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1HAEMOPHILIA
Haemophilia is an x-linked recessive hereditary blood clotting disorder, with a prevalence 

of 1 in 5.000 males. Persons with haemophilia have a deficiency or lack of clotting factor VIII 

in haemophilia A or clotting factor IX in haemophilia B, which impairs blood coagulation. 

Bleeding tendency is dependent on the residual clotting factor level and classified as severe 

(<1 % factor VIII or IX), moderate (1-5% factor VIII or IX) and mild (5-40% factor VIII or IX) 

haemophilia[1]. Persons with severe haemophilia can experience bleeding without a clear 

cause. Moderate haemophilia is characterized by a variety of symptoms ranging from no 

bleeds to frequent bleeding. Persons with mild haemophilia are only affected by bleeding 

after trauma or surgery. Approximately 70-80% of all bleeds occurs in larger synovial joints 

(haemarthrosis), followed by 10-15% muscle bleeds[2]. Currently, the preferred treatment 

for persons with severe haemophilia is regular (prophylactic) treatment with clotting factor 

replacement therapy, continued for life[2, 3]. Prophylactic therapy came available in 

the 1970s and is proven effective to prevent bleeding. However, even under prophylactic 

therapy persons with severe haemophilia experience annually approximately 2 joint 

bleeds[4]. Furthermore, clotting factor replacement is associated with high costs; average 

annual costs of prophylaxis in the Netherlands are 180.000 US$ per patient[5]. Persons 

with haemophilia born before the introduction of prophylactic therapy experienced many 

more bleeds during their childhood, resulting in multiple arthropatic joints. 

HAEMOPHILIC ARTHROPATHY
Osteochondral changes after joint bleeds result from direct and indirect blood-induced 

mechanisms(6). Intra-articular blood causes apoptosis of chondrocytes, resulting in an 

impaired matrix turnover and direct blood related cartilage damage. Indirect effects of 

blood on cartilage start with the release of iron by intra-articular blood, which will be 

removed by the synovium. After a major bleed or recurrent bleeding in the same joint, 

the capacity of the synovium is exceeded and iron accumulates in the synovial tissue 

in the form of haemosiderine. This will cause hypertrophy and hyper vascularization 

of the synovium, increasing the bleeding risk. Furthermore, it evokes an inflammatory 

process, releasing destructive cytokinen and proteasen. The combination of direct 

and indirect blood-related mechanisms results in osteochondral changes comparable  

to osteoarthritis[7].

The clinical characteristics of haemophilic arthropathy are pain, limited range of motion 

and atrophy of the surrounding muscles. HA generally occurs in ankles, elbow and knees, 

which are most affected by joint bleeds. Shoulders and hips are affected to a lesser extent. 

Persons with haemophilic arthropathy can experience both intra-articular joint bleeds and 

arthropathy related complaints. Overlap in symptoms between joints bleeds and flare-ups 

of HA complicates differentiation. Adequate differentiation enables optimal treatment and 

limits health care costs. Since most persons with severe haemophilia treat themselves at 
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1 home, differentiating between joint bleeds and flare ups of arthropathy is generally done 

by patients themselves. 

SELF-MANAGEMENT
According to the newly proposed concept of positive health, health is defined as 

“the ability to adapt and to self-manage, in the face of social, physical and emotional 

challenges”[11]. This concept emphasizes the ability to participate in society in a meaningful 

way. Throughout life, persons with haemophilia have to deal with haemophilia related 

challenges, varying according to age. The comprehensive care team supports patients 

to optimize self-management, with a specific role for the physiotherapist in supporting 

patients with bleed recognition, early detection of impairments in joint health, activities and 

participation by regular monitoring and supporting patients in achieving and maintaining 

optimal movement behaviour. 

EVALUATION OF JOINT HEALTH, ACTIVITIES AND 
PARTICIPATION 
Persons with HA regularly experience limitations in activities of daily living and leisure 

or sport which may lead to limitations in participation in society. However, self-reported 

bleeding used to be the main outcome measure of haemophilia treatment. Recent 

studies recommend including all levels of the World Health Organizations International 

Classification of Functioning (ICF; including body functions, activities and participation)[8]. 

Monitoring on all ICF levels enables early detection of changes and therefore adaptation 

of prophylactic therapy or initiation of physiotherapy treatment. When these adaptations 

are insufficient, a physiatrist or orthopedic surgeon may be consulted. Timely identification 

of support needed is therefore essential to maintain optimal participation.

MOVEMENT BEHAVIOUR
In the general population movement behaviour has significant impact on health outcome. 

A person’s movement behaviour is considered a combination of day time physical activity 

and sedentary behaviour[9]. In patients with osteoarthritis avoidance of activities and 

more sedentary time induce a negative vicious circle of disuse, loss of muscle mass, 

impairments in joint stability, proprioception and postural control and increased limitations 

in activities[10]. Given the similarities in pathogenesis of HA and OA, we expect that 

persons with haemophilia are more often sedentary leading to increasing limitations in 

activities and participation[7]. Pursuing optimal movement behaviour requires high level 

self-management skills, support from the HTC might therefore be needed. 

The aim of this thesis was to provide a basis for the evaluation of joints, provide a basis 

for monitoring joint health, activities and participation and provide insight in movement 

behaviour of persons with haemophilia.
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1THE OUTLINE OF THIS THESIS
Part I: Differentiating between joint bleeds and arthropathy
Differentiating between joint bleeds and flare-ups of HA is not always straightforward, 

but essential to provide optimal care and decrease healthcare costs. The aim of chapter 

2 was to provide an overview of the literature about signs of intra-articular joint bleeding 

and flare-ups of arthropathy in haemophilia. Using focus groups of persons with HA and 

professionals in haemophilia care, chapter 3 provides items currently used to differentiate 

between intra-articular joint bleeds and arthropathy.

Part II: Monitoring joint health, activities and participation
The need to monitor persons with haemophilia on all levels of the ICF model is increasingly 

accepted. Therefore the question arises which measurement tools are most suitable to 

assess joint health, activities and participation in persons with haemophilia and how often 

we need to monitor. As consensus on a preferred set of measurement tools is not yet 

reached, chapter 4 and chapter 5 provide a systematic overview of the measurement 

properties of a selection of measurement tools commonly used to measure joint health, 

activities and participation in persons with haemophilia. The added value of routine 

ultrasound examination in addition to physical examination according to the “Haemophilia 

Joint Health Score” in adults with haemophilia has been examined in chapter 6. Changes 

in joint health and factors associated with deterioration of joint health in persons with 

haemophilia are described in chapter 7.

Part III: Movement behaviour in persons with haemophilia
Adults with haemophilia experience increased limitations in activities due to haemophilic 

arthropathy. It is therefore hypothesized that adults with haemophilia are also less physically 

active and movement behaviour is related to haemophilic arthropathy and perceived 

limitations in activities. In chapter 8 differences in movement behaviour between adults 

with haemophilia and healthy adults are examined. The aim of chapter 9 was to identify 

phenotypes of movement behaviour in adults with haemophilia and relate identified 

phenotypes to patient characteristics.
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ABSTRACT
Introduction
Elderly patients with haemophilia (PWH) suffer from both haemarthrosis and haemophilic 

arthropathy (HA). Diagnosis of haemarthrosis in PWH is currently based on clinical 

presentation. No diagnostic protocols or validated criteria are available to identify 

haemarthrosis or to differentiate haemarthrosis from HA. The aim of this study is to identify 

symptoms and signs that can be used to differentiate haemarthrosis from HA. 

Methods
A narrative literature review was performed on symptoms associated with haemarthrosis 

and symptoms associated with HA. Additionally, literature on the diagnosis of haemarthrosis 

in patients without haemophilia, imaging techniques and biomarkers was searched. 

Results
This review shows that there is no consensus about the symptoms associated with 

haemarthrosis and that there is limited literature about the symptoms associated with 

(flare-ups of) HA. Additionally, symptoms associated with haemarthrosis partly overlap 

with symptoms of HA, particularly those symptoms associated with flare-ups of HA. 

Due to the overlap in symptoms differentiating between these conditions is complex. 

Furthermore, differentiating based on imaging techniques or biomarkers causes practical 

difficulties. 

Conclusion
Despite the overlap in symptoms, differentiating between joint bleeds and flare-ups of 

HA based on clinical presentation still seems the most convenient and practical solution. 

Further research is necessary to identify specific symptoms that can be used to differentiate 

between the two conditions.
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INTRODUCTION
Haemarthrosis is the most characteristic manifestation of haemophilia; almost 85% of 

bleeding episodes in patients with haemophilia (PWH) are located intra-articular, mainly 

in the knees, ankles and elbows[1]. The presence of blood in the joint cavity causes both 

direct cartilage damage and indirect cartilage damage through synovial inflammation. 

Over time, recurrent haemarthrosis leads to progressive joint damage and painful and 

disabling haemophilic arthropathy (HA). To limit progression of HA and regain functional 

ability, timely and specific treatment of bleeding episodes is essential. Treatment of HA is 

symptomatic and includes pain medication and physiotherapy following the osteoarthritis 

protocol. Particularly elderly patients, but also younger patients without benefit of 

replacement therapy, suffer from both haemarthrosis and HA. In order to offer appropriate 

treatment early and accurate diagnosis is crucial. The high costs of clotting factor make 

it even more important to differentiate haemarthroses from non-bleeding complaints. 

Adequate differentiation is therefore not only in the best interest of the patient but can 

also decrease healthcare costs. Yet, this distinction is not easy, and a recent publication 

showed that only 1/3 of the episodes were diagnosed correctly[2]. Currently, no standard 

diagnostic protocols or validated criteria are available to identify haemarthrosis, or to 

differentiate between haemarthrosis and HA. A systematic review to identify the best 

diagnostic procedures for differentiation between haemathrosis and HA is therefore 

not feasible. This paper presents a narrative review of the symptoms associated 

with haemarthrosis and HA and discusses the possibilities to differentiate between  

the two conditions.

METHODS
A narrative review was performed. Three literature searches were conducted in 

PubMed and MEDLINE: (1) A literature search was conducted to identify symptoms of 

haemarthrosis. The search terms used were ‘haemarthrosis’ or ‘joint bleed’, ‘symptoms’ 

and ‘haemophilia’. Studies that did not include acute haemarthrosis or did not describe 

any clinical manifestations were excluded. (2) A second search was conducted to identify 

symptoms associated with HA. The search terms used were ‘haemophilia’, ‘arthropathy’ 

and ‘symptoms’. Studies that did not describe any clinical manifestations of HA were 

excluded. (3) In addition, literature on the diagnosis of haemarthrosis in patients without 

haemophilia, imaging techniques and biomarkers was searched to give a complete overview 

of all possible methods that could be used to differentiate between the two conditions. 

