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ABSTRACT

Arthropathy is a serious and common problem in patients with hemophilia impairing the
patient’s quality of life seriously. The most commonly affected joints in hemophilic arthropathy
are knees, ankles and elbows. Even a single bleeding could cause devastating effects to
synovium, cartilage and also subchondral bones. Ultrasound and magnetic resonance imaging
have been advocated for the studying of cartilage damage. Prophylaxis has been demonstrated
as a standard choice of management to prevent hemophilic arthropathy development. Primary
prophylaxis starting at early years of age is very important to prevent hemorrhages but secondary
prophylaxis in adolescents has also significant success rates. As the duration of exposure to the
blood increases in the joint cavity, degeneration of the cartilage matrix and resultant cartilage
loss also increase, so the aspiration of the hematoma from joint plays an important role in
prevention of the disease progression. Synovectomy may be required in cases where prophylaxis
and aspiration does not prevent the recurrent hemorrhages. The purpose of synovectomy either
with medical or surgical methods is to remove the problematic synovium to prevent the
progression of hemophilic arthropathy. Medical synovectomy (synoviorthesis) has two basic
types; radiosynovectomy and chemical synovectomy and the former one is appearing to be more
effective with an about 85% success rates. If all of these measures fail to prevent the progressive
cartilage damage, open or arthroscopic synovectomy, arthrodesis of the affected joint or even
arthroplasty could be necessary. Here we tried to summarize the pathological mechanism,
diagnosis and management of hemophilic arthropathy in children.
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0z

Hemofili hastalarinda yaygin olarak gbzlenen artropati, yasam kalitesini ciddi bicimde bozan
bir problemdir. Hemofilik artropatide en sik etkilenen eklemler dizler, ayak bilekleri ve
dirseklerdir. Eklem i¢inde gbzlenen tek bir kanama bile sinovyum, kikirdak ve subkondral
kemikler dahil eklemin tiim bilesenlerinde yikici bir takim etkilere neden olabilir. Kikirdak
hasar1 ve artropatinin erken donem degisikliklerinin incelenmesi i¢in daha ¢ok ultrason ve
manyetik rezonans gortintilleme kullanimi 6nerilmektedir. Profilaksi, hemofilik artropati
gelisimini 6nlemek i¢in standart bir tedavi segenegi olarak gosterilmistir. Erken yasta baslanan
primer profilaksi kanamalarin 6nlenmesi acisindan ¢ok onemlidir ancak addlesan dénemde
baslanan sekonder profilaksinin de tekrarlayan kanamalarin dnlenmesi ve kikirdak hasarmin
gelisiminin geciktirilmesi konularinda sagladigi ciddi faydalar1 bilinmektedir. Eklemin
kanamaya maruz kalma siiresi arttik¢a, kikirdak matriksinin dejenerasyonu ve buna baglh
kikirdak kaybi da artacagi i¢in eklem igindeki hematomun aspirasyonu hastaligin ilerlemesinin
onlenmesinde oOnemli rol oynar. Profilaksi ve aspirasyonun tekrarlayan kanamalari
engelleyemedigi durumlarda ise hastalara sinovektomi uygulanmasi gerekebilir. Gerek
medikal gerekse cerrahi yontemlerle yapilabilen sinovektominin amaci sorunlu sinovyumu
ortadan kaldirarak hemofilik artropatinin ilerlemesini onlemektir. Tibbi sinovektomi
(sinoviyortez) radyosinovektomi ve kimyasal sinovektomi olarak iki farkli baslik altinda
incelenebilir. Bunlardan radyosinovektominin yaklagik %85 basar1 orani ile kimyasal
sinovektomiye gore daha etkili oldugu bildirilmektedir. Tiim bu dnlemlerin ilerleyici kikirdak
hasarini 6nlemede basarisiz oldugu durumlarda, agik veya artroskopik sinovektomi, etkilenen
eklemin artrodezi ve hatta artroplasti gibi uygulamalara ihtiya¢ duyulabilmektedir. Burada,
cocukluk caginda gozlenen hemofilik artropatinin patofizyolojisi, teshis yontemleri ve
tedavisinin giincel literatiir esliginde tartisilmas1 amaglanmistir.

