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Background: The most common first-line treatment of osteochondral lesions of the talus (OLTs) is microfracture. Although many
patients do well with this procedure, a number fail and require reoperation. The mechanism of failure of microfracture is unknown,
and to our knowledge there has been no research characterizing failed microfracture regarding histological and inflammatory
makeup of these lesions that may contribute to failure.

Purpose: To characterize the structural and biochemical makeup of failed microfracture lesions.

Study Design: Case series; Level of evidence, 4.

Methods: Specimens from 8 consecutive patients with symptomatic OLTs after microfracture who later underwent fresh osteo-
chondral allograft transplantation were analyzed. For each patient, the failed microfracture specimen and a portion of the fresh
allograft replacement tissue were collected. The allograft served as a control. Histology of the failed microfracture and the allograft
replacement was scored using the Osteoarthritis Research Society International (OARSI) system. Surface roughness was also
compared. In addition, tissue culture supernatants were analyzed for 16 secreted cytokines and matrix metalloproteinases (MMPs)
responsible for inflammation, pain, cartilage damage, and chondrocyte death.

Results: The OARSI grade, stage, and total score as well as surface smoothness were significantly worse in the failed micro-
fracture sample, indicating better cartilage and bone morphology for the allografts compared with the failed microfracture lesions.
Analyzed cytokines and MMPs were significantly elevated in the microfracture tissue culture supernatants when compared with
fresh osteochondral tissue supernatants.

Conclusion: These data demonstrate a significantly rougher cartilage surface, cartilage and subchondral bone histology that more
closely resembles osteoarthritis, and elevated inflammatory cytokines and MMPs responsible for pain, inflammation, cartilage
damage, and chondrocyte death when compared with fresh osteochondral allografts used as controls.
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Ankle sprains and fractures are common injuries among
athletes and the active population, with studies citing that
more than 17% of all injuries in National Collegiate Ath-
letic Association (NCAA) soccer and basketball players
involve the ankle and estimating that more than 7% of all
injuries in NCAA athletes involving ligamentous ankle
injuries.19,33 In more than 50% of these cases, there was
an accompanying osteochondral lesion of the talus
(OLT).22,28,34 With smaller, nondisplaced OLTs typically

less than 1.5 cm2, an initial course of nonoperative manage-
ment is the standard of care; however, many athletes
remain symptomatic and require operative intervention.

In these small lesions, microfracture—or bone marrow
stimulation—is performed as a means of stimulating heal-
ing with a fibrocartilage cap. Although this procedure had a
historically high rate of success, recent literature questions
the long-term efficacy of this procedure.29,30 In addition, an
in-depth review by Hannon et al22 of outcomes after micro-
fracture has called into question the literature’s reliability
and ability to draw meaningful conclusions, as the authors
note only 46% of clinical studies reported on the size of the
lesion and only 25% performed radiological evaluation on
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postoperative examination. Specific OLT characteristics
have also been tied to higher rates of failure after micro-
fracture, such as lesions located on the shoulder of the
talus.9 However, the mechanism of failure with microfrac-
ture is unknown and there have been no studies to our
knowledge that have looked into the histological and
inflammatory makeup of these lesions that may contribute
to the failures.

Prior literature has identified specific cytokines, lipids,
and matrix metalloproteinases (MMPs) that create a proin-
flammatory environment in the joint after ankle fracture
that could lead to posttraumatic arthritis.3,4,27 The purpose
of this study was to characterize the structural and bio-
chemical makeup of failed microfracture lesions in an effort
to identify potential reasons for continued pain and poor
OLT healing after microfracture. Using these same assays,
we hypothesized that microfracture creates a similar proin-
flammatory environment that may negate some of the ben-
efits of the procedure with regard to cartilage healing.

METHODS

Eight consecutive patients who were undergoing fresh osteo-
chondral allograft transplantation for failed microfracture
were identified and enrolled in this institutional review
board—approved study. Discarded intact osteochondral spe-
cimens were collected from the patients and analyzed.