The search terms used were ‘joint bleed’ or ‘haemarthrosis’ and ‘biomarkers’ or ‘MRI’ or 

‘ultrasound’ or ‘diagnosis. Studies that did not include the diagnosis of haemarthrosis in 

any form were excluded. 

Literature searches were performed until June 6 2014. Titles and abstracts of the identified 

studies were reviewed. To find more studies, reference lists of all relevant studies and 
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reviews were scanned for potential articles. For the three literature searches all types of 

articles were included if published in Dutch, German or English and available in full text. 

Review of abstracts and data extraction were performed by MT. All relevant information 

from the selected articles was extracted and used for this review. 

RESULTS
Clinical manifestations of haemarthrosis
In current practice, haemarthrosis in PWH is diagnosed based on clinical presentation. 

No diagnostic protocols or validated criteria are available to identify an intra-articular 

joint bleed. Literature search for symptoms on haemarthrosis resulted in 757 citations. 

Nine studies actually described the symptoms associated with haemarthrosis and were 

included. An overview of symptoms reported as indicating haemarthrosis is shown in Table 

1. The source of the symptoms identified (reported by patients, reported by health-care 

professionals or established with x- ray or ultrasound) is noted in the table as well. 

In a study of Flood et al.[3] patients were asked to describe their most recent bleeding 

experience. Five key symptoms were mentioned indicating a joint bleed: pain, stiffness, 

swelling, tingling and warmth. Pain was described as sharp, continuous, shooting, 

throbbing, dull or aching and impeding the ability to load the joint. Stiffness was associated 

with restricted movement and pain when trying to move the joint. Furthermore a fixed 90 

degree angle of the elbow joint was described. Restriction in movement of the other 

joints was not further specified. The tingling feeling was described as not painful, but 

an important early indication of a joint bleed. In a study of Blankenship et al.[4] 94% of 

the PWH recognized swelling as a symptom for bleeding and also 94% of the PWH used 

warmth/tingling as a symptom for bleeding. Other symptoms mentioned in this study as 

signs of a joint bleed were pain, stiffness, redness, difficulty in moving, or sensation of 

a pulled muscle. 

According to Gilbert[5] the main symptoms of a haemarthrosis are pain, swelling and 

reduced range of motion (ROM). Furthermore, the joint becomes warm and tense, it is 

held in a flexed position and patients might experience muscle spasm. Prior to these 

symptoms patients may experience a prodromal “aura” and possibly a mild stiffness and 

a tingling sensation. According to Roderiguez- Merchan[6] rapid joint swelling, pain and 

reduced ROM are the main symptoms of a haemarthrosis. He also describes an aura or 

tingling sensation in the joint. Patients tend to keep the joint in a flexed position and 

weight bearing is not possible when the lower extremity is affected. In contrast, Britton 

et al.[7] describe moderate or no swelling and warmth and variability in loss of motion in 

an early haemarthrosis. Symptoms they describe in an early haemarthrosis are a feeling 

of fullness in the joint, stiffness, discomfort and pain. They state that “the subjective 

symptoms were those that the patients and their parents considered to indicate bleeding 
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and which, if untreated, would progress”. Ribbans et al.[8] mention difficulties in diagnosing 

a haemarthrosis in less accessible joints such as the hip, where swelling is not easily visible. 

In these joints they indicate increasing pain and reduced ROM with muscle spasm as main 

symptoms. In accordance with Roderiguez- Merchan[6] and Gilbert[5], Ribbans et al.[8] 

note that patients frequently experience an aura or sensation before physical symptoms 

appear. Roosendaal et al.[9] consider pain, swelling, warmth and muscle spasm as direct 

symptoms of haemarthrosis. In a study of Stephensen et al.[10] haemarthrosis is identified 

using pain, swelling and reduced range of motion as main symptoms. Finally, Arnold & 

Hilgartner[11] describe that acute haemarthrosis develops rapidly after prodromal stiffness 

and pain, followed by a swollen and tense joint which is red, hot and tender, and a red 

and shiny skin. The ROM of the joint is restricted and it is held in a flexed position. Pain 

responds rapidly after admission of clotting factor. 

Overall, it can be concluded that there is no consensus on the symptoms indicating 

haemarthrosis. Based on the identified symptoms, a possible distinction can be made 

between symptoms experienced early after the start of the bleed and late symptoms. 

Early symptoms include a feeling of fullness in the joint, a stiff feeling and a tingling 

sensation. These symptoms are experienced prior to the other symptoms, and last about 

an hour. The terms aura and prodromal sensation are also mentioned; they might be 

Table 1a. Overview of symptoms indicating haemarthroses

Author 
(Year) Source Swelling

Reduced 
ROM Pain Warmth Redness Stiffness

Inability to 
load the joint

Flood et al. 
(2014)

Patients x x x x

Blankenship 
et al. (2014)

Patients x x x x x x

Gilbert 
(2000)

Health 
professionals

x x x x x

Roderiguez- 
Merchan 
(1997)

Health 
professionals

x x x x

Britton et 
al. (1974)

Health 
professionals

x x x

Ribbans et 
al. (1997)

Health 
professionals

x x

Roosendaal 
et al. (2006)

Health 
professionals

x x x

Stephensen 
et al. (2009)

Patients x x x

Arnold & 
Hilgartner 
(1977)

Health 
professionals

x x x x x x
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used as umbrella terms, covering early sensations of stiffness, fullness and a tingling 

sensation. Later symptoms including swelling, warmth, reduced ROM, redness, inability to 

load the joint, a tense feeling, tenderness, a shiny skin, muscle spasm and a fixed flexed 

position of the joint. Pain is mentioned both as an early symptom and a late symptom, 

Table 1b. Overview of symptoms indicating haemarthroses

Author 
(Year) Source

Muscle 
spasm

Fixed 
flexed 
position Fullness

Tense 
sensation

Tingling 
sensation

Prodromal 
sensation

Tender 
joint

Flood et al. 
(2014)

Patients x

Blankenship 
et al. (2014)

Patients x x

Gilbert 
(2000)

Health 
professionals

x x x x x

Roderiguez- 
Merchan 
(1997)

Health 
professionals

x x x

Britton et al. 
(1974)

Health 
professionals

x

Ribbans et 
al. (1997)

Health 
professionals

x x

Roosendaal 
et al. (2006)

Health 
professionals

x

Stephensen 
et al. (2009)

Patients

Arnold & 
Hilgartner 
(1977)

Health 
professionals

x x x x

Author 
(Year) 

Source Muscle 
spasm 

Fixed 
flexed 
position 

Fullness Tense 
sensation 

Tingling 
sensation 

Prodromal 
sensation 

Tender 
joint 

Flood et al. 
(2014) 

Patients 
    x   

Blankenship 
et al. (2014) 

Patients 
x    x   

Gilbert (2000) Health 
professionals 

x x  x x x  

Roderiguez- 
Merchan 
(1997) 

Health 
professionals  x   x x  

Britton et al. 
(1974) 

Health 
professionals 

  x     

Ribbans et al. 
(1997) 

Health 
professionals 

x     x  

Roosendaal et 
al. (2006) 

Health 
professionals 

x       

Stephensen et 
al. (2009) 

Patients 
       

Arnold & 
Hilgartner 
(1977) 

Health 
professionals  x  x  x x 

 

 

 

 

 

 

 

Early 
symptoms

•Fullness
•Stiffness
•Tingling sensation
•Pain

Late 
symptoms

•Swelling
•Warmth
•Reduced ROM
•Pain
•Tense feeling
•Tenderness
•Redness
•Shiny skinn
•Inabilibity to load the joint
•Muscle spasm
•Fixed flexed position

Figure 1. Overview of early and late symptoms of haemarthrosis
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however it might be different in manifestation and intensity. Figure 1 shows an overview 

of early and late symptoms. 

Clinical manifestations of haemophilic arthropathy 
The literature search resulted in 1172 citations, of which only one study[12] briefly 

described the clinical manifestations of HA. However, Roosendaal et al.[13] stated that 

the pathogenesis of HA and degenerative joint damage as seen in osteoarthritis (OA) shows 

important similarities. Similarities between HA and OA are found in macroscopic aspects, 

proteoglycan content and proteoglycan synthesis[13]. Cartilage of joints, obtained after 

joint replacement, in both OA and HA joints is mostly affected in central weight-bearing 

parts, peripheral areas are usually unaffected. Secondly, a similar decrease of proteoglycan 

content is found in both conditions. A similar increase in proteoglycan synthesis in both 

conditions indicates impairments in the ability to synthesize proteoglycans in cartilage in 

HA and OA. A difference is found in histochemical analysis, which shows a higher degree of 

synovial inflammation in HA than in OA and is more comparable to rheumatoid arthritis[13]. 

Given the important similarities in pathogenesis of HA and osteoarthritis (OA), it can be 

expected that patients with HA will have similar signs and symptoms to patients with 

degenerative joint damage due to OA. For this reason we used the signs and symptoms 

of OA, as reported in the American College of Rheumatology (ACR) classification of 

osteoarthritis, in addition to the literature on symptoms of HA.

An overview of symptoms related to HA and flare-ups of HA, including symptoms derived 

from the ACR classification of OA[14], is presented in table 2. The source of the identified 

symptoms (reported by patients, reported by health-care professionals or established with 

x- ray or ultrasound) is included in this table as well. Symptoms assumed to be associated 

with HA are flexion contractures (possibly combined with deformities in a different plane), 

limited ROM, muscle wasting, bony enlargement and pain[12]. Symptoms associated 

with OA include joint pain, stiffness after a period of inactivity , reduced ROM, bony 

enlargement, locking, crepitus and impairments in gait[14]. Overuse of a joint with OA 

might cause inflammation of the joint capsule, which is called a flare-up of the disease. 

