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Abstract
Osteochondral lesions of the talus are common injuries 
in the athletic patient. They present a challenging clini-
cal problem as cartilage has a poor potential for heal-
ing. Current surgical treatments consist of reparative 
(microfracture) or replacement (autologous osteochon-
dral graft) strategies and demonstrate good clinical 
outcomes at the short and medium term follow-up. Ra-
diological findings and second-look arthroscopy howev-
er, indicate possible poor cartilage repair with evidence 
of fibrous infill and fissuring of the regenerative tissue 
following microfracture. Longer-term follow-up echoes 
these findings as it demonstrates a decline in clinical 
outcome. The nature of the cartilage repair that occurs 
for an osteochondral graft to become integrated with 
the native surround tissue is also of concern. Studies 
have shown evidence of poor cartilage integration, 

with chondrocyte death at the periphery of the graft, 
possibly causing cyst formation due to synovial fluid 
ingress. Biological adjuncts, in the form of platelet-rich 
plasma (PRP) and bone marrow aspirate concentrate 
(BMAC), have been investigated with regard to their 
potential in improving cartilage repair in both in vitro 
and in vitro  settings. The in vitro  literature indicates 
that these biological adjuncts may increase chondro-
cyte proliferation as well as synthetic capability, while 
limiting the catabolic effects of an inflammatory joint 
environment. These findings have been extrapolated 
to in vitro  animal models, with results showing that 
both PRP and BMAC improve cartilage repair. The basic 
science literature therefore establishes the proof of 
concept that biological adjuncts may improve cartilage 
repair when used in conjunction with reparative and 
replacement treatment strategies for osteochondral le-
sions of the talus.
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INTRODUCTION
The ankle is one of  the most common sites of  injury in 
athletes, with a sprain being the most frequent mecha-
nism[1]. The incidence has been described to be as high 
as nearly 1 per 1000 athlete exposures, leading to 27 000 
ankle sprains every day in the United States[2,3]. These 
injuries are known to lead to cartilage insult in up to 
50% of  patients[4] and therefore potentially resulting in 
an osteochondral lesion of  the talus (OCL). The increas-
ing recognition of  the prevalence of  these lesions has 
brought the etiology and treatment of  OCLs to the fore-
front of  sports medicine.

The first description of  an ankle OCL was likely 
given by Monro[5], who removed a loose body from the 
ankle caused by traumatic injury. Since then, various 
etiologies have been described which may contribute to 
the formation of  these lesions, including acute trauma, 
chronic microtrauma, endocrine or metabolic factors, 
genetic predisposition, joint displacement, osteoarthritis, 
and avascular necrosis[6-13]. Trauma, however, remains the 
most common instigating factor, with Flick and Gould[7] 
concluding that of  500 patients with OCLs, 90% of  
lateral dome and 70% of  medial dome lesions could be 
attributed to a traumatic event.

Multiple treatment strategies have been defined for 
managing osteochondral lesions of  the talus. These 
include conservative management, in the form of  im-
mobilization or protective weight bearing, and surgical 
treatment, consisting of  either reparative or replacement 
therapies[14].

Articular hyaline cartilage is avascular and therefore 
has a poor propensity for healing, additionally when the 
osteochondral lesion does not extend beyond the sub-
chondral plate, the body does not mount an inflamma-
tory response to promote regeneration. With lesions that 
involve the subchondral bone, an inflammatory response 
stimulates marrow cells to produce repair tissue in an 
attempt to fill the defect[15]. This is the principle behind 
bone marrow stimulation techniques such as microdrill-
ing and microfracture.