Histology

The specimens from each patient included the en bloc
excised OLT and the unused, undamaged portion of the
fresh allograft replacement that the patient received at the
time of surgery (Figure 1). Neither specimen was lavaged
prior to collection. The donor patient cohort included 6 male
and 2 female patients. All allografts were obtained from
RTI Surgical.

The specimens were immediately placed in formalin,
decalcified, sectioned, and stained using hematoxylin and
eosin and safranin O. The histology sections that were ana-
lyzed were chosen from the central portion of both the failed
microfracture lesion and the allograft sample. The resul-
tant histological slides were then blinded, randomized, and
scored using the Osteoarthritis Research Society

International (OARSI) cartilage osteoarthritis (OA) histo-
pathology grading system.31 In this system, grade is
defined as OA depth progression into cartilage, and it is
assessed by noting the most advanced grade present within
the cartilage, irrespective of its horizontal extent. Stage is
defined as the horizontal extent of cartilage involvement,
and score is defined as grade multiplied by stage. There-
fore, the score represents a combined assessment of OA
severity and extent. Three blinded reviewers indepen-
dently assessed the slides and came to consensus when
there was disagreement (S.A., N.A., R.D.). The cartilage
surface roughness was also compared between the OLT and
allograft cartilage using ImageJ software (National Insti-
tutes of Health).35

Cytokines

Samples of both discarded OLT tissue and to-be-
transplanted fresh allograft tissue were weighed before
being cultured separately for 48 hours at 37�C and 5%
CO2 in 1 mL of serum-free Dulbecco’s modified Eagle
medium (Gibco; Thermo Fisher Scientific) containing
5-mL, 100� penicillin/streptomycin (Gibco; Thermo Fisher
Scientific) and 25-mM 2-[4-(2-hydroxyethyl)piperazin-1-
yl]ethanesulfonic acid buffer (Gibco; Thermo Fisher Scien-
tific). The allograft cartilage sample size was roughly
matched to the OLT sample size. Media supernatants were

Figure 1. The analyzed allograft section (B) was cut from the
donor talus allograft proper (A) at a location immediately adja-
cent to the portion transplanted to the patient. A portion (C) of
the excised osteochondral lesion of the talus (D) was cut for
analysis.
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collected and stored at –80�C until they were analyzed for
16 different cytokines and MMPs, including interferon
(INF)-g, interleukin (IL)-10, IL-12p70, IL-13, IL-1b, IL-2,
IL-4, IL-6, IL-8, tumor necrosis factor (TNF)-a, C-
telopeptide fragments of type II collagen (CTX-II), MMP-
1, MMP-2, MMP-3, MMP-9, and MMP-10 using human
sandwich immunoassays (Meso Scale Discovery) according
to the manufacturer’s instructions. Levels of cytokines
were normalized to tissue weight prior to statistical
analysis.

Statistical Analysis

Paired t tests comparing the OLTs and allografts were per-
formed on OARSI grade, stage, total score, and surface
roughness. Significance was set at P< .05. The distribution
of all data was assessed. Normally distributed cytokine
data levels were analyzed using paired t test. Nonnormally
distributed cytokine data (IL-1b, IL-6, IL-2, IL-4, and
MMP-2) were compared using the Wilcoxon rank-sum test.
Values for measured cytokines that were below the detec-
tion limit of the assay were replaced with half of the lower
level of detection values supplied by the assay manufac-
turer. Statistical analysis was performed using JMP 13
(SAS Institute). Post hoc power analysis was performed

using an online tool provided by the University of Califor-
nia, San Francisco,25 and it revealed that this study was
sufficiently powered to detect the reported effect sizes for
histological, surface roughness, and secretomic analysis
outcomes with at least 80% certainty with the exception
of CTX-II, MMP-1, MMP-2, and MMP-9. Finally, correla-
tion analysis was performed between the total OARSI score
and the measured cytokines. Correlation results are
reported as Pearson correlation coefficients except for IL-
1b, IL-6, IL-2, IL-4, and MMP-2. Because of the nonnor-
mally distributed data for these cytokines, the Spearman
R correlation test was used.

