Osteochondral repair in hemophilic ankle arthropathy:
from current options to future perspectives
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Abstract

Young hemophilic patients are frequently affected by
ankle arthropathy. At the end stage of the disease, the
current treatments are arthrodesis and arthroplasty,
which have significant drawbacks. Validated procedu-
res capable of slowing down or even arresting the
progression towards the end stage are currently lac-
king. This review aims to discuss the rationale for and
feasibility of applying, in mild hemophilic ankle arth-
ropathy, the main techniques currently used to treat
osteochondral defects, focusing in particular on ankle
distraction, chondrocyte implantation, mesenchymal
stem cell transplantation, allograft transplantation and
the use of growth factors. To date, ankle distraction is
the only procedure that has been successfully used in
hemophilic ankle arthropathy. The use of mesenchy-
mal stem cells have recently been evaluated as feasible
for osteochondral repair in hemophilic patients. There
may be a rationale for the use of growth factors if
they are combined with the previous techniques,
which could be useful to arrest the progression of the
degeneration or delay end-stage procedures.
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Introduction

Hemophilia is an X-linked recessive coagulopathy in
which blood clotting is impaired due to deficiency of
factor VIII (A type, 85%) or factor IX (B type, 15%)
(1). Hemophilic arthropathy of the ankle remains a
serious and disabling condition, with a peak of inci-
dence in young people (1-3). Recurrent hemarthrosis
causes formation of hemosiderin and iron deposits,
which induces unrestrained and self-perpetuating
inflammation related to reactive oxygen intermediates,
abnormal neoangiogenesis and catabolic cytokines (3).
Enzymatic degradation, synovial invasion and inhibi-
tion of chondrocyte matrix synthesis are the main
mechanisms responsible for the development of
hemophilic arthropathy (3, 4). The end stage of the
disease is characterized mainly by the presence of
abundant arthrofibrosis, muscle atrophy, inflammatory
arthritis, malalignment, low bone mineral density and
subchondral cysts (3, 4). An effective approach for pre-
venting the onset and evolution of the arthropathy,
before or soon after the first bleeding episodes, is pri-
mary prophylaxis, or, alternatively, the more cost-effec-
tive on-demand therapy (2, 5). Secondary prophylaxis,
on the other hand, is a rapid response to an acute
event, able to reduce the occurrence of bleeding episo-
des: nevertheless, joint degeneration is a frequently
described consequence of this approach (2, 5).

Effective prophylaxis, entailing high costs, the deve-
lopment of inhibitors, and good adherence to the the-
rapy, is hard to achieve; hence, there is still room for
new prevention tools and surgical treatments (2, 5).
Due to its good long-term results, synovectomy, using
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chemical or radioactive substances, is recommended
as the first step to take in the attempt to reduce blee-
ding episodes (6-8). In the event of persistent
hemarthrosis, a surgical synovectomy, preferably per-
formed arthroscopically, is advisable, associated with
articular debridement (6-8). Arthroscopic synovec-
tomy with articular debridement is an effective and
well tolerated treatment in children and adolescents: it
is particularly recommended in cases of mild arthro-
pathy (7, 8). Even though eatly treatment may arrest
the degeneration in selected cases, sometimes the pro-
gression to degeneration cannot be arrested, either
with these strategies, or by performing an osteotomy
to correct malalignment. Thus, arthrodesis or arthro-
plasty are the necessary end-stage treatments (6, 9).
Ankle arthrodesis, possibly performed arthroscopi-
cally, is the gold-standard technique in hemophilic
ankle arthropathy, giving successful long-term results;
however, the excessive mechanical stress associated
with this treatment may lead to eatly degeneration of
the midfoot and hindfoot joints (9, 10). In recent
years, ankle replacement has been considered a valua-
ble option, confirmed by good clinical results (in pat-
ticular as regards pain control) at short-term follow-
up (11,12). That said, limited survivorship of the
implant may result in the need for total ankle replace-
ment revisions in young patients (11,12).