Anahtar kelimeler: Hemofili; artropati; sinovit; tanisal goriintiileme.
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INTRODUCTION

Deficiency of specific coagulation factors like factor VIII
(FVHI) and factor 1X (FIX) causes hemophilia A and B
respectively (1). The diseases are divided into three
different degrees of severity according to the remaining
defective factor activity level; severe, moderate and mild.
Factor activity is less than 1% in severe, between 1 to 4%
in moderate and between 5 to 40% in mild cases (2). The
responsible genes to synthesize FVIII and FIX are located
on the chromosome X. The prevalence of hemophilia is
about 1 to 2 per 10.000 men and hemophilia A is 4 times
more common than hemophilia B (3). Although they are
well-known pathologies all over the world and there are
very effective treatment modalities; if not managed
properly since infancy, they could cause some lifelong
disabilities (4). One of the most significant and disabling
complications of hemophilia is hemophilic arthropathy
(HA). In HA, repeated intra-articular bleedings that
commonly seen in patients with severe hemophilia are
responsible from the pathology and the knees, the elbows
and the ankles are affected in most of the times from this
complication (5). Different levels of dysfunction caused by
HA can affect a person’s quality of life severely. In this
study it is aimed to elucidate pathophysiology, diagnosis,
management modalities of HA in the light of the current
literature.

PATHOPHYSIOLOGY

Recurrent bleeding is one of the major problems in patients
with severe hemophilia eventually causing HA. Even a
single bleeding could cause some devastating effects to all
components of the joint (6). The elbows, the knees, hips and
the ankles are the major joints affected by HA (7). Intensive
mechanical forces and rich vascularization in these joints
could be the cause of this high frequency. Blood clotting is
already impaired even in a normal joint space and also local
fibrinolysis is increased in hemophilic patients (8). The risk
of recurrent bleedings increases with the formation of new
and brittle vessels along with the synovial thickening after
first hemorrhage. The pathophysiology of the joint
disease in HA patients could be analyzed in three different
sub-headings; synovium, cartilage and bone problems.
Synovium

The synovial tissue is the main cleaner of the joint cavity
from the blood remnants especially erythrocyte derived
iron. The synovium contains fibroblast like synoviocytes
(FLSs). FLSs provide extracellular matrix and produce most
of the constituents of the synovial fluid (9). In severe and
recurrent cases of hemarthroses, the capacity of the
synovium to carry the iron outside the joint is overwhelmed.
The iron, accumulated in the synovial tissue in the form of
hemosiderin, causes some pathological changes in this
tissue like inflammation, hyperplasia and angiogenesis
(10,11). The increased deposition of iron in the synovial
tissues can also exaggerate the production of some
cytokines like tumor necrosis factor (TNF)-a, interferon-c,
interleukin (IL)-1 and IL-6 and can directly induce receptor
activator of nuclear factor-k B ligand (RANKL) to promote
synovial hypertrophy (12). Synovial hypertrophy and
thickening are the major pathological changes seen in HA
patients and caused primarily by increased fibroblast
proliferation and expression of some disrupted oncogenes.
The oncogenes c-myc and mdm2 are highly present in the
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HA patients’ synovium (13,14). The expression of
oncogenes is thought to be related to the production of
excessive amount of FLSs, monocyte infiltration and cell
cycle arrest through the inhibition of direct apoptosis in
patients with arthritis (15,16). These changes start a vicious
cycle of repeated bleeding and chronic synovitis.
Cartilage

Cartilage degeneration mechanism in HA patients is
complex and generally results from synovitis, bleeding
into the joint and also mechanical stresses. The joint
damage has both inflammatory and degenerative
characters like in rheumatoid arthritis and osteoarthritis
respectively (17). Production of some inflammatory
cytokines like IL-1, IL-6 and TNF-a and proteases by
synovial tissue causes degradation of cartilage (18). Also
these mediators exacerbate synovial hypertrophy and
neovascularization after recurrent bleeding into the joint
(19). In addition to the cartilage damage caused by the
synovitis via indirect ways, presence of the blood in the
joint space itself causes direct damage to the cartilage. This
explains the severity of the cartilage destruction in HA
patients is more than in the inflammatory and degenerative
arthritis patients. In an experimental study by Jansen et al.
(20), synovial inflammation and apoptosis were shown
even after only one bleed into a joint. Cartilage damage
caused by synovial production of pro-inflammatory
cytokines can be reversible after a single bleed because the
chondrocytes could remain viable; but the blood causes
extracellular matrix degradation and chondrocyte
apoptosis by direct effect resulting irreversible damage
(21). Destruction of the cartilage is directly related to the
exposure time and blood concentration in the joint (22).
Bone