RESULTS

The mean age of the patients was 43 years (range, 24-59
years). This cohort included 3 men and 5 women. The mean
age of the donor allograft patients was 27 years (range, 16-
37 years), and the mean time from donor death to implan-
tation was 40 days (range, 28-49 days). Demographics of
the sample are shown in Table 1.

Gross histological inspection of the samples demon-
strated cartilage erosion and subchondral bone destruction
in the failed microfracture OLTs and an intact cartilage
surface in the allografts (Figure 2). The OARSI grade,
stage, and total score were significantly worse in the
resected OLTs that failed microfracture compared with the
healthy allograft controls (Figure 3), indicating worse car-
tilage and bone morphology. The mean grade for the
resected failed microfracture samples was 5. However,
4 of 8 samples had a score of 6. Scores of 5 and 6 correspond
to osteochondral damage consisting of deformation of the
subchondral bone with subchondral sclerosis and areas of
reparative fibrocartilage. The mean stage for the failed
microfracture samples was 4 (Figure 3), which indicates
more than 50% involvement of the grade in any particular
sample. In contrast, half of the allograft samples had grade
and stage scores of 0, indicating normal cartilage and bone.
Regarding surface roughness, the calculated mean and

TABLE 1
Demographics of Donor and Recipient Patients

Recipient
Age, y

Recipient
Sex

Donor
Age, y

Donor
Sex

Days to
Implantation

40 Male 25 Male 29
49 Male 24 Male 42
37 Female 37 Male 39
48 Female 32 Female 41
46 Female 26 Female 44
24 Female 35 Male 49
59 Male 19 Male 35
37 Female 16 Male 45

Figure 2. Safranin O histology of 5 representative cases demonstrating the patients’ osteochondral lesion of the talus (OLT) (top
row) and the transplanted fresh talus allografts (bottom row). The disrupted cartilage with bone erosion can be seen in the OLT
images. Intact cartilage and bone can be seen in the allograft images. Note sectioning artifacts in allografts cases 1, 2, and 5. This is
not cartilage damage.
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standard deviation for the Ra value for the failed microfrac-
ture OLTs was 192 ± 41 versus 97 ± 16 for the allograft
samples. This difference was significant (P < .001). For
example, the Ra value for the OLT from case 4 in Figure
2 was 192 and for the corresponding allograft the Ra value
was 95.

Secretomic analysis demonstrated that the level of all
measured cytokines and MMPs except INF-g, IL-1b, IL-4,
and IL-8 were significantly higher in the microfracture
OLT tissue culture supernatants compared with allograft
supernatants (Figure 4), indicating there was inflamma-
tory cytokine and degradative MMP production from the
failed microfracture samples. It should be noted that all
values for MMP-9 for the fresh allograft group fell below
the lower limit of detection.

Correlation analyses between the OARSI total score and
the measured cytokines revealed a significant positive cor-
relation for TNF-a, IL-2, IL-6, IL-10, IL-13, MMP-1, MMP-
2, MMP-3, MMP-9, MMP-10, and CTX-II.

DISCUSSION

The primary findings of this study are that failed
microfracture-treated lesions had arthritic-like histology
with subchondral plate sclerosis and deformation, rough
surface features, and produced inflammatory cytokines and
MMPs, which are known to be both pain generators and to
degrade cartilage extracellular matrix.38 More specifically,
OARSI grade and surface roughness, as defined by Ra value,
were significantly worse in the failed microfracture group,
and secretomic analysis showed significantly higher levels of
the analyzed factors in the failed microfracture group in 75%
(12 of 16). This is the first study to our knowledge to identify
the histological and secretomic characteristics of failed
microfracture of the talus. Moreover, this study was able to
compare these characteristics with fresh human osteochon-
dral allografts, which are an ideal control second only to the
patient’s own healthy cartilage and subchondral bone, which
would be unethical to obtain outside of the required

preparation for allograft implantation. In addition, as repre-
sented in these cases, osteochondral allograft transplanta-
tion often represents the next step in treatment.