The replacement techniques for treating OCLs con-
sist of  substituting the lesion with viable tissue, such as 
an autologous osteochondral graft or an osteochondral 
allograft. Studies on both reparative and replacement 
treatment strategies, however, have shown concern 
with regard to poor post-operative cartilage repair[16-19]. 
Both surgical techniques have proven to demonstrate 
good short to medium term clinical results, however 
further long-term studies, second look arthroscopy, and 
radiological investigation have shown reasons for con-
cern[16-20]. This review will describe and address the issue 
of  poor cartilage healing following surgical treatment 
of  osteochondral lesions of  the talus, and the use the 
biological adjuncts to improve cartilage healing. The two 
most common surgical modalities currently in practice 
and those used by the senior surgeon are microfracture 
and autologous osteochondral transplantation, and will 
be the two strategies addressed in this article.

MICROFRACTURE
The microfracture procedure involves arthroscopically 
breaching the subchondral plate in order to stimulate an 
inflammatory response and migration of  subchondral 
derived mesenchymal stem cells (Figure 1). The recruited 
cells differentiate into fibrocartilage in an attempt to fill 
the defect and protect the underlying subchondral bone 
from excessive loading over time[21].

Short to medium term clinical outcomes following 
microfracture have been good. Saxena and Eakin[4] re-
ported their results in the athletic population (n = 26) 
at an average follow-up of  32 mo. 96% of  patients re-
ported good or excellent post-operative AOFAS scores, 
with the same percentage of  the study group returning 
to their sporting activity. Chuckpaiwong et al[22] pub-
lished results detailing the outcomes of  105 consecutive 
patients whom had the talar OCLs microfractured. Of  
those patients who had lesions smaller than 15 mm in 
diameter, there were no failures of  treatment at a mean 
follow-up of  31.6 mo.

These results were further pooled and corroborated 
in a systematic review article by Zengerink et al[23]. The 
authors reviewed 18 studies reporting the outcomes of  
arthroscopic microfracture surgery and found the re-
ported success rate to be 85%. While the satisfaction of  
the patient is paramount to determining whether a pro-
cedure is successful, the majority of  these studies have a 
short to medium term follow-up.

Despite good clinical follow-up, microfracture relies 
on a biologic infill that is fundamentally flawed. The 
underlying issue prevalent with subchondral stimulation 
is that it stimulates a fibrocartilage repair, which is bio-
mechanically inferior to hyaline cartilage (Figure 2). Ad-
ditionally, upon further mechanical loading of  the joint, 
fibrocartilage progressively degenerates with an increase 
in type Ⅰ collagen[18,19,24-26].

In a study correlating clinical results with second-look 
arthroscopic findings of  20 ankles, Lee et al[16] found at 
12 mo post-operatively, 90% of  patients reported a good 
to excellent outcome with regard to their AOFAS score. 
However, on second-look arthroscopy, 35% of  ankles 
were determined to show incomplete healing, only 30% 
of  lesions were integrated with the native hyaline car-
tilage, and 80% had cracks and fissures. The authors 
found no correlation between clinical AOFAS scores 
and arthroscopic appearance of  the lesion site. This may 
possibly be due to the short follow-up, and the patients 
may not experience a deterioration of  their symptoms at 
1 year post-operatively.

Becher et al[17] echoed these results when assessing 
the outcome of  microfracture surgery using the Han-
nover Scoring System for clinical outcome and magnetic 
resonance imaging (MRI) in 45 cases. While the clinical 
outcomes were successful, with 4 ankles necessitating 
further surgery to address the chondral defect, MRI as-
sessment indicated that 100% of  the cases had cracks 
and fissuring of  the regenerative tissue at a mean follow-
up of  5.8 years.
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There is an indication that the post-operative clinical 
outcome scores may deteriorate with time as the lesions 
fails to heal with adequate repair tissue. Ferkel et al[27], 
reporting on 50 patients with a mean follow-up of  71 
mo, found that 36% of  patients had fair to poor results, 
as measured by the modified Weber scale. Furthermore, 
17 patients had been seen 5 years previously and evalu-
ated using the same criteria. Of  these 17 patients with a 
longer-term outcome, 35% demonstrated deterioration 
in their outcome scores over time. Hunt and Sherman[19], 
on reporting clinical outcomes as measured by the Mar-
tin Score at 66 mo follow-up (33 ankles), found fair or 
poor outcomes in 61% of  patients. Presently, there is no 
consensus or evidence base as to the optimal size defect 
that should be treated with microfracture.