Among the various symptomatic procedures and end-
stage treatments, a disease-modifying procedure is still
lacking, even though such a procedure may be desira-
ble, considering the many drawbacks of the current
end-stage techniques and the young age of the
patients involved. Due to the good results they have
given in osteochondral lesion repair, some techniques
may be suitable for treating osteochondral defects in
moderate hemophilic arthropathy, with the intent of
delaying or possibly avoiding recourse to end-stage
procedures (13). This narrative review focuses on
several new techniques used in the treatment of osteo-
chondral defects — arthrodiatasis, autologous chon-
drocyte implantation (ACI), mesenchymal stem cell
(MSC) transplantation, allograft transplantation and
the use of growth factors (GFs) —, evaluating their
current applicability and future perspectives as treat-
ments for moderate hemophilic ankle arthropathy.

Literature review

The current English language literature on ankle dis-
traction, ACI, MSC transplantation, allograft transplan-
tation and GFs, present in the PubMed database, was
reviewed to assess the potential for using these techni-
ques in hemophilic joints. The database was systemati-
cally searched for information on the outcomes of
these techniques in ankle degenerative disease and
osteoarthritis, in order to evaluate their feasibility and
applicability in degenerated inflamed ankle joints. The
rationale for this strategy was the evidence, detailed in a
review by Valentino (3), of similar pathogenetic featu-
res in hemophilic arthropathy and osteoarthritis. The
reference lists of the papers were also analyzed for fur-
ther data sources. At present there appear to be only
two published papers that strictly deal with hemophilia
and the aforementioned techniques: the work by Von
Meegeren et al. on arthrodiatasis and the study on MSC
transplantation by Ebihara et al. (14,15).

Ankle distraction

Ankle distraction has recently been used to treat three
young patients with hemophilic arthropathy of the
ankle, achieving clinical and radiological improvement
at short-term follow-up, with no significant blood loss
(14). The Authors considered this application justified
by the noteworthy clinical outcomes of previous stu-
dies in ankle osteoarthritis. In a work by Ploegmaker et
al., joint distraction achieved good and durable clinical
results (73% of the cases) in post-traumatic ankle
osteoarthritis at a minimum follow-up of seven years
(16). In a randomized controlled trial, ankle distraction
outcomes at short-term follow-up were supetior to the
outcomes obtained in a debridement control group,
with distraction found to result in lower subchondral
bone sclerosis and higher cartilage thickness (17). A
paper on CT examination at two-year follow-up after
joint distraction and articular debridement highlighted a
normalization of subchondral bone density, with
reduction of cysts and sclerosis; cartilage thickness was
also found to be improved (18). In another study by the
same Authors, in which they treated osteoarthritic
knees with distraction, an analysis of collagen II bio-
markers was positive for collagen synthesis, suggesting
the presence of hyaline-like cartilage restoration at
short-term follow up (19). Beyond the improvements
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linked to mechanical interventions, an 7 vitro study
highlighted a higher presence of anabolic GFs (TGF-
beta, BMPs) than of catabolic cytokines (ITNFa e IL1);
the Authors also found that intermittent fluid move-
ment was able to promote matrix synthesis by chon-
drocytes and MSC (20). Nevertheless, ankle distraction
should not be expected to provide a quick recovery, as
the device needs to be applied for at least two-three
months and clinical benefits are not reported before six
months (21). Moreover, Saltzmann et al. reported a
moderate rate of infectious and neurological complica-
tions with this treatment (21).