After nonoperative management has failed, microfracture
is a technique commonly used for small OLT lesions owing to
the relatively quick return to sport and ability for the patient
to regain high levels of activity postoperatively.37 However, a
recent systematic review found that only 88% of patients who
underwent microfracture were able to return to sport at any
level, and only 79% were able to return to prior levels of activ-
ity.37 Even less is known about how well elite athletes return
and, more troubling, the long-termsuccessof thisprocedure in
this specific population.24 There is previous magnetic reso-
nance imaging (MRI) evidence that microfracture does not
adequately address the damaged subchondral bone and that
the fibrocartilage replacement tissue deteriorates quickly
over time—a process that may also be expedited in
high-level athletes based on the repetitive high-impact activ-
ities.14,24,36 Our study adds to the literature, as it demon-
strates that, at least with failed microfracture, the
subchondral bone is sclerotic and deformed. It is difficult to
know whether these characteristics were present before
microfracture, but these abnormalities do demonstrate that,
in failed microfracture, subchondral bone does not remodel to
normal.

Choi et al10 looked at a series of 120 microfracture-
treated ankles and found 6.7% progressed to osteochondral
transplant, 18.4% were deemed clinical failures, and there
was an overall increase in failure over time. In a series of
434 patients, lesions on the talar shoulder had a clinical
failure after microfracture in 27.2% of cases compared with
12.5% outside of the shoulder, which is significantly less
but still far from ideal for a population looking to return
to high-level activities.9 Hunt and Sherman23 looked at a
cohort of 37 ankles with a mean follow-up of 66 months and
found that only 46% had a good or excellent result after
microfracture. In a long-term follow-up study on
microfracture-treated lesions, Ferkel et al14 looked at
second-look arthroscopy findings and reported that 35% of

Figure 3. Mean OARSI (A) grade, (B) stage, and (C) total score of the osteochondral lesion of the talus and allografts. A higher score
means more cartilage and bone destruction. The transplanted allografts demonstrated significantly better OARSI grades, stages,
and total scores. Error bars represent SEM. OARSI, Osteoarthritis Research Society International.
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patients had worsened outcomes according to the qualita-
tive Weber system. Becher et al7 looked at MRIs of patients
with microfractures postoperatively and found that both
the structure and the surface of the repair tissue were nei-
ther intact nor homogeneous. Although second-look
arthroscopy and postoperative MRI provide benefit in the
identification of failed microfracture lesions, they do not
provide insight into the pathogenesis as the histology and
cytokine analyses presented in this study were able to do.

Beyond the concerning effects that the inflammatory
microenvironment may have on microfracture-treated car-
tilage and on the healing of this regenerative tissue, there
is also evidence to suggest further long-term joint damage
could result. Prior studies have identified the proinflamma-
tory milieu of synovial fluid at various time points after

ankle fracture, which have been proposed as a contributing
factor to posttraumatic arthritis.3,4 These same studies
have shown that the inflammatory environment persists
well beyond fracture healing, as many of the cytokines and
MMPs remain elevated in the synovial fluid.3 Many of the
same cytokines and MMPs that were elevated in the frac-
ture studies were also found to be elevated in our micro-
fracture samples, suggesting that microfracture may create
a microenvironment similar in nature to a traumatic frac-
ture that is detrimental to long-term healing and outcomes.
Although this study did not investigate long-term microen-
vironment changes of the microfracture samples, it opens
an additional avenue for potential research.

In cases where microfracture fails, particularly in larger
lesions, fresh allograft transplantation is a promising

Figure 4. Cytokine and MMP levels for cultured fresh allograft (gray dots) and failed microfracture (black dots) tissues. Mean
(diamonds) and SD (error bars) are shown in red for both groups. Asterisk denotes significant difference between groups (P < .05).
CTX-II, C-telopeptide fragments of type II collagen; IL, interleukin; INF, interferon; MMP, matrix metalloproteinase; TNF, tumor
necrosis factor.