AUTOLOGOUS OSTEOCHONDRAL
TRANSPLANT
Autologous osteochondral grafts (OATS) involves re-
placing the damaged tissue on the talus, with a healthy 
osteochondral graft harvested from a non-weightbearing 
portion of  the ipsilateral knee (Figure 3). This procedure 
has predominantly been advocated for treating large 
cystic lesions, or in patients who have failed previous 

subchondral stimulation[28-30].
Hangody et al[31] were the first to publish results fol-

lowing osteochondral autograft transplantation (mosa-
icplasty). In a study examining 34 cases with an average 
follow-up of  48 mo, the authors described good to ex-
cellent outcomes in 94% of  patients, as measured by the 
Hannover scoring system.

In a retrospective study examining the outcomes of  
50 patients with a cystic talar defect, Scranton et al[30] 
measured patient outcomes at a mean post-operative 
time point of  36 mo using the Karlsson-Peterson Ankle 
Score. 45 patients (90%) had a good to excellent out-
come score, with a mean of  80.3.

These successful clinical post-operative outcomes 
were mirrored in one of  the largest case series pub-
lished by Kennedy and Murawski[32]. In a retrospective 
study reporting the outcomes of  72 patients with a 
mean follow-up of  28 mo, outcome was assessed using 
Foot and Ankle Outcome (FAOS) and Short Form-12 
scores (SF-12). FAOS scores improved from 52.67 pre-
operatively to 86.19 post-operatively. Similarly, the SF-12 
scores improved from 59.4 pre-operatively to 88.63 post-
operatively. One patient required a revision surgery for a 
decompression of  a cyst that developed below the graft 
site through a standard retrograde sinus tarsi approach. 
Despite these encouraging results, there are some con-
cerns that this procedure has inherent problems that 
may only manifest at a later time point.

An autologous osteochondral transplant allows de-
generative tissue to be replaced with a viable hyaline car-
tilage graft. However, there remain issues with graft heal-
ing, particularly at the interface between the graft and 
native tissue[33]. In animal models it has been shown that 
there is poor integration at the cartilaginous border of  
the graft and surrounding talar cartilage[34]. Additionally, 
in the process of  harvesting the graft from the ipsilateral 
knee and press fitting it into the cored out lesions site, 
up to 25% of  cell death may occur at the periphery[35].

In a case series published by Valderrabano et al[20], 
reporting the outcomes of  21 patients treated with the 
osteochondral graft procedure with a mean follow-up 
of  72 mo, the authors described not only the clinical 
outcomes using the AOFAS ankle score, but also their 
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Figure 1  Arthroscopic microfracture of osteochondral lesion.

Figure 2  Magnetic resonance imaging with T2-mapping demonstrating 
significantly shorter relaxation times in both superficial and deep zones of 
repair tissue-indicating poor cartilage infill 6 mo following microfracture.

Figure 3  Autologous osteochondral graft.
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MRI and SPECT-CT findings. While the patients re-
ported a satisfaction rate of  good to excellent in 92% 
of  cases, and mean AOFAS score improved from 45.9 
pre-operatively to 80.2 points post-operatively, radiologi-
cal findings were less encouraging. On MRI, there was 
evidence of  recurrent cyst formation in 75% of  patients. 
SPECT-CT showed that some level of  cyst formation in 
all cases.

A poorly healed interface may allow synovial fluid in-
gress around the osteochondral plug and cause cyst for-
mation (Figure 4). When the subchondral bone is under 
stress, such as from increased hydrostatic pressure from 
synovial fluid, it leads to upregulation of  interleukin-1 
and interleukin-6[36]. The upregulation of  catabolic fac-
tors causes increased osteoclastic activity and ultimately 
bone resorption. This may cause cyst formation, there-
fore undermining the graft, and leading to failure of  the 
procedure.