Symptoms of a flare-up of an arthropathic joint are swelling and warmth with a sudden 

aggravation of pain and reduced ROM[15,16]. Recurrent synovial inflammation causes 

fibrosis of the capsule, which in turn causes flexion contractures[11]. Additionally, the items 

of the Hemophilia Joint Health Score (HJHS), which aims to measure degree of HA in 

children, include swelling, limitation in ROM, crepitus, strength, muscle atrophy, joint 

pain and impairments in gait[17]. Figure 2 shows the great overlap in symptoms between 

haemarthrosis and HA. A distinction is made between chronic symptoms of HA and 

symptoms associated with a flare-up of HA. The figure shows that the symptoms associated 

with flare-ups of HA are also those that overlap with the symptoms of haemarthrosis. This 

illustrates the difficulties in differentiating between these two conditions based on clinical 

presentation. Several of these symptoms are highlighted and discussed. 
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Differentiating between haemarthrosis and flare-up of HA based on clinical 
symptoms
Pain
Joint bleeds cause severe pain in the affected joint, however PWH might also experience 

joint pain as a result of HA. Acute pain might be associated with both a flare-up of HA and 

Table 2a. Overview of symptoms indicating HA and flare-up of HA

Author (Year) Source Swelling
Reduced 
ROM Pain Warmth Stiffness

Fixed flexed 
position

HA
Altman et al, 
1986

Health 
professionals, 
x-ray

x x x

Heijnen, 1986 Health 
professionals

x x x

Feldman et al. 
2011

Health 
professionals

x x x

Flare-up of HA
D’Agostino et, 
2005

Health 
professionals, 
ultrasound

x x x x

Kornaat et al. 
2006

Health 
professionals, 
ultrasound

x x

Table 2b. Overview of symptoms indicating HA and flare-up of HA

Author (Year) Source
Impairments 
in gait Crepitus Locking

Bony 
enlargement Muscle atrophy

HA
Altman et al, 
1986

Health 
professionals, 
x-ray

x x x x

Heijnen, 1986 Health 
professionals

x x

Feldman et al. 
2011

Health 
professionals

x x x

Flare-up of HA
D’Agostino et, 
2005

Health 
professionals, 
ultrasound

Kornaat et al. 
2006

Health 
professionals, 
ultrasound
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haemarthrosis. Persistent pain is assumed to be pain associated with HA. In a study by Van 

Genderen et al.[18] PWH described pain as “nagging”, “stiff”, “annoying”, “moderate” 

or “irritating”. No differentiation was made between acute and chronic pain. In a study by 

Witkop et al.[19] PWH described their acute and their persistent pain. They concluded that 

PWH used mainly the same description for acute and persistent pain, using the adjectives 

“aching”, “throbbing”, “tender”, “sharp” and “miserable”, with a daily average pain 

intensity of 5 out of 10 on a visual analog pain scale. In accordance with Witkop et al.[19], 

Choinière & Melzack[20] described that PWH use the same terms to describe chronic and 

acute pain, only describing acute pain as more intense compared to chronic pain. Previous 

studies reveal that patients use a broad range of adjectives to describe pain, with no clear 

differentiation between chronic and acute pain. This could imply that patients find it hard 

to distinguish between haemarthrosis (associated with acute pain) and HA (associated with 

chronic pain) based on pain perception.

Witkop et al.[19] describe that 38% of the patients used factor replacement for persistent 

pain and 21% did not use clotting factor replacement during episodes of acute pain. In 

a study by Wallny et al.[21] 43% of the respondents states that chronic pain was relieved by 

using clotting factor replacement treatment, whereas in 26% pain was sufficiently relieved 

with analgesic drugs combined with clotting factor replacement treatment. In 31% no 

sufficient pain relief could be achieved. In this study several patients mention an analgesic 

effect of clotting factor replacement. Pain caused by the presence of a joint bleed might 

be reduced after administering clotting factor if it stops the bleeding. However, there is no 

Figure 2. Overlap in symptoms between haemarthrosis and haemophilic arthropathy (HA)
*Including symptoms derived from literature on symptoms of osteoarthritis 
1 Symptoms associated with chronic complains of HA
2 Symptoms associated with flare-ups of HA

Pain1,2

Swelling2

Fixed flexed position1,2

Reduced ROM1,2

Stiffness1,2

Warmth2

Redness
Muscle spasm

Tingling sensation
Inability to load the joint

Prodromal sensation
Tense sensation

Fullness

Haemarthrosis Haemophilia 
arthropathy*

Locking1

Bony enlargement1

Impairments in gait1

Muscle atrophy1

Crepitus1
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evidence of any analgesic effect of clotting factor replacement. The pain reducing effect 

of clotting factor in chronic pain might therefore be due to a placebo effect. This might 

contribute to the finding that some patients use clotting factor to alleviate chronic pain, 

whereas analgesic drugs and physiotherapy treatment seem to be more appropriate[22,23].

Hilberg et al.[24] found a reduced mechanical pain threshold of the knee and elbow in PWH 

compared to controls, indicating increased pain sensitivity in PWH. In this study sensitivity 

was higher in clinically more affected joints, suggesting that pain perception in joints with 

HA differs from joints without HA. This might alter pain perception in haemarthrosis in 

joints with HA, and might contribute to difficulties in differentiating between haemarthrosis 

or arthropatic pain. 

Swelling
Swelling is an important symptom, often used to indicate a bleed[11,4,3,5,8,6,9,10]. 

However swelling can also be present in flare-ups of HA[15,17]. As recurrent synovial 

inflammation causes fibrosis of the joint capsule[11], a joint with advanced HA allows only 

minor swelling during haemarthrosis. Therefore, the presence or absence of swelling is an 

unreliable criterion to diagnose haemarthrosis. Furthermore, if the swelling is spongy and 

it persists for more than 3 months it is defined as chronic synovitis. The feeling of fullness 

is probably caused by swelling and is mentioned only as a symptom for haemarthrosis. 

The combination of acute swelling and a feeling of fullness may be used to differentiate 

between a joint bleed and a flare-up of HA. 

Reduced ROM
Reduced ROM is also mentioned several times as a symptom of both haemarthrosis 

[11,4,7,3,5,8,6,10] and flare-ups of HA[14,15,17,12,16]. However, the presence of flexion  

contractures[11] make it necessary to be aware of the pre-existing ROM to be able to  

identify loss of ROM in an acute situation. It is impossible to compare ROM with 

the contralateral side of the body, because that may be affected by HA as well. More 

specific information about the extent and direction of the loss of ROM in haemarthrosis 

and flare-ups of HA might be helpful for differentiation.

A fixed flexed position of the joint can develop as a result of a joint contracture [11] and 

has to be differentiated from a Bonnets’ position[25] or loose packed position. This is 

the position of the joint with the greatest joint space, allowing maximum space for swelling 

and therefore minimizing pain. The loose packed position of the knee joint is 20-30 

degrees flexion[26], whereas the loose packed position of the tarsocrural joint of the ankle 

is 10 degrees plantar flexion[26]. A loose packed position is found in haemarthrosis as 

well as in flare-ups of HA and seems therefore not helpful in differentiating between  

the two conditions. 
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Prior sensation
Several studies describe a prior sensation or prodromal aura during the onset of a bleeding 

episode[11,4,7,3,5,8,6]. This prior sensation is often described as a non-painful but distinct 

feeling and is sometimes described as a tingling sensation. It starts prior to the other 

symptoms and lasts up to an hour. This sensation is very specific for haemarthrosis and not 

mentioned in HA, but it seems patient specific. It is usually followed by a mild stiffness, 

presenting itself before swelling is even present. Therefore, stiffness could also be seen as 

prior sensation. In HA stiffness is specified as stiffness which is present after inactivity and 

improves after movement. Although the experience of a prior sensation and the feeling of 

stiffness are specific for haemarthrosis, they are also subjective and patient specific which 

implies that they are less usable to differentiate. 

Differentiation using joint aspiration
In an acute trauma of the knee joint the main symptoms are pain, swelling, inability to load 

the joint and flexed position of the joint[25]. Especially rapid swelling of the joint is indicative 

of haemarthrosis[25]. In patients without a bleeding disorder aspiration of the joint can be 

used to establish the diagnosis or relieve discomfort when effusion is present. Indications 

for joint aspiration include haemarthrosis and unexplained joint swelling[27]. Only limited 

literature about the use of joint aspiration in patients with a clotting disorder does exist. 

Courtney et al.[28] state that joints of patients who are anticoagulated may be aspirated 

but the procedure should be as atraumatic as possible and the level of anticoagulation 

should be within therapeutic range[29]. In two studies the use of joint aspiration was used 

to confirm haemarthrosis[2,30]; no adverse events were described with regard to joint 

aspiration. However, the use of aspiration as a diagnostic tool is questionable because 

PWH need clotting factor replacement to reduce the risk of provoking a bleed. Additionally, 

narrowing of the joint space and fibrosis of the joint capsule in patients with HA will make 

it even more difficult to aspirate an arthropathic joint. 

Differentiation with imaging techniques
In a study by Melchiorre et al.[30] Power Doppler Ultrasonography (PDUS) was studied as 

a tool to identify joint bleeds and differentiate between inflammatory episodes in patients 

with HA. They found that PDUS adequately identified joint bleeds and non-bleeding 

episodes, also in asymptomatic joints. Findings were confirmed by analyses of the fluid 

obtained by aspiration. These findings are in accordance with Ceponis et al.[2] who 

found that only 1/3 of the episodes were diagnosed correctly by the physician or patient, 

as confirmed by PDUS and aspiration. PDUS seems a promising tool for the diagnosis 

of haemarthrosis and the differentiation between haemarthrosis and flare-ups of HA, 

but it is very difficult to interpret and requires extensive training and knowledge of 

the musculoskeletal system. Additionally, more studies need to be performed on validity 

and reliability of the use of PDUS for this purpose. 
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MRI is considered the most accurate to assess soft tissue changes associated with HA[31]. It 

enables visualization of early and more advanced arthropathic changes including effusion, 

synovial hypertrophy, cartilage defects, erosions, subchondral cysts and joint space 

narrowing. Blood degradation products (hemosiderin) can be seen using the magnetic 

susceptibility artefact from gradient-echo imaging[32]. MRI enables evaluation of 

the impact of haemarthrosis on the joint and can confirm haemarthrosis has occurred by 

the presence of hemosiderin. However, little literature is present about the use of MRI to 

identify haemarthrosis in an acute situation and differentiate haemarthrosis from flare-up 

of HA. In a study of Sierra Aisa et al.[33] patients underwent MRI within 24h after reporting 

a bleed. MRI scans were scored for hemosiderin deposits, synovial fibrosis, inflammation, 

cartilage erosion and hemorrhagic or fibrous cysts. Presence or absence of these criteria 

can confirm if a haemarthrosis has occurred in the past but does not differentiate between 

the presence of haemarthrosis or flare-up of HA at present. No literature is found regarding 

the possibility to differentiate between blood and other protein rich fluid in the joint. 

Additionally, patients with recurrent bleeding episodes usually self-administer clotting-

factor and hospital transfer to make a diagnosis is therefore not preferable.