The Orthopaedic Journal of Sports Medicine Histology of Failed Microfracture of OLT 5



option with a growing number of case series reporting rel-
atively high rates of success for improved pain and function
in OLT lesions.§ In addition, a recent study compared the
short-term success of femoral condylar autograft with fresh
allograft for OLTs and concluded that both methods
resulted in improved function and pain relief with similar
rates, but the use of fresh allograft eliminated the risk of
complications from autograft surgery.5 Further, fresh talar
allografts provide osteochondral tissue from the same ana-
tomic location. Although ankle cartilage is hyaline and sim-
ilar in overall composition to knee cartilage, ankle cartilage
thickness, cell alignment, permeability, and water and pro-
teoglycan content differ significantly from that seen in the
knee and result in ankle cartilage being stiffer and more
resistant to mechanical deformation. Ankle cartilage is also
more metabolically active than knee cartilage and is less
susceptible to proinflammatory mediators.26 Further, the
use of fresh allograft tissue allows the surgeon more free-
dom to better match the shape of the implant tissue to the
lesion because fresh allografts are not limited to smaller,
cylindrical implants traditionally obtained with auto-
grafts.11,12 This is especially helpful with defects involving
a larger area of the talar dome.

Although studies are needed to compare long-term out-
comes, these differences in cartilage characteristics are the
reason fresh allograft was used in this study as the compar-
ison arm. Fresh talar allograft tissue may prove advanta-
geous for certain OLTs because it is better suited for the
application, with near-normal cartilage and subchondral
bone histology and minimal production of inflammatory,
pain, and cartilage-degrading cytokines and MMPs.

As outlined previously, the decision to use fresh allograft
as the control arm in this study was based on 2 primary
factors. While healthy talar cartilage surrounding the
microfracture-treated lesions presented a local source of
presumed healthy, patient-specific comparison tissue,
there were concerns about the ability to obtain enough sam-
ple for analysis. Although undamaged cartilage is removed
during preparation for allograft implantation and could be
used as the control, the quantity is generally limited and
can be compromised in the removal process. In using the
remaining allograft samples, we were able to obtain large,
undamaged specimens of standardized sizes that were ideal
for testing. Second, as the allograft was being transplanted
into the patient, we felt it was important to establish the
baseline histological and cytokine profile of the replace-
ment tissue that we were deeming of high enough quality
to use as long-term replacement tissue, which we felt was
important and added to the foundational understanding of
this procedure. Future work may be able to establish the
histological and cytokine profiles of the healthy surround-
ing tissue but will require a standardization process of tis-
sue removal and handling to ensure quality specimens for
testing.

Regarding allograft quality and the potential alterations
of the sample microenvironment during processing, we are
confident that the uniform nature of the methodology helps

mitigate some of these concerns. As Goodfriend et al15

pointed out in their study on the state of fresh allograft
handling in the United States, each distributor uses their
own proprietary processing technique and each of the major
players in the space uses a different storage medium.
Although it is impossible to know how the specific proces-
sing strategy used by our supplier had affected the samples,
the use of only 1 graft source in this study provided consis-
tency across the analysis. What may be more important to
the findings would be any comorbidities of the donor
patients that could lead to variations of the sample micro-
environment at baseline; however, it was not possible to
obtain this information. Despite these potential concerns,
we are confident in our results, as the cytokine and histol-
ogy data are consistent throughout allograft samples.

While we do not suggest that small OLT lesions be trea-
ted initially with fresh allograft transplantation, this study
highlights factors that may contribute to the failure of some
microfracture procedures. In addition, this study may serve
to identify avenues for future research for early interven-
tion along with the microfracture procedure to enhance
clinical outcomes.

The limitations of this study include small sample size,
unknown histology of the OLT lesions prior to microfrac-
ture, and no comparison with successful microfracture
lesions. Although future research can address the sample
size and histology of lesions prior to microfracture, there is
unlikely to be an avenue for analysis of successful micro-
fracture lesions outside of retrieval of cartilage after unre-
lated procedures.

CONCLUSION

The current study is the first to our knowledge to provide
histologic and secretomic evidence demonstrating insuffi-
ciencies of osteochondral tissue after failed microfracture.
These data demonstrate a significantly rougher cartilage
surface, cartilage and subchondral bone histology that
more closely resembles osteoarthritis, and elevated inflam-
matory cytokines and MMPs responsible for pain, inflam-
mation, cartilage damage, and chondrocyte death when
compared with fresh osteochondral allografts used as
controls.
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