DIAGNOSIS OF OSTEOCHONDRAL 
LESIONS
In order to detect poor cartilage healing, adequate imag-
ing must be ordered that is able to visualize the problem. 
Standard weightbearing radiographs on the ankle are still 
used in the initial post-operative assessment. However, it 
is known that up to 50% of  osteochondral lesions may 
not be visualized on X-ray[29]. Helical computed tomog-
raphy is favored by many surgeons as an initial assess-
ment of  OCLs. It is useful in assessing bony detail and 
determining specific size, shape and extent of  subchon-
dral cystic formation[37]. The visualization of  cartilage 
though, is not possible with CT imaging.

Soft tissue pathology, which is the object of  concern 
when determining if  proper regeneration of  cartilage has 
occurred, is best assessed using magnetic resonance imag-
ing[38]. MRI is useful is detecting the degree of  cartilage 
repair and if  any other soft tissue insult has occurred. Ad-
ditionally, it has been shown that the radiological images 
correlate well arthroscopic findings[39]. The authors prefer 
using the recently developed quantitative MRI technique 

of  T2 mapping which provides quantitative and qualita-
tive information about cartilage repair (Figure 2)[40].

IMPROVEMENT OF CARTILAGE REPAIR
Improving the biological environment is crucial in order 
to stimulate the regeneration of  cartilage-like tissue and 
prevent long-term deterioration of  outcome follow-
ing cartilage repair and replacement surgeries. Growth 
factors and mesenchymal stem cells have long been of  
interest to the orthopaedic community as a potential 
adjunct to both microfracture and osteochondral graft 
transplantation. Historically, individual growth fac-
tors have been study in isolation in their recombinant 
form[41-45]. However, given the vast assortment of  growth 
factors and their interaction within the joint environ-
ment, it is doubtful that any single growth factor will 
lead to comprehensive cartilage regeneration[38]. There-
fore, biological adjuncts in the form of  platelet-rich plas-
ma (PRP) and bone marrow aspirate concentrate (BMAC) 
are currently being investigated for their chondrogenic 
and anti-inflammatory effects and may improve poor 
cartilage healing as a post-operatively[46-61].

Platelet-rich plasma
PRP is defined as a sample of  plasma with a twofold or 
more increase in platelet concentration above baseline 
level or greater than 1.1 × 106 platelets/μL[62]. Platelets’ 
physiological role in healing has led to the concept that 
PRP may improve cartilage restoration. Additionally, the 
multitude of  growth factors (Table 1) stored within the 
platelets’ alpha granules are believed to improve the bio-
logical environment within which cartilage may heal[63]. 
Multiple in vitro and in vivo studies are present in the 
literature delineating the potential of  PRP to improve 
chondrogenesis in ankle cartilage repair[46-61].

In a study culturing porcine chondrocytes in 10% 
PRP, the authors reported a 115% (P < 0.001) increase 
in proteoglycansynthesis compared to the control (fetal 
bovine serum). Furthermore, PRP augmented collagen 
production by 163% (P < 0.001)[41]. The proliferative 
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Figure 4  Magnetic resonance imaging showing cyst formation following 
autologous osteochondral graft surgery at 3 mo post-operative. 

H

  Growth factor Activity
  TGF-β1 Stimulates MSCs and chondrocytes inhibit catabolic 

activity of IL-1
  FGF Stimulate bone growth

Decrease aggrecanase activity
  EGF Cellular proliferation epithelial cell differentiation
  PDGF Stimulation of fibroblasts and collagen synthesis stimu-

lation of osteoblasts
  VEGF Promotes angiogenesis and vasculogenesis

Table 1  Summary of the effect of growth factors contained 
in platelet-rich plasma