Autologons chondrocyte inmplantation

It has been suggested that ACI might constitute a pos-
sible treatment of osteochondral defects in hemophilia,
but to date 7 vitro and in vive applications are still lacking
(13). ACI was introduced for the repair of pure osteo-
chondral lesions of the knee in 1987 by Brittberg, after
which many technical tips were advanced to refine the
procedure (22). Comparison of outcomes between
osteochondral lesions treated with ACI and lesions
treated using other techniques, namely mosaicplasty
and microfractures, showed no substantial difference
(22). The results of ACI in osteochondral lesions of the
ankle have been described as encouraging on the basis
of biopsy studies showing hyaline cartilage restoration,
and MRI quality evaluation (23). Osteoarthritis is tradi-
tionally considered one of the main limits of the ACI
technique (22, 24, 25). Filardo et al., studying matrix-
assisted chondrocyte transplantation in early osteoarth-
ritic knees, found that the procedure resulted in poor
patient satisfaction, low clinical and functional outco-
mes and a high rate of failures (27%) at mid-term fol-
low-up (25). Conversely, other papers support the use
of ACI in osteoarthritis: Minas et al., in a study of 155
knees of young people with early osteoarthritis, showed
that 92% of patients had no need of arthroplasty at five
years (20). This latter finding was substantially in line
with work by Desando et al. in an animal model: rabbit
early-osteoarthritic knees, treated with a hyaluronic
scaffold and ACI, showed histological improvement of
the osteochondral layer, with a significant presence of
collagen II. However, early intervention was considered
mandatory (27).

Autologons mesenchymal stem cell transplantation
Although there has, as yet, been no clinical application

of MSC transplantation in hemophilia, in recent years
the possibility of concrete application of the techni-
que in this setting has been generating considerable
interest (13, 15) (Fig. 1). The logic for performing
autologous MSC transplantation is that the technique
exploits the regenerative potential of pluripotent cells
and allows the restoration of an osteochondral layer
that, displaying hyaline-like features, is very similar to
the previous, worn one. MSC transplantation has been
used in many trials and studies focusing on osteo-
chondral lesions, giving remarkable results characteri-
zed by the regeneration of hyaline-like tissue, even in
ankle defects (28, 29). Like ACI, MSC transplantation
has been considered unsuitable as a treatment for
osteoarthritis due to the deleterious effects of inflam-
mation on MSC (30). Nevertheless, a rationale for the
application of MSC in osteoarthritic joints has re-
cently been shown (31). Interesting results in osteo-
arthritis have been provided by an animal model,
where MSC were applied on a scaffold, and by i vive
studies, where MSC were injected (32, 33). To date, the
best quality research into the possible use of MSC in
osteoarthritic joints is that performed by Wakitani et
al. (34). They applied autologous expanded mesenchy-

Fig. 1. A coronal MRI scan of bilateral hemophilic ankle arthropathy
in a 24-year-old man, affected by hemophilia type B. It is possible to
observe whole joint degeneration with extensive involvement of the
osteochondral layer and joint space reduction. This patient under-
went autologous mesenchymal stem cell transplantation as a salvage
procedure.
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mal cells (a two-step approach) with a collagen gel
during high tibial osteotomy in varus osteoarthritic
knees; the results were compared with those obtained
in a cell-free group treated with microfractures, or
abrasion, and realighment. After 42 weeks, the
second-look arthroscopic evaluation highlighted the
presence of soft cartilage with some hyaline-like fea-
tures in the MSC group, but not in the control group.
In line with Wakitani et al., Veronesi et al. concluded
that the two-step approach may be more desirable in
degenerated joints, as the extracellular matrix may pro-
tect the cells from the inflammatory environment
(28,34). Given the good results obtained in arthritic
knees, and with a view to starting a clinical trial,
Ebihara et al. studied the feasibility of autologous
MSC in hemophilic patients (15). Three patients un-
derwent a bone marrow aspiration from the iliac crest.
When cultured with autologous serum and expanded,
MSC were found to display phenotypic and genotypic
features similar to those of the cells of healthy indivi-
duals, including the capacity to differentiate into a
chondrogenic lineage. The number of cells per mL
sufficient to achieve adequate repair of osteochondral
defects in osteoarthritic joints was established accor-
ding to previously stated parameters (35).