Differentiation using biomarkers
In recent studies a start is made exploring the possibilities for the use of biomarkers as 

indication of tissue damage after haemarthrosis[22]. Increases of the urinary C-terminal 

telopeptide of type II collagen (CTX-II), serum cartilage oligomeric matrix protein (COMP), 

serum cartilage cleavage product C1,2C, and serum chondroitin sulfate 846 (CS846) 

biomarkers were detected 3-5 days after a joint bleed. COMP is a biomarker for cartilage 

degradation, whereas CTX-II is a biomarker for cartilage damage as well as a potential 

biomarker for bone degradation. C1,2C is a cleavage product of collagen type I and II 

and therefore reflects cartilage and bone degradation. CS846 is a marker of proteoglycan 

degradation and thus of cartilage degradation[22]. 

Increased levels of these biomarkers after a joint bleed reflect joint damage due to a single 

joint bleed. To improve diagnostic value, scores of the biomarkers were combined. Since 

these biomarker levels are related to the general degree of joint damage, scores must 

be interpreted in comparison to a baseline level. However, it seems possible to use 

these biomarkers even in patients with severe joint damage. These findings suggest that 

biomarkers might be used to quantify the amount of joint damage after a single joint 

bleed. Possibly, these biomarkers can also be used to identify a joint bleed. Limitations for 

the use of biomarkers to identify a joint bleed are that results are only visible after 3-5 days, 

whereas diagnosis has to be made immediately. More research, in a larger population, 

is necessary to further explore the possibilities for the use of biomarkers to identify  

joint bleeds. 
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DISCUSSION 
Diagnosis of haemarthrosis in PWH is currently based on clinical presentation. However, 

no diagnostic protocol is available to identify haemarthrosis or to differentiate between 

haemarthrosis and flare-ups of HA. This review reveals that there is no consensus about 

the symptoms associated with haemarthrosis and that limited literature about the symptoms 

associated with (flare-ups of) HA exists. In addition, there is a large overlap between 

symptoms of haemarthrosis and symptoms associated with flare-ups of HA. Loss of ROM, 

swelling and pain are generally mentioned as the main symptoms of haemarthrosis, but 

are also mentioned as symptoms of flare-ups of HA. Pre-existing joint contractures hamper 

the identification of loss of ROM. Therefore it is important to be aware of the existence and 

extent of contractures. Swelling and pain perception have limited use in differentiation 

between haemarthrosis and flare-up of HA. Despite these difficulties, differentiating based 

on clinical presentation still seems the most convenient and practical solution.

A possible distinction can be made between early and late symptoms. Late symptoms 

include swelling, reduced ROM, pain, warmth, redness, muscle spasm, a shiny skin, 

tenderness of the joint, a fixed flexed position and the inability to load the joint. These 

symptoms largely overlap with the symptoms of flare-ups of HA. Early symptoms include 

a feeling of stiffness, a feeling of fullness in the joint, a tense feeling in the joint, a tingling 

sensation in the joint and a prodromal sensation. These symptoms are very specific for 

haemarthrosis and the early onset enables patients to respond quickly. Unfortunately, 

these symptoms are very subjective and seem to be patient specific as well. Therefore, 

more research is necessary to determine the exact value of these early symptoms.

A total of 9 articles describing symptoms of haemarthrosis were identified. However, only 

one study was identified describing symptoms of HA. Although it might be assumed 

that symptoms are to a great extent comparable with the symptoms of OA, more 

understanding of the clinical manifestations of HA and flare-ups of HA will contribute to 

the ability to differentiate HA complaints from haemarthrosis. Additionally, in included 

studies describing symptoms of haemarthrosis, symptoms are self-reported by patients 

or reported by physicians. In none of the studies is an intra-articular bleed objectively 

demonstrated by a gold standard. Although the occurrence of haemarthrosis is regularly 

used as an important outcome measure in haemophilia research, most studies do not 

describe the diagnostic procedure to detect haemarthrosis. In studies where it is 

described, haemarthrosis is usually defined as any complaint located in a joint requiring 

treatment with clotting factor concentrate, i.e. it is diagnosed by a physician based on 

clinical manifestations or self-reported by patients[34]. 

In patients who have not experienced many joint bleeds and therefore have no complaints 

of HA, like children or patients with mild haemophilia, diagnosis of haemarthrosis is 



JOINT BLEEDING OR HAEMOPHILIC ARTHROPATHY

32

2

assumed to be less complicated. The main symptoms mentioned (loss of ROM, swelling 

and pain) are in these patients probably sufficient to indicate a joint bleed. In older patients 

who experienced recurrent joint bleeds, and therefore have more complaints of HA, these 

symptoms are not specific enough to identify a joint bleed. Thus, there is a transition from 

the assumption that the combination of loss of ROM, pain and swelling indicate a joint 

bleed in childhood to the possibility that these symptoms can also be due to a flare-up 

of HA in adulthood. This might lead to patients treating these symptoms as bleeds, like 

they learned in their childhood, when this is not always the right treatment. At this point 

there are no tools to educate patients to make more adequate decisions about diagnosis  

and treatment. 

CONCLUSION
Overlap of symptoms associated with haemarthrosis and flare-ups of HA makes 

differentiating between the two conditions complex. Despite these difficulties diagnosis 

based on clinical presentation still seems most convenient to diagnose haemarthrosis in 

PWH. Further research is necessary to develop a valid and standardized clinical diagnostic 

test, which would be of great value in clinical practice. Preferably, this clinical diagnostic 

test can be used by patients themselves and enables patients to react more adequately in 

case of acute joint complaints. 
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ABSTRACT
Introduction
The overlap in symptoms between joint bleeds and flare-ups of haemophilia arthropathy 

(HA) creates difficulties in differentiating between the two conditions. Diagnosis of 

haemarthrosis is currently empirically made based upon clinical presentations. However, 

no standard diagnostic criteria are available. To offer appropriate treatment rapid and 

accurate diagnosis is essential. Additionally, adequate differentiation can decrease health 

costs significantly. 

Aim
The aim of this study was to identify signs and symptoms to differentiate between an intra-

articular joint bleed and an acute flare-up of HA in patiens with haemophilia and make an 

initial proposal of items to include in a diagnostic criteria set. 

Methods
Six focus group interviews with in total 13 patients and 15 professionals were carried out. 

The focus groups were structured following the Nominal Group Technique (NGT). 

Results
The most important signs and symptoms used to differentiate between joint bleeds and 

HA were 1) course of the symptoms, 2) cause of the complaints, 3) joint history, 4) type of 

pain and 5) degree of impairments in range of motion. 

Conclusion
This qualitative study provides insight into signs and symptoms that are currently used to 

differentiate between joint bleeds and flare-ups of HA. Results of this study can be used 

to develop a valid and standardized clinical diagnostic criteria set to differentiate between 

these two conditions. Further research is necessary to validate the signs and symptoms 

found in the current study. 
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INTRODUCTION
Haemarthrosis is a typical manifestation of haemophilia. In time, repeated haemarthroses 

lead to progressive joint damage known as haemophilia arthropathy (HA)[1]. Most affected 

joints are the ankle, elbow and knee[2]. Overuse of an arthropathic joint may cause 

inflammation of the joint capsule, a flare-up of the disease[3]. Many elderly patients, but 

also younger patients without benefit of clotting factor replacement therapy, suffer from 

both haemarthroses and (flare-ups of) HA. 

Comprehensive treatment of acute haemarthrosis starts with clotting factor replacement 

followed by functional rehabilitation when the bleeding has stopped[4]. In contrast, 

flare-ups of HA are treated with pain medication and physiotherapy treatment according 

to the osteoarthritis guidelines[5]. To offer appropriate treatment and in turn regain 

optimal functional ability, accurate diagnosis is essential. Additionally, cost of clotting 

factor replacement therapy are very high. Adequate differentiation is therefore not only in 

the best interest of the patient, but can also decrease health care costs significantly. 

Currently, diagnosis of haemarthroses is made empirically; either by patients themselves 

in order to self-administer clotting factor or by specialized physicians, nurses and 

physiotherapists based on clinical presentations. Unfortunately, no standard diagnostic 

criteria are available. We recently described the overlap in symptoms between flare-ups of 

HA and haemarthroses and the difficulties in differentiating between the two conditions[6]. 

Additionally, Ceponis et al.[7] and Manners et al.[8] demonstrated that only between 

one third and two thirds of acute joint episodes were diagnosed correctly by patients or 

physicians when controlled by joint aspiration.

Another possibility to differentiate between acute haemarthroses and flare-ups of HA is 

the use of imaging techniques. In a study by Melchiorre et al.[9] the use of Power Doppler 

ultrasonography (PDUS) is proposed as a differentiating tool. However, interpretation of 

PDUS requires extensive training and knowledge of the muskuloskeletal system and more 

studies need to be performed on validity and reliability. The use of MRI causes practical 

difficulties in acute situations, where swift diagnosis is essential. Furthermore, there 

are no standard MRI protocols for differentiating between intra-articular blood or fluid. 

A rapid and easy diagnosis based on clinical presentation therefore still seems the most 

convenient and practical solution. The use of such a diagnostic criteria set enables a rapid 

diagnosis in the acute situation, which preferably can be performed by patients themselves. 

Additionally, such a tool would also be applicable in areas with limitied resources, where 

clotting factor must be used even more wisely.

The aim of this study is to identify signs and symptoms to enable differentiation between 

an intra- articular joint bleed and an acute flare-up of HA in patients with haemophilia 

(PWH) and to make an initial proposal of items to include in a diagnostic criteria set. 
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METHODS
Focus groups with patients and professionals were conducted to identify items that can 

be used to differentiate between intra-articular joint bleeds and flare-ups of HA. All focus 

groups were structured using the Nominal Group Technique (NGT)[10] [11]. This technique 

enables a structured discussion using 5 stages, as shown in table 1. Nominal questions 

used in the current study were: “How do you recognize a joint bleed?”, “How do you 

recognize a flare-up of arthropathic joint pain?” and “How do you differentiate between 

a joint bleed and an acute flare-up of arthropathic joint pain?”. All 5 stages were used 

separately for the 3 questions and participants were asked to additionally note differences 

between joints (knee, ankle, elbow). 

The study was approved by the Medical Ethics Committee of the University Medical Center 

Utrecht. Informed consent was obtained from all participants.