TGF-β1: Transforming growth factor-β1; FGF: Fibroblast growth factor; 
EGF: Epidermal growth factor; PDGF: Platelet-derived growth factor; 
VEGF: Vascular endothelial growth factor; MSCs: Mesenchymal stem cells; 
IL-1: Interleukin-1.
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effect of  PRP is not limited to chondrocytes alone. Hu-
man mesenchymal stem cells (MSC), which may be re-
cruited through subchondral stimulation (e.g., microfrac-
ture) or by the addition of  BMAC, have also been shown 
to be positively affected by PRP. Subchondral progeni-
tor MSCs are stimulated to migrate in the presence of  
PRP[47]. This is particularly relevant to improving the 
outcomes of  the arthroscopic microfracture technique 
as this is the reasoning behind the use of  this procedure. 
In addition, human MSCs, when cultured in 10% PRP, 
demonstrate increased levels of  DNA compared to an 
FBS control[48]. Kruger et al[47] demonstrated that the ad-
dition of  PRP caused MSCs to undergo chondrogenic 
differentiation and increase type Ⅱ collagen matrix de-
position. MSCs are also difficult to recruit in significant 
amounts as their concentration in peripheral blood and 
bone marrow is relatively low, representing only 0.001% 
to 0.01% of  mononuclear cells in bone marrow aspi-
rate[49,50]. Their proliferation though has been shown to 
increase when cultured with PRP[51-53]. Increasing the 
synthetic capacity and proliferation of  chondrocytes 
and mesenchymal stem cells potentially improves the 
cartilage infill of  both an OCL that has undergone mi-
crofracture and the interface between an osteochondral 
graft and native tissue.

Osteochondral lesions cannot be managed in isola-
tion if  the surgeon hopes to avoid a poor outcome. The 
development of  an OCL indicates the presence of  an 
intra-articular inflammatory environment. While surgical 
intervention in the form of  subchondral stimulation or 
an osteochondral graft treats the focal defect, the pres-
ence of  catabolic cytokines may cause further cartilage 
degeneration and inhibit the production of  regenera-
tive tissue. Haemarthrosis following trauma or surgery, 
causes iron-catalyzed oxygen metabolites to induce 
macrophage activation and matrix metalloproteinase 
(MMP)-2 and MMP-9 production by synoviocytes[54]. 
Additionally, neutrophils chemotactically drawn to the 
intra-articular space produce interleukin 1 beta (IL-1β) 
and tumor necrosis factor (TNF)-α which further in-
crease matrix metalloproteinase, ADAMTS, and elastases 
by both synovial cells and chondrocytes[55]. This cata-
bolic cascade serves to alter the composition of  synovial 
fluid and promote degradation of  cartilage extracellular 
matrix, ultimately causing detriment to any surgical pro-
cedure.

PRP is known to counter the catabolic mediators in 
order to reduce the inflammatory damage to the joint. 
PRP has been shown to increase the production of  hy-
aluronic acid and hepatocyte growth factorby synovio-
cytes excised from arthritic patients[56]. The increase in 
hepatocyte growth factor is particularly relevant as there 
is evidence that it blocks the activity of  nuclear factor 
kappa-light-chain-enhancer of  activated B cells (NF-
κB)[57]. Furthermore, in human chondrocytes cultured 
in IL-1β to simulate an osteoarthritic environment, PRP 
decreased IL-1β mediated inhibition of  COL2A1 and 
ACAN gene expression. Additionally, itdecreased the IL-

1β induced increase of  ADAMTS4 and PTGS2 gene ex-
pression[58]. These findings have been further confirmed 
by additional study culturing chondrocytes in IL-1β and 
TNF-α with collagen matrix enhanced PRP, showing 
increased chondrogenesis, collagen type Ⅱ deposition 
and inhibition of  IL-1β and TNF-α[59]. The combination 
of  both the anabolic effect and the inhibition of  inflam-
matory catabolism may contribute to improving cartilage 
repair and decreasing the risks of  a poor outcome fol-
lowing surgery for OCLs. These studies have since been 
translated to an in vivo model.