Allograft transplantation

In advanced centers, allograft transplantation has
recently become a remarkably popular technique, due
to the lack of quality studies on the previously descri-
bed techniques; furthermore, allograft transplantation
has the noteworthy advantage of being able to fill
massive osteochondral defects without the need for
autologous cells or tissue (30). Nevertheless, no i vitro
or in vivo works are currently available on allograft
transplantation in hemophilia. In a study by Haene et
al. (36), 17 ankles underwent fresh osteochondral allo-
graft transplantation for large and deep defects and
were clinically and radiologically evaluated at four-year
follow-up. Four of the 17 ankles had excellent outco-
mes; five failed. Radiological evaluation showed seve-
ral cases of degenerative signs, even in other parts of
the ankle joint. In a study by Bugbee et al. (37), in
which 88 ankles underwent bipolar fresh osteochon-
dral transplantation to treat symptomatic osteoarthri-
tis, the survivorship of the allograft was estimated to
be 76% at 5 years and 44% at 10 years. This long-
lasting survivorship may have been facilitated by colo-

nization of the allograft by host cells, improving its
integration (38). Nevertheless, in Bugbee’s report, the
clinical failure rate stood at 29%, which is higher than
that of arthrodesis or arthroplasty case seties (37).

Growth factors

GF's have been intensively used in recent years, due to
their anabolic effects on chondrocytes, synoviocytes,
bone marrow-derived cells and matrix production in
general; however, there has been no work focusing spe-
cifically on hemophilia (39). Mei-Dan et al., in a rando-
mized control trial, studied the administration of plate-
let-rich plasma (PRP) and hyaluronic acid in osteochon-
dral lesions of the talus, and reported good clinical
results at six months (40). In a review by Filardo et al.,
the treatment of knee chondral damage with PRP
resulted in limited and not durable improvements,
moreover mostly restricted to young people with only
modest signs of osteoarthritis (41). Recently, GFs have
been used along with reparative-regenerative techni-
ques for osteochondral state improvement. In a work
by Lee et al.,, two groups of patients older than 40 years
were treated with microfractures for osteochondral
lesions of the knee (42). The group in which PRP was
administered intra-operatively had better clinical results,
with a better quality of cartilage at the second-look
arthroscopy (harder and thicker than in the control
group). Similarly, platelet rich fibrin has been administe-
red after MSC transplantation in osteochondral lesions
of the talus, in order to promote cell differentiation and
implant stability (29). A more modern and futuristic
perspective was provided by Gelke et al., who showed
that gene therapy, along with chondrogenic progenitor
implantation, may be a way of enhancing anti-inflam-
matory cytokine expression, in order to improve osteo-
chondral regeneration (43). This approach may impro-
ve the inflammatory, degenerative joint environment
after a traumatic insult. The introduction of an anti-
inflammatory and GF therapy along with matrix-assi-
sted chondrocyte implantation was proposed as a pos-
sible procedure in joint degeneration, able to protect
cells and stimulate the restorative process (44).

Discussion
End-stage procedures in hemophilic arthropathy may

be poorly accepted by young patients and can present
significant drawbacks, for example progression of
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midfoot or subtalar joint degeneration or limited sut-
vivorship of the prosthesis (9-12). There is currently
increasing interest in the restoration of osteochondral
defects in moderate ankle hemophilic arthropathy
using novel procedures (13). The current literature
describes several promising techniques, but only for
focal osteochondral lesions, given that joint degenera-
tion, large defect size and hemophilic arthropathy are
all considered contraindications (13). Nevertheless,
given the scarcity of available literature and the fact
that no minimally invasive procedure has been valida-
ted for hemophilic arthropathy, it seems opportune to
critically analyze the state-of-the art techniques for
osteochondral repair also from the perspective of
their possible application in this disease. The aim of
treatment is to reduce the highly catabolic environ-
ment of affected joints, which is responsible for carti-
lage degeneration, in order to slow down, and hope-
fully arrest, the progression of arthritis. Among the
more recent procedures with a regenerative aim, chon-
drocyte implantation is one of the most widely adop-
ted and it has been shown to be successful for osteo-
chondral lesion repair (22). Conversely, according to
the current literature, degenerated joints do not seem
to benefit from this approach (25). Since hemophilic
arthropathy induces a complex, degenerated and infla-
med joint environment, ACI may not be effective if
applied to treat joint degeneration in hemophilia (25).
If used with the aim of controlling the progression of
osteoarthritis, ACI could nevertheless have a role in
the very eatly stage of the disease, i.c. in the treatment
of the focal, isolated osteochondral lesions in hemo-
philic ankles with no signs of arthropathy.