Participants
Patients with moderate or severe haemophilia A or B aged 18 years or older and had at 

least one joint with HA (Pettersson score >3[12]) were eligible to participate in the patient 

based focus groups. Patients who could not recall the presence of a joint bleed, those 

with inadequate understanding of the Dutch language and those with a severe mental 

handicap were excluded. Patients consulting the Van Creveldkliniek (University Medical 

Center Utrecht) on a regular basis who met the inclusion criteria received an information 

letter by mail. After one week these patients were approached by telephone to participate 

in the study. The focus groups with professionals included physicians, physiotherapists 

and nurses working in three different Dutch haemophilia treatment centers (HTC’s): 

the Radboud university medical center Nijmegen, the Erasmus Medical Center Rotterdam 

and the University Medical Center Utrecht (van Creveldkliniek). Focus groups were formed 

until data saturation was achieved. 

Table 1. The Nominal Group Technique protocol [10,11]

1. Introduction of the nominal question(s): Welcome and introduction of the NGT and  
the nominal question(s)

2. Silent generation of ideas: Participants are asked to write down a list of all ideas that come to 
mind regarding this question, without discussing with or consulting others.

3. Presentation of ideas: Sheets with ideas are gathered and all ideas will be presented
4. Group discussion: All ideas will be evaluated one by one. Ideas can be specified when 

necessary and new items may be added. Similar items can be merged, but only after full 
agreement of all participants

5. Voting and ranking of ideas: Participants are asked to individually rank the 5 most important 
items, without discussing this with other group members. Scores will be summed (an item 
receives 5 points for a number 1 position, 4 points for a number 2 position etc. ) and a final 
rank-order will be presented.
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Procedure 
Separate focus groups were formed with patients and professionals. Focus group 

interviews with patients were conducted at the UMC Utrecht, whereas focus groups with 

professionals were held at the various HTC’s. The researcher (M.T.) acted as moderator of 

the discussion, assisted by a colleague to present items and rankings in PowerPoint. Each 

focus group lasted between 2 and 3 hours; discussion ended when no new items were 

generated and data saturation was thus achieved. An audio recording device was used to 

record all discussions.

To obtain insight into the clinical and demographic characteristics of the participant, 

patients were asked to complete the Haemophilia Activity List (HAL). The HAL is 

a haemophilia specific questionnaire measuring self-perceived impairments in activities 

on a scale of 0-100 points, with lower scores indicating more impairments in activities. 

Internal consistency and validity of the HAL are considered good[13]. Furthermore, general 

information was collected regarding type and severity of haemophilia, treatment plan, 

number of perceived joint bleeds in the past year, joints in which bleeds have occurred, 

joints with HA and comorbidities. Of professionals general information was collected 

regarding profession (physician, physiotherapist or nurse and possible specialization) and 

experience with haemophilia treatment. 

Data analysis
The Nominal Group Technique enables participants to be involved in data-analysis 

by composing a rank-order. Rank-orders of the different groups of both patients and 

professionals were merged into one final rank-order using a structured method to analyze 

multiple group data[14]. According to this method items were merged into themes. 

Subsequently, the themes were ranked based upon the number of items that form 

the theme, the number of times the items in the theme were placed in the top 5 and 

the relative score of the items within the group rankings. Items not voted for were not 

included in the final rank-order.

RESULTS
Six focus groups were formed including 3 groups of PWH and 3 groups of professionals 

specialized in the treatment of haemophilia. In total 13 PWH and 15 professionals 

participated. Since the third group of both the patients and the professionals did not add 

major new items compared to the items identified in the first 2 groups, data saturation was 

assumed and no new groups were added. 

Demographics
Patients had a median age of 55 years (IQR 32,3) and all suffered from severe haemophilia. 

The majority of the patients had haemophilia type A and were treated with prophylaxis. 
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The patients experienced a median number of 4,8 (IQR 3,6) joint bleeds per year. 

The majority of the patients indicated complaints of HA in the knee (11/13), in the ankle 

(9/13) and in the elbow (7/13). Professionals had a median experience with haemophilia 

care of 14 years (IQR 12) and assessed a median number of 2 (IQR 3,5) acute joint 

complaints per week. Demographic characteristics of the participants are shown in table 2.

Nominal questions
“How do you recognize a joint bleed?”
The top 5 highest ranked items indicated to recognize a joint bleed were: 1) swelling with 

a quick onset and a duration of more than 1-2 hours, 2) an increasing limitation in range 

of motion (ROM) 3) pain, which begins locally as a prodromal sensation (a vague pain or 

tingling sensation) and then spreads as a pressing pain over the entire joint, 4) the inability 

to load the joint 5) a preferred position of the joint (equinus position of the ankle, a 30-40 

degree flexion of the knee and 60 degree flexion of the elbow). 

“How do you recognize a flare-up of haemophilia arthropathy?”
The top 5 highest ranked items indicated to recognize a flare-up of HA were 1) local 

stabbing pain, 2) pain after inactivity which decreases after movement, but increases after 

prolonged activity, 3) increased limitation in ROM 4) swelling, which is not painful during 

palpation, 5) the joint is a known target joint. 

“How do you differentiate between a joint bleed and an acute flare-up of HA?” 
The top 5 highest ranked items indicated to differentiate between a joint bleed and 

a flare-up of HA were 1) the course of the complaints; the presence of a prodromal 

sensation or aura followed by gradually increasing complaints indicates a joint bleed 

and an alternating course of complaints, including pain after inactivity which decreases 

after movement and increases after prolonged activity, indicates a flare-up of HA, 2) 

the cause of the complaints; if the complaints are preceded by a trauma or the complaints 

have a sudden onset a joint bleed is more likely, if the complaints start after overuse of 

the joint a flare-up of HA is more likely, 3) joint history; if the patient is young, has a known 

unaffected joint (X-ray) or no bleeding history of the joint, a flare-up of HA is unlikely, 4) 

the type of pain; a diffuse and pressing pain in the entire joint indicates a joint bleed and 

a local stabbing pain indicates a flare-up of HA, 5) a more pronounced limitation in ROM 

indicates a joint bleed. The total rank-order of items used to differentiate between a joint 

bleed and a flare-up of HA is shown in table 3. 

DISCUSSION
The aim of this study was to make an initial proposal of items to include in a diagnostic 

criteria set to differentiate between an intra- articular joint bleed and an acute flare-up of 
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haemophilia arthropathy (HA) in patients with haemophilia (PWH). We identified 5 items as 

most important for patients and professionals to differentiate between the two conditions: 

the course of the complaints, the cause of the complaints, the joint history, type of pain 

and limitation in ROM. 

To be able to differentiate between signs and symptoms of joint bleeds and flare-ups of 

HA it is of great importance to have sufficient information on signs and symptoms of both 

conditions. Previous studies provide information regarding symptoms associated with 

joint bleeds. Symptoms associated with joint bleeds that are mentioned most often are 

swelling[2,15-21], limitation in ROM[2,15-20,22] and pain[2,15-18,20-22]. These findings 

are in accordance with the 3 most important items in the current study. However, this 

is the first study exploring symptoms associated with flare-ups of HA. Additionally, in 

Table 2. Demographic characteristics of the participants

Patients (n=13)

Median age (IQR)

Haemophilia type

 A

 B

55 (32,3)

12

1

Treatment

 Prophylactic

 On demand

12

1
Median number of joint bleeds per year (IQR) 4,8 (3,6)
Joints with HA

 Knee

 Ankle

 Elbow

11

9

7
Median HAL score (IQR) 62 (43,2)
Median Pettersson score (IQR) 38 (43)

Professionals (n=15)

Profession

 Haematologist

 Haemophilia physician

 Physiatrist

 Pediatrician

 Physiotherapist

 Nurse

 Nurse practitioner

2

2

1

2

4

3

1
Median years of experience with haemophilia care (IQR) 14 (12)
Median assessed acute joint episodes per week (IQR) 2 (3,5)

* HA = haemophilia arthropathy, IQR = Interquartile range 
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the current study, signs and symptoms are specified in more detail and participants are 

specifically asked about signs and symptoms that can be used to differentiate. This reveals 

small but crucial differences to differentiate between joint bleeds and flare-ups of HA. 

Although items identified by patients and by professionals are similar to a great extent, 

patients tend to assign higher priority to subjective items (e.g. pain) whilst professionals 

tend to assign higher priority to more objective items (e.g. ROM). Both patients and 

professionals indicate only minor differences in symptoms between the knee, the ankle 

and the elbow. For instance, swelling is more visible in the knee than in the elbow and 

is therefore a more important symptom in knee complaints than in ankle complaints. 

Furthermore, items related to joint loading are mainly important in lower extremity 

complaints and less so in upper extremity complaints. Overall, the results suggest that 

Table 3. Items patients and professionals use to differentiate between a joint bleed and a flare-up of HA

Item Joint bleed Flare-up HA

1. Course Prodromal sensation/”aura” 
and gradually increasing 
complaints

Alternating course: stiffness 
after a period of inactivity, which 
decreases with movement, but 
increases after prolonged activity 

2. Cause Trauma or sudden onset Overuse of the joint
3. Joint history Young age, known unaffected 

joint (x-ray), no bleeding 
history of the joint

Known arthropathy of the joint 
(x-ray) or history of recurrent 
bleeding in the joint

4. Type of pain Diffuse (entire joint)  
and pressing

Local and stabbing

5. Limitation in ROM More pronounced Less pronounced
6. Swelling Increases quickly No swelling
7. Loading the joint Inability to load the joint Loading the joint possible, but 

painful
8. Effect clotting factor Complaints decrease after 

clotting factor
No effect

9. Duration (pain, swelling, 
limitations ROM)

Persisting Decreasing after 1-1,5 hours

10. Rotation of the joint Rotation limited Rotation not limited
11. Traction Painful Pain relieving
12. Absolute rest No influence on complaints Alleviates pain
13. Locking No locking Possibly
14. Warmth Possibly No warmth
15. Judgement patient Patient indicates joint bleed Patient indicates no joint bleed
16. Haematoma/ redness possibly No redness or haematoma
17. Palpation of swelling Painful Not painful

* Item 1 is considered the most important item, higher numbers indicate less important items 
* *HA = haemophilia arthropathy, IQR = Interquartile range 
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the items identified are similar for patients and professionals and the differences that exist 

between patients and professionals are mainly differences in priority. 

This study has a few limitations. Firstly, some patients seemed to have difficulties with 

the term flare-up of HA and therefore mentioned terms that were probably more associated 

with general complaints of arthropathy. During the discussion the moderator pointed out 

to mention only items that indicate flare-ups of HA and emphasized the difference between 

general complaints of arthropathy and flare-ups of HA. This led to the groups deciding 

to remove items associated with general complaints of arthropathy during the discussion 

phase. Some items might still be more associated with general complaints of arthropathy 

than with an actual flare-up of HA, for example the item “locking of the joint”[23]. Secondly, 

a qualitative research approach was used in order to explore signs and symptoms. By 

definition this implies a subjective impression of items. However, a qualitative research 

method is a valuable method in areas in which little prior research is present. It gives 

researchers an opportunity to systematically use patients’ individual experiences and 

the clinical experience of professionals [24]. At last, it must be noted that in addition to 

a joint bleed and a flare-up of HA other differential diagnosis must be kept in mind as well. 

