and its microenvironment-modifying characteristics. 
However, they ascribed the lesser efficacy of HA alone 
relative to their adjunctive use with bone marrow cells to 
the short-term effectiveness of HA. The mean half-life of 
HA injected into patellar joint spaces of sheep was 11.5 hours,21 
whereas it had a half-life of 24 hours when injected into the 
intrapatellar spaces of intact rabbits.22 In the studies men-
tioned above, the authors stated that combining microfrac-
ture and exogenous HA injections has a beneficial effect 
in the treatment of full-thickness cartilage defects.

Bilge et al.23 administered HA as 3 weekly injections 
beginning 1 week after microfracture procedure in the treat-
ment of osteochondral lesions of the talus. Improvements in 
pain and functional scores were observed during the early 
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postoperative period, and they concluded that hyaluronic 
acid injection did not create a statistically significant 
difference.

Despite potentially favorable effects of hyaluronic acid 
on the cartilage, the anticipated beneficial impact could not 
be obtained according to this study protocol. In this proto-
col, HA was used in a therapeutic regime and dosages 
identical to those used in clinical practices. Akmal et al.7 
demonstrated that the favorable effects of hyaluronic acid 
in chondrocyte cultures were related to the dosage used. 
Apparently, to achieve the outcomes revealed in such stud-
ies, the culture media must contain chondrocytes. Most 
likely, the administration of hyaluronic acid injections, after 
the development of chondrocytes in the repair tissue of the 
defect area, elicits favorable effects. Frisbie et al.5 reported 
induction of type II collagen mRNA expression at 6 weeks 
and formation of hyaline cartilage at 8 weeks after the 
microfracture procedure. However, Gill et al.24 have shown 
that the main healing process was realized between 6 and 
12 weeks after the microfracture procedure and that the 
defect area was mostly filled with differentiated hyaline-
like cartilage tissue. Therefore, modification of the timing 
of injections might yield favorable outcomes. The use of a 
fixed dose and time points for injections was a weak point 
of our study.

According to the methods used in this study, after a 
6-month follow-up period, a substantial benefit could not 
be obtained from hyaluronic acid injections in addition to 
microfracture technique for the management of cartilage 
defect repair. We suggest that further investigations with 
different doses and injection times are needed for a better 
understanding of the effects of HA on repair tissue obtained 
by microfracture.
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