Allograft transplantation is a technique used to replace
the ankle osteochondral layer. When assessing whe-
ther allograft transplantation is indicated, it should be
born in mind that it has a considerable failure rate,
particularly in large defects and bipolar graft trans-
plantation (36, 37); moreover, it is a technically de-
manding, open-field technique associated with signifi-
cant tissue trauma, which remains a relative contrain-
dication in hemophilia. It may be indicated in hemo-
philic ankle arthropathy only as a revision surgery pro-
cedure after failed restoration of the osteochondral
layer, in patients unwilling to undergo arthrodesis and
arthroplasty.

The current literature seems to support the use of
ankle distraction and MSC transplantation in degene-

rated joints in pursuit of a whole-joint approach given
that they can produce inflammatory status improve-
ment and osteocartilaginous layer repair. With regard
to hemophilia, ankle distraction showed encouraging
short-term clinical and radiological results in three
hemophilic patients affected by ankle arthropathy
(14). Even though the evidence of hyaline cartilage
regeneration still needs to be clarified and strengthe-
ned, this technique can currently be considered part of
the treatment paradigm for hemophilic arthropathy
(14, 19, 21).

The good outcome in osteochondral lesions and more
recently in osteoarthritis has prompted consideration
of the use of MSC in hemophilia, as it offers the pos-
sibility of restoring a good clinical status and repairing
osteochondral defects while exploiting the associated
anti-inflammatory effect of MSC in the joint environ-
ment (31,34). Ebihara et al. showed the feasibility
using of MSC in hemophilic patients, highlighting the
chondrogenic potential of these cells (15).
Nevertheless, clinical application in hemophilic joints
is still lacking, as is histological evidence of hyaline
regeneration in degenerated joints (Fig. 2).

The use of GFs is a very interesting approach, both in
conservative and surgical treatments (41). A fascina-
ting approach may be the integration of GFs with pre-
vious techniques, as a means of enhancing cell diffe-
rentiation and proliferation. Another stimulating futu-
re perspective for hemophilic patients may be offered
by gene therapy, used as a means of conveying some

Fig. 2. Two sagittal MRI scans of hemophilic ankle arthropathy in a
27-year-old man treated with a large debridement, synovectomy and
autologous mesenchymal stem cell transplantation using the “one-
step” technique, after six months. Few signs of osteochondral layer
regeneration can be identified, but a large subchondral edema was
still evident: the patient had quite an encouraging clinical outcome
(AOFAS score: 77 points).
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anti-inflammatory cytokines to inflamed joints (44).
Young hemophilic patients with mild signs of ankle
degeneration in whom other more conservative
approaches fail are ultimately addressed to end-stage
treatments, even though these have many drawbacks.
There is now evidence coming from the literature on
osteoarthritis which suggests that promising new tech-
niques with regenerative purposes may find applica-
tion in hemophilic arthropathy; these include, in parti-
cular, ankle distraction and autologous MSC trans-
plantation, on account of their capacity to control
degenerative and inflammatory processes. Both tech-
niques may benefit from the application of GFs, and
in the future from the development of gene therapy.
Even though hemophilic arthropathy is a rare condi-
tion, there is a real need for scientific studies able to
answer the various questions arising from the literatu-
re and ultimately provide an effective solution for
hemophilic patients with arthropathy.
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