Despite these limitations, the study also has several strengths. The structure of 

the NGT enables debate between the participants and also assures individual input of 

all participants. Conventional focus groups do not have an individual aspect, thereby 

running the risk of not including sufficient input of all participants[25]. In contrast, in-depth 

interviews are suitable to assure individual input but do not enable discussion between 

participants. The possibility to comment on the input of other participants, ask questions 

and exchange experiences can result in alternative and unexpected perspectives [26]. 

A further advantage of the NGT is that it involves participants in the data-analysis by 

asking them to rank the generated items. This increases the accuracy of the interpretation 

of the findings and quantifies data that are gathered with a qualitative approach[11]. 

Validity of the results of focus groups depends upon the knowledge of the participants[27]. 

Both patients and professionals of different medical disciplines were included in the study 

to utilize their specific knowledge. Patient and profession sessions were performed 

separately to ensure patients did not feel intimidated by the professionals and could 

speak freely. It also enabled professionals to communicate using medical terminology. 

Professionals had a median of 14 years of experience with haemophilia care, which we 

consider sufficient to ensure expertise. All patients experienced >1 joint bleed per year 

and experienced complaints of HA (Pettersson score >3 and self-perceived complaints of 

HA) in more than 1 joint. Therefore, it is very likely that they were familiar with complaints 

of both joint bleeds and flare-ups of HA. 
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Results of this study form an important first step towards the intended development of 

a valid and standardized clinical diagnostic criteria set to differentiate between joint bleeds 

and flare ups of HA. This would be of great value in clinical practice, particularly in areas 

with limited clotting factor. Preferably, this clinical diagnostic criterion set can be used 

by patients themselves. Given most patients self-administer clotting factor, it will enable 

patients to react more adequately in cases of acute joint complaints. Although the use of 

focus groups is a suitable method to obtain a first impression of signs and symptoms that 

can be used, a quantitative diagnostic study is necessary to validate the generated items.

CONCLUSION
Our initial proposal of items that need to be included in a diagnostic criteria set to 

differentiate between joint bleeds and flare-ups of HA are: the course of the complaints, 

the cause of the complaints, the joint history, type of pain and limitation in ROM. These 

results provide an important first step in developing a diagnostic criteria set to differentiate 

between joint bleeds and flare-ups of HA. However, further research is necessary to 

validate the use of these signs and symptoms with a reference standard.
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ABSTRACT
Introduction
Accurate assessment of joint health in persons with haemophilia is crucial. Several 

haemophilia-specific measurement tools are available, but an overview of the measurement 

properties is lacking. 

Aim
To provide an overview of the measurement properties of haemophilia-specific 

measurement tools to assess joint health. 

Methods
Medline and Embase were searched for reports on reliability, validity or responsiveness of 

the World Federation of Haemophilia (WFH) orthopedic joint score, the Colorado Physical 

Examination score (CPE), the joint examination score by Petrini (PJS) and the Haemophilia 

Joint Health Score (HJHS). Methodological quality of the studies, assessed using an 

adapted COSMIN checklist, was included in the summary of evidence. 

Results
The search yielded 2905 unique hits, 98 papers were included. The methodological quality 

of the studies was limited. The HJHS was studied most extensively, which yielded limited 

evidence for good internal consistency and structural validity, moderate evidence for 

hypothesis testing in adults and conflicting evidence for hypothesis testing in children. 

For the CPE and PJS we found limited to moderate evidence for good responsiveness and 

conflicting evidence for hypothesis testing. 

Conclusion
Only patchy evidence is available on the quality of measurement properties of all 

haemophilia-specific joint health scores. Although significant gaps in the evidence for all 

instruments remain, measurement properties of the HJHS were most extensively studied 

and show no drawbacks for the use in clinical practice. This review forms the basis for 

further research aimed at the assessment of measurement properties of measurement 

tools to assess joint health.
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INTRODUCTION
Recurrent hemorrhages into muscles and joints, particularly in the ankles, knees and 

elbows, are the hallmark of haemophilia. Exposure to blood leads to direct and indirect 

degeneration of joint cartilage and bone, resulting in haemophilic arthropathy. Haemophilic 

arthropathy is characterized by chronic pain, loss of range of motion and muscle atrophy, 

causing reduction in activities and social participation. These outcomes are dependent 

on the severity of haemophilia and inhibitor status.

Joint health refers to the structural integrity and function of a given synovial joint. Within 

the World Health Organization’s International Classification of Functioning, disability and 

health (ICF) model, joint health is classified in the domain of “body functions and structures”. 

For a complete evaluation of health, the World Health Organization recommends to assess 

all domains of the organization’s ICF model. The use of a set of high quality instruments 

for the measurement of all ICF domains is expected to optimize management of individual 

patients with haemophilia and improve comparability between outcome studies. 

Several measurement instruments have been developed that aim to measure joint health 

in persons with haemophilia (PWH). The musculoskeletal working group of the World 

Federation of Haemophilia and other consensus groups have suggested core sets of 

outcome assessment instruments to measure functional and physical status of PWH, 

including joint health. (http://elearning.wfh.org/resource/compendium-of-assessment-

tools).[1, 2] These choices were the result of consensus procedures and all experience 

based. Several reviews have been published while systematic appraisal of available data, 

including quality assessment of the included studies on the instruments’ measurement 

properties was lacking.[3-5] Recently, systematic reviews on measurement properties of 

health-related quality of life instruments and for instruments measuring activities and 

participation did include methodological quality appraisal using the COSMIN checklist.

[6, 7] However, a systematic review is still lacking for instruments that aim to assess  

joint health. 

The current review aims to obtain a comprehensive overview of the measurement 

properties i.e. validity, reliability and responsiveness of haemophilia-specific instruments 

used for the assessment of joint health by physical examination in adult and paediatric 

patients with all types of haemophilia and to identify gaps in the current knowledge on 

measurement properties in order to direct further research.

METHODS
This systematic review is reported in accordance with the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) statement (www.prisma-statement.org). 

Study inclusion criteria and methodological quality criteria were specified in a protocol 
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before study onset. The initial search included joint examination scores as well as 

instruments for assessment of activities, participation and health related quality of life. 

At an early stage it was decided by the authors to report the results of the systematic 

review according to topic; measurement tools for assessment of joint health, activity and 

participation and health-related quality of life are reported separately.[6, 7]

Selection of joint assessment instruments
The joint assessment instruments were identified by a survey distributed among several 

comprehensive haemophilia treatment centers (Columbus, USA; Denver, USA; Milan, Italy; 

Utrecht, The Netherlands; Valencia, Spain; Vellore, India), supplemented by a survey during 

an expert meeting held in Toronto, October 2014.[2] Four joint assessment instruments 

were selected: the physical examination score as recommended by the Orthopedic 

Advisory Committee of the World Federation of Haemophilia (WFH score)[8], the Colorado 

Physical Examination score (CPE),[9] the adjusted physical examination score as reported 

by Petrini (Petrini joint score, PJS),[10] and the Hemophilia Joint Health Score (HJHS). 

Study selection criteria
Studies that reported on reliability, validity or responsiveness of one of the joint scores 

were included. Studies that were published as an article in a peer-reviewed journal in 

English without publication date restrictions were eligible for inclusion. Besides studies 

that explicitly reported on the development or investigation of measurement properties 

of joint scores, also studies that used joint scores as outcome measure were included as 

these findings contribute to the evidence on validity. Studies including paediatric and 

adult patients with severe, moderate or mild haemophilia A or B were considered for 

inclusion. Results of studies among healthy children or adults were only described but 

not included in the overall rating of measurement properties. The following measurement 

properties were evaluated: 1) validity; structural validity and hypotheses testing. Cross-

cultural validity, content validity and criterion validity were not applicable to joint scores 

and were therefore not evaluated. 2) Reliability; three aspects were evaluated including 

internal consistency, reliability and measurement error. 3) Responsiveness. (see table 1 for 

definitions[11]).

Information sources and literature search
Studies were identified by searching electronic databases, by screening the bibliographic 

references of retrieved studies and review papers, and by contacting experts in the field 

to identify any studies that were not retrieved by the literature search. The electronic 

databases Medline and Embase were initially searched on October 7th 2014. A search 

update was performed on May 30th 2016. The full search for each database is listed 

in Appendix 2.The search was designed and supervised by professional librarians  

(C.N. and R.S). 
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Study selection 
The study selection, data extraction and methodological quality appraisal was performed 

by two investigators independently (S.G. and M.T.) In case of disagreement between 

the two reviewers, consensus was reached by discussion, with a third reviewer (K.F.). Studies 

were selected by assessing titles and abstracts of studies retrieved by the literature search. 

All potentially relevant studies were retrieved as complete manuscripts and examined for 

compliance with the inclusion criteria. 

Data collection 
Overlap in study populations between studies was checked by the authors’ names, 

authors’ affiliations, catchment areas, time of inclusion, and inclusion criteria of 

the participants. In case of uncertainties the author was contacted. A structured electronic 

data collection form was used to collect data on study and population characteristics and 

on measurement properties. The following data were extracted: patient inclusion criteria, 

study design, number of included patients, setting, study period, number of patients with 

severe haemophilia A, number of patients receiving prophylaxis, number of patients with 

inhibitors, measurement properties. 

Quality assessment of individual studies
The methodological quality of the selected studies was evaluated according to the 4-point 

COSMIN checklist.[12] For each measurement property the COSMIN includes items that 

assess design requirements and statistical methods. The actual content of the items is 

specific for each measurement property. Every item is rated on a 4-point scale (poor, 

fair, good, excellent) and the lowest score determines the overall rating. We adjusted 

the minimal sample size for reliability, measurement error and hypotheses testing from 

30 (as stated in the COSMIN checklist) to 20 to score “fair” instead of “poor”. This was 

justified as haemophilia is a rare disease and reliability studies of performance-based 

measurement tools require a smaller sample size than that of self-reported tools for which 

the COSMIN is primarily designed.[13, 14] Furthermore, as missingness is not applicable 

in joint assessment tools, two COSMIN items on missingness were excluded. 