Patients with HA have some degree of systemic
osteoporosis and local bone loss. Systemic osteoporosis is
associated with short stature, lower body weight, decreased
activity levels and some infectious diseases like hepatitis C
and HIV (23). Local bone changes around the joints include
cyst formation, subchondral sclerosis, osteophyte formation
and epiphyseal enlargement (24). Cartilage degeneration
could be the primary cause of bone loss in HA patients but
the exact mechanism of bone changes are not well known.
Even a single bleed might induce the bone loss and this loss
can be exaggerated by inactivity, muscle weakness and
recurrent bleeding (11). The RANKL/osteoprotegerin
pathway plays an important role in regulation of bone
turnover. This pathway induces osteoclast differentiation
and maturation finally causing bone resorption. As in
patients with osteoarthritis, HA patients also have a higher
incidence of RANKL overexpression in the affected joints
(25). In addition, pro-inflammatory cytokines such as IL-1,
IL-6 and TNF-a released in response to the synovitis, could
increase the expression of the RANKL in HA patients (26).
Subchondral bone cysts are the other prominent features of
HA but the mechanism of its occurrence is not fully
understood (27).

IMAGING

Plain Radiography

The plain radiography has been used successfully in
evaluating the HA. It can show arthropathic changes like
osteonecrosis, subchondral cysts, joint space narrowing
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and angular problems (Figure 1). The Pettersson score for
staging the HA using plain radiography is accepted in 1981
by the World Federation of Hemophilia (28). Each
abnormality is graded from 0 to 2 in this scoring system
and the highest score could be 13 (Table 1).

While the plain radiography is used in staging the disease,
it cannot evaluate the early period of the joint involvement.
For this reason, ultrasound (US) and magnetic resonance
imaging (MRI) have been advocated for the studying of
cartilage damage and early changes of HA.

Ultrasound

The joint damage and bleeding into the joint could be
detected by US in patients with HA (29). It can show
osteophytes, chondral defects and synovitis. With the help
of Power Doppler US, hyperemia of the synovium caused
by hypervascularity in asymptomatic patients might be

Table 1. The Pettersson scoring system for hemophilic
arthropathy grading by plain radiography

Radiographic finding Score
Osteoporosis

Absent 0

Present 1
Enlarged epiphysis

Absent 0

Present 1
Irregular subchondral surface

Absent 0

Partially involved 1

Totally involved 2
Narrowing joint space

Absent 0

>1mm 1

<lmm 2
Subchondral cyst formation

Absent 0

1 cyst 1

>1 cyst 2
Erosion of joint margins

Absent 0

Present 1
Gross incongruence of articulating bone ends

Absent 0

Slight 1

Pronounced 2
Joint deformity (angulation, displacement, or both)

Absent 0

Slight 1

Pronounced 2

Figure 1. A 23-year-old female patient with an advanced
ankle arthopathy secondary to hemophilia
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diagnosed in early periods and this can help to prevent the
progression of the joint damages (30). Also Doppler could
differentiate the normal synovial flow and synovitis. But
the Doppler imaging has some difficulties in detecting the
severity of the bleeding in the joint, and accepted to be a
key tool to predict the risk of hemorrhage rather than the
active disease (31). Despite its limited ability for
comprehensive evaluation of some details about cartilage
defects, synovial changes and subchondral bone; it still
maintains its value especially in children because it does
not require sedation, can examine many joints in a single
session and does not require special positioning.
Magnetic Resonance Imaging

Early detection of effusion in joints, synovitis, bony edema
and cartilage involvement can be evaluated by MRI easily.
MRI is also sensitive for the visualization of hemosiderin
deposits in joints (32). In a prospective study to determine
the relationship of MRI findings with joint functions, MRI
revealed chondral and synovial abnormalities in 30% of
Pettersson grade 0 patients (33). In this study, presence of
hemosiderin was found to be related with the time elapsed
between last bleeding and MRI evaluation; recent bled
joints were showing significant hemosiderin deposits. But
the clinical implications of finding abnormalities in MRI
but not in Pettersson scoring system remain unclear.
Although MRI is superior to US in evaluating the joint
surfaces, the examination time is longer, only one joint can
be evaluated at a session and sedation may be required with
MRI. US should be the primary choice of screening method
especially in patients with multi joint involvement and
patients requiring repeated follow-up examinations (24).