In a rabbit model, PRP treated polylactic-co-glycolic 
acid (PLGA) scaffolds improved osteochondral lesion 
healing compared to OCLs treated with a PLGA scaf-
fold alone. The authors noted that while the controls 
showed fibrous healing with deep fissures, the PRP 
treated group showed hyaline-like infill which was well 
integrated with the surrounding tissue[60]. Milano et al[61] 
reported on the results of  using PRP and PRP com-
bined with fibrin as an adjunct to microfracture surgery 
for osteochondral defects in a sheep model, comparing 
their treatment groups to microfracture surgery alone. 
The study showed evidence that the PRP treated group 
showed improved cartilage repair that was both histo-
logically differentiated and mechanically competent.

Bone marrow aspirate concentrate
BMAC is obtained through density gradient centrifuga-
tion of  bone marrow typically aspirated from the iliac 
crest. Similar to PRP, BMAC contains platelets, and 
therefore growth factors, but in lesser concentrations[64]. 
The principle reason for using BMAC as a biological 
adjunct to osteochondral lesion surgeries of  the talus 
is to introduce MSCs to the site[64]. Wilke et al[65] dem-
onstrated, in an equine model, that the introduction 
of  MSCs to a full thickness cartilage defect improves 
cartilage repair. Furthermore, the authors noted that the 
repair tissue contained primarily type Ⅱ collagen and 
was therefore more hyaline-like. The principle that MSCs 
improve cartilage healing has been further corroborated 
in the literature[66,67].

The role of  BMAC in improving the outcomes of  
OCL surgery has also been investigated in an in vivo set-
ting. In an equine model, BMAC augmented microfrac-
ture was compared to microfracture alone for treatment 
of  a full thickness chondral defect, 15 mm in diameter. 
At the 8 mo post-operative time point, the authors re-
ported a vast improvement in both ICRS macroscopic 
and histological scores, 9.4 ± 1.2 compared with 4.4 ± 
1.2 and 11.1 ± 1.6 compared with 6.4 ± 1.2 respectively. 
Moreover, there was improved collagen orientation and 
collagen type Ⅱ content in the BMAC treated group[68]. 
Saw et al[69] showed similar results in a study extrapolat-
ing the use of  BMAC to a goat model. In a comparison 
of  treatment between microfracture alone, microfracture 
plus hyaluronan, and microfracture plus hyaluronan and 
BMAC, there was a statistically significant difference in 
repair tissue with the last group showing the most favor-
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able results. At the 24 wk following surgery, the BMAC 
treated group demonstrated almost complete coverage 
of  the defect with evidence of  hyaline cartilage repair. 
In comparison, the group that received microfracture in 
isolation, showed only partial healing of  the lesion with 
predominantly scar tissue.

CONCLUSION
Osteochondral lesions are currently treated predomi-
nantly by either attempting to repair the lesion with 
arthroscopic subchondral microfracture or replacement 
of  the non-viable tissue with an autologous osteochon-
dral graft. The short to medium-term clinical results of  
these surgeries are positive, however longer-term clini-
cal outcomes, as well as radiographic and arthroscopic 
findings, indicate that surgeons must improve the quality 
of  regenerative tissue in order to avoid long-term post-
operative deterioration of  outcome.

PRP and BMAC, with their array of  bioactive factors 
have been shown to improve cartilage regeneration in 
both in vitro and in vivo models. They amalgamate two of  
the three factors of  the tissue engineering trifecta, bring-
ing stem cells and growth factors to the site of  injury. 
These biological adjuncts are simple and easy to generate 
and are not known to cause any adverse clinical event. 
Additional research is required to analyze the long-term 
outcomes of  employing biological adjuncts in a clinical 
setting using carefully designed randomized levelI clini-
cal trials. As we seek to improve the outcomes of  surgi-
cal treatments for osteochondrallesions, the body of  
evidence surrounding PRP and BMAC will grow to en-
compass long-term clinical outcome studies. Researchers 
are encouraged to continue investigating these biological 
adjuncts using rigorous scientific methodology.
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