Data synthesis
Summary of the evidence was performed by two investigators independently (S.G. and 

K.F). First, results of the measurement properties reported in the individual studies were 

rated as positive, negative or indeterminate based on criteria as shown in table 1.[11] 

Secondly, the level of evidence was summarized, combining results over all studies for 

each measurement property, taking into account the methodological quality of the studies, 

the number of available studies and the consistency of the results (table 2).[15] 
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Table 1. Definitions and quality criteria for measurement properties (Based on Terwee et al.)(11) 

Property Definition Rating Quality criteria

Reliability
Internal consistency The degree of interrelatedness among items and is generally 

calculated by Cronbach’s alpha.
+ (Sub)scale unidimensional AND Cronbach’s alpha(s) ≥ 0.70
? Dimensionality not known OR Cronbach’s alpha not determined
- (Sub)scale not unidimensional OR Cronbach’s alpha(s) < 0.70

Measurement error Systematic and random error of a person’s score that is not attributed 
to true changes in the construct and can be calculated by the standard 
error of measurement (SEM), limits of agreements (LoA) or smallest 
detectable change (SDC).

+ MIC > SDC OR MIC outside the LOA
? MIC not defined
- MIC ≤ SDC OR equals or inside LOA

Reliability The proportion of variance due to true differences between persons 
and includes test-retest reliability, inter-rater reliability and  
intra-rater reliability

+ ICC/weighted Kappa ≥ 0.70 OR Pearson’s r ≥ 0.80
? Neither ICC/weighted Kappa, nor Pearson’s determined
- ICC/weighted Kappa < 0.70 OR Pearson’s r < 0.80

Validity
Content validity The degree to which an instrument is an adequate reflection of 

the construct to be measured. This could be done by asking experts 
(e.g. the target population) to judge the relevance of the items.

+ The target population considers all items in the questionnaire to be relevant AND considers 
the questionnaire to be complete

? No target population involvement
- The target population considers items in the questionnaire to be irrelevant OR considers 

the questionnaire to be incomplete
Construct validity
 Cross-cultural validity The degree to which the performance of items on a translated or 

culturally adapted instrument is an adequate reflection of the original 
version.

+ Original factor structure confirmed OR no important DIF
? Confirmation original factor structure AND DIF not mentioned
- Original factor structure not confirmed OR important DIF

 Structural validity The degree to which the scores of an instrument are an adequate 
reflection of the dimensionality of the construct to be measured.

+ Factors should explain at least 50% of the variance
? Explained variance not mentioned
- Factors explain <50% of the variance

 Hypotheses testing The degree to which scores are consistent with pre-specified 
hypotheses and is evaluated in terms of convergent validity 
(correlation with demographic variables or instruments measuring 
the same construct) and discriminant validity (differences between 
known groups).

+ (Correlation with an instrument measuring the same construct ≥ 0.50 OR at least 75% of the results 
are in accordance with the hypotheses) AND correlation with related constructs is higher than with 
unrelated constructs

? Solely correlations determined with unrelated construct
- Correlation with an instrument measuring the same construct < 0.50 OR <75% of the results are in 

accordance with the hypotheses OR correlation with related constructs is lower than with unrelated 
constructs

Responsiveness The ability to detect change over time. + (Correlation with an instrument measuring the same construct ≥ 0.50 OR at least 75% of the results 
are in accordance with the hypotheses OR AUC ≥ 0.70) AND correlation with related constructs is 
higher than with unrelated constructs

? Solely correlations determined with unrelated constructs
- Correlation with an instrument measuring the same construct <0.50 OR >75% of the results are in 

accordance with the hypotheses OR AUC < 0.70 OR correlation with related constructs is lower 
than with unrelated constructs

MIC = minimal important change, SDC = smallest detectable change, LOA = limits of agreement, ICC = intraclass correlation 
coefficient, DIF = differential item functioning, AUC = area under the curve, + = positive rating, ? = indeterminate rating, - = 
negative rating



MEASUREMENT OF JOINT HEALTH 

59

4
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- ICC/weighted Kappa < 0.70 OR Pearson’s r < 0.80

Validity
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? Confirmation original factor structure AND DIF not mentioned
- Original factor structure not confirmed OR important DIF

 Structural validity The degree to which the scores of an instrument are an adequate 
reflection of the dimensionality of the construct to be measured.

+ Factors should explain at least 50% of the variance
? Explained variance not mentioned
- Factors explain <50% of the variance

 Hypotheses testing The degree to which scores are consistent with pre-specified 
hypotheses and is evaluated in terms of convergent validity 
(correlation with demographic variables or instruments measuring 
the same construct) and discriminant validity (differences between 
known groups).

+ (Correlation with an instrument measuring the same construct ≥ 0.50 OR at least 75% of the results 
are in accordance with the hypotheses) AND correlation with related constructs is higher than with 
unrelated constructs

? Solely correlations determined with unrelated construct
- Correlation with an instrument measuring the same construct < 0.50 OR <75% of the results are in 

accordance with the hypotheses OR correlation with related constructs is lower than with unrelated 
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Responsiveness The ability to detect change over time. + (Correlation with an instrument measuring the same construct ≥ 0.50 OR at least 75% of the results 
are in accordance with the hypotheses OR AUC ≥ 0.70) AND correlation with related constructs is 
higher than with unrelated constructs

? Solely correlations determined with unrelated constructs
- Correlation with an instrument measuring the same construct <0.50 OR >75% of the results are in 

accordance with the hypotheses OR AUC < 0.70 OR correlation with related constructs is lower 
than with unrelated constructs

MIC = minimal important change, SDC = smallest detectable change, LOA = limits of agreement, ICC = intraclass correlation 
coefficient, DIF = differential item functioning, AUC = area under the curve, + = positive rating, ? = indeterminate rating, - = 
negative rating



MEASUREMENT OF JOINT HEALTH 

60

4

Additional analyses
Subgroup analyses were performed for adult and paediatric patients. 

RESULTS
Study selection
Figure 1 presents the flow chart of the study selection process. Using the above search 

strategies, 2905 unique references were identified. After screening of the titles and 

abstracts, 286 unique articles were selected for full text inspection. After reviewing full 

text papers, 96 studies were eligible for inclusion. Two additional studies were included 

after screening reference lists of selected studies.(8, 9) Overlapping study populations 

were excluded when no additional data was provided. Details are provided in the footnote 

of table 3. 

Study characteristics
In total, 98 studies were included. Study characteristics and the overall methodological 

quality assessment per measurement property are presented in supplemental table 1. 

A total of 58 studies (17 paediatric, 16 adult, 25 combined populations) reported on the WFH 

joint score, seven studies (five paediatric, one adult, one combined study population) on 

the Colorado Physical Examination scale, six studies (five paediatric, one combined study 

populations) on the joint assessment score by Petrini and 32 (20 paediatric, 5 adult, 7 

combined study populations) studies reported on the HJHS. Measurement properties of 

more than one joint examination score were reported in five studies.[9, 16-19] The COSMIN 

methodological quality score of all studies was assessed as “fair” to “poor”. A small 

subset of eight studies explicitly aimed at investigating the measurement properties of 

the used joint assessment instruments (one CPE and seven HJHS).[9, 18, 20-25] Most 

studies reported on hypotheses testing (convergent and discriminative validity). A limited 

number of studies reported on reliability and responsiveness. The measurement properties 

of 54 studies with COSMIN methodological quality scores of at least “fair” on any of 

Table 2. Levels of evidence for the overall quality of the measurement property (15)

Level Rating Criteria

Strong +++ or --- Consistent findings in multiple studies of good methodological quality OR 
in one study with excellent methodological quality

Moderate ++ or -- Consistent findings in multiple studies of fair methodological quality OR 
in one study of good methodological quality

Limited + or - One study of fair methodological quality
Conflicting +/- Conflicting findings
Unknown ? Only studies with poor methodological quality

+ = positive result, - = negative result
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Figure 1. Flowchart of studyselection 
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*Studies could be assigned to multiple domains; HRQoL = Health Related Quality of Life 
 

the measurement properties are presented in table 3. The other 44 studies with “poor” 

methodological quality on the COSMIN checklist are presented in the supplementary 

material. Synthesis of the results for each joint examination score including the level of 

evidence is presented for the total patient group and for adults and children separately 

in table 4. 

Figure 1. Flow diagram of study selection. Number of unique reports is indicated in parenthesis. 
Numbers of studies in the systematic reviews exceed the number of studies eligible for inclusion in 
any of the three systematic reviews as individual studies may have included more than one outcome 
measurement instrument in different domains. HRQoL indicates Health Related Quality of Life.
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World Federation of Hemophilia (WFH) score
The WFH score is a haemophilia-specific physical examination scoring system for 

the assessment of joint health of the knees, ankles and elbows.[8] The physical examination 

score was described by the Orthopaedic Advisory Council of the WFH. The WFH score 

is an additive score ranging from 0 to 12 for each joint, with 0 being an unaffected joint 

and 12 being most affected. For each joint the following items are assessed: joint swelling 

(0-2), muscle atrophy (0-1), axial deformity of the knee and ankle (0-2), crepitus on motion 

(0-1), range of motion (0-2), flexion contracture (0-2) and instability (0-2). The maximum 

total score is 68 without pain score and 86 with pain score (0 to 3 for each joint).A total 

of 58 studies reported on measurement properties of the WFH score, of which 17 studies 

reported on paediatric patients, 16 on adult patients and 25 on paediatric and adult 

patients combined. None of the studies explicitly aimed at evaluating measurement 

properties of the WFH score.

For hypotheses testing 24 studies (six studies in children, seven in adults and 11 in a mixed 

population of children and adults) were assessed as “fair” on the COSMIN checklist. 

The other studies were assessed as “poor”, mostly because of sample size <20 subjects. 

Conflicting results were found for hypotheses testing in all populations. The WFH score 

showed a good correlation with CPE[9], a borderline correlation with a global joint 

physician health scale[18] but low correlation with MRI scores[26].

Two studies assessed as having “fair” methodological quality on responsiveness found 

improvement in WFH joint score after radiosynovectomy, which led to limited evidence for 

good responsiveness in mixed populations[27]. For paediatric patients there was limited 

evidence for unsatisfactory responsiveness based on a lack of change in WFH joint scores 

after radiosynoviorthesis.[16] None of the studies addressed reliability or structural validity. 

Significant floor effects of up to 88% were seen in European boys[26], whereas only 2% of 

high-titre inhibitor patients scored zero on the WFH joint score.[28] In one study in patients 

with severe haemophilia the score distribution in haemophilia patients was similar to that 

in healthy controls, reflecting the relative insensitivity of the WFH joint score.[29] The WFH 

joint score was used as a starting point for the development of the following three physical 

examination scales. 