MANAGEMENT

Prophylaxis

Prophylaxis has been demonstrated as a standard choice of
management to prevent HA development. Primary
prophylaxis starting at early years of age is very important
to prevent hemorrhages but secondary prophylaxis in
adolescents has also significant success rates (34). In a
prospective large cohort study by Manco-Johnson et al.
(35), the patients with severe hemophilia A taking regular
infusions of recombinant factor VIII (prophylaxis) had les
joint damage and decreased frequency of hemarthrosis
than patients taking factor VIII at the time of bleeding
periods (enhanced episodic treatment). Because the high
cost of recombinant factor VIII is a significant barrier to
be a standard care of prophylaxis worldwide, early
detection and monitoring of the joint pathology after the
bleeding and just before the joint damage had start is very
important.

Joint Aspiration

As the duration of exposure to the blood increases,
degeneration of the cartilage matrix and resultant cartilage
loss also increase (36). If the blood in joint cavity is not
evacuated at an early period of time, proteoglycan
synthesis will be impaired and the chondrocyte apoptosis
starts. Aspiration of the joints in patients with higher
degree of arthropathy is not indicated because of the
benefits thought to be taken by this method is very limited.
Today, the mostly accepted modality of management for
the acute hemarthrosis in hemophilic patients includes;
early factor replacement if possible, joint aspiration,
splinting of the extremity to reduce the recurrent bleedings,
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ice applications and cyclooxygenase-2 inhibitors to relieve
pain in selected cases (37,38).

Synovectomy

After the several trials of injections and other conservative
measures fail to solve the bleeding episodes and
progressing arthropathy in  hemophilic patients,
synovectomy should be considered (39). The purpose of
synovectomy either with medical or surgical methods is to
remove the problematic synovium to prevent the
progression of HA. Medical synovectomy (synoviorthesis)
has two basic types; radiosynovectomy and chemical
synovectomy. Mostly intra-articular injections of
rifampicin and oxytetracycline chloride are used for
chemical synovectomy. Intra-articular injections of
radionuclides 90Y (yttrium-90) (knees) and 186Rh
(rhenium-186) (elbows and ankles) are used commonly for
radiosynovectomy (40). Radiosynovectomy appears to be
more effective than chemical synovectomy with an about
85% success rates. The safety of these radionuclide agents
has been proven by more than 40 years of experience with
no reported damaging effects (37). Synoviorthesis should
be performed as early as possible to inhibit the chondral
damage. Some patients do not need repetitive
synovectomy and these patients can continue their lives
without bleeding for years. However, in some cases,
arthroscopic or open synovectomy should be considered in
patients who do not benefit from medical synovectomy
repeated 3 times consecutively (41). Arthroscopic
synovectomy provides approximately 95% reduction in
hemarthrosis attacks (42). But this procedure needs
prolonged factor replacement and postoperative
physiotherapy. Especially in children, if possible
radiosynovectomy should be the primary choice of
synovectomy methods.

Orthopaedic Procedures

Prophylaxis with appropriate factor replacement, joint
aspiration with or without steroid injections and
radiosynovectomy are the primary care of the children
with HA. If all these measures fail to protect the joint from
damaging effects of bleeding, arthroscopic synovectomy
might be considered with handling its difficulties. More
advanced orthopedic procedures should be taken into
consideration after all strategies are insufficient in HA
management (43). Arthrodesis can be applied to the
patients with severe ankle and elbow arthropathies. In knee
and hip joints, arthroplasty option can be considered as a
last choice after the age of 18 because of its high
complication rates (44). Care should be taken after blunt
injury to the quadriceps or gluteal region. Hematoma may
shift into compartment syndrome and finally contracture
in the long term if it does not managed well. In young adult
ages these patients need joint replacement and most
common challenging part of the surgery is handling with
contractures and deformity.

CONCLUSION

The mechanism of the joint degeneration in hemophilia
patients is complex and not fully understood but the key
factor triggering the pathological processes is bleeding
into the joint. The joint enters a vicious circle of damage
due to the hemorrhage and synovitis, this result in
progression into severe arthritis, so the early diagnosis and
treatment of this hemorrhage is crucial. US helps in early
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diagnosis and is a good choice of screening tool for
multiple joint involvement and MRI plays an important
role in detailed assessment of the joint. Prophylaxis with
factor replacement, aspiration of the hematoma and
synovectomy are the management options of HA. After the
onset of the severe arthropathy, there are little amount of
treatment modalities in children like arthrodesis or
arthroplasty.
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