Colorado Physical Examination (CPE) Scale
The CPE score was developed specifically for children and aims to detect subtle 

abnormalities in joint health.[9] The original CPE (CPE-1) assesses the following items 

of the knee, ankle and elbow: swelling (0-3 ), muscle atrophy (0-3), axial deformity (0-2, 

knees/ankles), crepitus of motion (0-3), range of motion (0-3), flexion contracture (0-3, 

hips/knees/ankles/elbows), instability (0-2), strength (0-3), pain with activity (0-3), pain 
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without activity (0-3) and gait abnormalities (0-2). Scores for the CPE-1 range from 0 to 31 

for ankles/knees and 0 to 29 for elbows. Subsequently, the scoring system was adapted 

into CPE-0.5 with maximum scores of 25 for ankles/knees and 23 for elbows. Higher scores 

indicate worse joint health. The Child-CPE includes age specific assessments and need 

for orthotics and/or splinting was added. The highest score achievable using the Child 

CPE is 31 for ankles/knees and 29 for elbows. None of the patients in the development 

study scored zero.[9] A total of seven studies reported on measurement properties of one 

of the CPE versions. These studies did not specify the version used. One study explicitly 

aimed at investigating measurement properties.[9]

Three studies (two studies including children and one including children and adolescents 

<20 years) were assessed as having “fair” methodological quality for hypotheses testing.

[9, 30, 31] One study was excluded from the analyses because of duplication of study 

cohorts.(32) Overall, conflicting results were found for hypotheses testing. Understandably, 

correlations were high with WFH physical examination score and lower with WFH 

pain scale.[9] Correlations with MRI scores were contradictory. In one paediatric study 

correlations between CPE score and additive and progressive MRI scores for elbows and 

knees were good, but unsatisfactory for ankles.[30] In another study, overall CPE score did 

not correlate well with the overall MRI scoring.[31]

Moderate evidence for good responsiveness was found. One study in a paediatric 

population and one in an adult population[16, 33] showed improvement in CPE scores after 

radiosynoviorthesis and after resistance training with and without pulsed electromagnetic 

field therapy, respectively. However, the expected extent of improvement was not reported 

and consequently the study was scored as “fair”. None of the studies addressed reliability, 

internal consistency or structural validity.

The Petrini Joint Score (PJS)
The PJS was adapted from the WFH scoring system for use in children.[10] It includes 

assessment of joint swelling (0-2), muscle atrophy (0-2), crepitus on motion (0-2), range 

of motion (0-2), flexion contracture (0-2), pain (0-3), gait (0-3) and strength against gravity 

(0-3). Three points can be added when the joint is considered a target joint and when 

a chronic synovitis is present. Ankles, knees and elbows are assessed. The PJS range 

between 0 and 25 per joint with a maximum total score of 150; a higher score indicates 

worse joint health. Six studies reported on measurement properties of the PJS. None of 

the studies explicitly aimed at investigating measurement properties. 

For hypotheses testing four studies (three including children and one including adults) 

were assessed as having “fair” methodological quality.[17, 35-37] In a follow-up study 

a subset of patients were re-evaluated after changes in prophylactic treatment, and 
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therefore excluded to avoid duplicate inclusion of patients.[36, 37] Satisfactory correlation 

was found with the Pettersson score, however the correlation with MRI was borderline 

at 0.48, with a predefined threshold of 0.50 for a good correlation.[36] Discriminative 

validity between severe and non-severe haemophilia, and clotting factor availability was 

assessed as satisfactory. In a study with a mixed adult and paediatric population, there 

was no correlation with the Petterson score in patients awaiting surgical synovectomy.[35] 

Therefore, in children moderate evidence for good hypotheses testing properties were 

found and for the overall population evidence was conflicting. 

Responsiveness was reported in two studies. Mean PJS did not substantially change in 

one paediatric study after start or intensification of prophylaxis. As we do not expect 

that several years of regular prophylaxis in children with a mean score of 2.0±3.6 would 

substantially decrease the score, responsiveness cannot be reliably assessed.[37] However, 

in a population of children and adults there was a clear improvement in PJS score after 

surgical synovectomy.[35] 

None of the studies addressed internal consistency, reliability, measurement error or 

structural validity.

Hemophilia Joint Health Score (HJHS)
The HJHS incorporates items of the WFH joint score, CPE and PJS.(22) It was originally 

designed to detect mild joint impairment in children with haemophilia aged 4-18 years. 

The latest HJHS 2.1 version consists of assessment of swelling (0-3), duration of swelling 

(0-1), muscle atrophy (0-2), crepitus on motion (0-2), flexion loss (0-3), extension loss (0-3), 

joint pain (0-2) and strength (0-2) of the knees, ankles and elbows and a global gait score. 

The maximum score is 124, with a higher score indicating worse joint health.[25] Version 1.0 

additionally included instability, gait per joint and axial alignment, with a maximum score 

of 148.[22] This version was adapted to include updated normative tables, comparison of 

ROM with the contralateral side and gait at patient level rather than at joint level. A total 

of 32 studies reported on measurement properties of the HJHS. Seven studies explicitly 

aimed at investigating measurement properties of the HJHS, two of these studies were 

rated “poor” on the COSMIN methodological quality scale because of the small sample 

size.[22, 25]

One paediatric study with “fair” methodological quality resulted in limited evidence for 

good internal consistency (Cronbach’s alpha 0.83-0.84).[18] Although three paediatric 

studies reported good test-retest and interrater reliability with ICCs>0.70, reliability 

was rated unknown due to insufficient numbers of included patients (<20) [21, 22, 25] In 

three studies limits of agreement were reported, but measurement error was considered 

unknown due to insufficient number of included patients (0<20). [21, 22, 25, 38] Limited 

evidence is available for good structural validity. An explained variance of 52% in factor 
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analyses was reported in a study of paediatric patients.[18] Responsiveness was considered 

unknown, because all studies included less than 20 patients.[50-52]

A total of 22 studies (13 paediatric, four adult and five mixed populations) were assessed 

as having “fair” methodological quality for hypotheses testing. Overall, for hypotheses 

testing conflicting evidence was found for paediatric patients, whereas moderate evidence 

was found for good hypotheses testing properties in adult populations. In a paediatric 

study HJHS correlated well with the HEAD-US ultrasound score[39]. In conflict with this 

finding, in other paediatric populations the correlations with a global physician joint health 

scale, with Petterson scores, Arnold Hilgartner scores, MRI additive and progressive scores 

and HEAD-US scores were insufficient.[18, 24, 40] This results from a relatively high rate 

of abnormal findings with imaging studies without clinical symptoms in some studies, 

[40] but not in other studies.[39]Discrimination was good in pediatric patient groups 

comparing inhibitor status, onset of prophylaxis, severity of haemophilia, prophylaxis 

regimen, HEAD-US abnormalities, need for secondary prophylaxis and patients’ age. [18, 

20, 24, 39, 41, 42] However, in other studies HJHS did not discriminate well by severity of 

haemophilia in paediatric populations with access to primary prophylaxis nor in children 

treated on demand only.[43, 44] Overall, evidence for hypotheses testing in paediatric 

patients was rated as conflicting.

In adult populations there was a clear discrimination by HJHS scores between groups 

according to age at start prophylaxis, presence of synovitis and continuation of prophylaxis 

in adult populations.[45-47] Overall, moderate evidence was found for good hypotheses 

testing properties in adult populations. In populations including both children and adults 

correlations between HJHS and MRI scores were low (r 0.27),[48] whereas reported 

correlations with Petterson scores were high (r 0.67 to 0.86).[21, 49] Overall, for hypotheses 

testing conflicting evidence was found for mixed paediatric and adult populations.

DISCUSSION
Summary
In this overview of measurement properties of four haemophilia-specific measurement 

tools for the assessment of joint health, a total of 98 studies were included. For most of 

the included measurement tools hypotheses testing and to a lesser extent responsiveness 

were investigated in multiple studies. Evidence on hypotheses testing was conflicting in 

most measurement tools. Yet, overall moderate evidence for good hypotheses testing 

properties was found in paediatric populations for the PJS and in adult populations for 

the HJHS. Limited to moderate evidence exists for responsiveness of the CPE. Internal 

consistency, reliability, measurement error and structural validity were only reported for 

the HJHS. However, test-retest reliability and measurement error were rated as unknown, 

because of small sample size.
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Table 3. Characteristics and measurement properties of included studies, scored as “fair” on the COSMIN checklist.

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

WFH
Children
Astermark et 
al. 1999[54]

121

100% severe

100% prophylaxis

0% inhibitors

na Correlations: Between joint score at age 15-18yr and clotting 
factor consumption in IU/kg/yr: Spearman’s r=-0.27, p 0.062. 

Discriminative validity: 

At age 10 yr: only 14 of 90 patients had orthopaedic joint 
score>0. 

Kaplan Meier, time to first positive WFH score: 

between age at start prophylaxis of 0-2 yr vs start >3yr, p 
0.001.

between age at start prophylaxis of 3-5 yr vs 6-9 yr, p 
0.275.

?

+

na na na na

De Podestá 
Haje et al. 
2011[58]

(PE, pain, 
bleeding 
score)

23

100% severe

100% prophylaxis

na

Median 10 
(range 0-7)

Discriminative validity: Total cohort of children on primary 
prophylaxis in developing country median WFH score 0 (0-7).

? na na na na

Feldman et 
al. 2011[18]

226

58% severe

67% prophylaxis

16% inhibitors

na Correlations: Borderline correlation with a global physician 
joint health scale: Spearman’s r 0.47, overall arthropathy 
impact: r 0.43, lifetime number of haemarthroses r 0.43, No 
correlation with modified CHAQ: r 0.04. 

Discriminative validity: 

Severe haemophilia: median 6 (IQR 6), moderate: 5.5 (IQR 
6), mild: 4 (IQR 6). HJHS (p 0.003) approximately 97% 
more efficient at differentiating subjects by severity than 
the WFH score (p 0.06). 

Prophylaxis: median 6 (IQR 6) vs. never prophylaxis: 
median 4 (IQR 6).

HJHS (p 0.0003) 74% more efficient at differentiating than 
WFH (p 0.007). Only severe patients, HJHS 63% more 
efficient at differentiating patients with prophylaxis (median 
HJHS 5.0) from secondary prophylaxis (median 9.0) and on 
demand (median11.5), p 0.00006 than the WFH (median 
primary prophylaxis 6.0, median secondary prophylaxis 7.0, 
median on demand 7.0; p 0.003).

-

-

 

-

na na na na
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Table 3. Characteristics and measurement properties of included studies, scored as “fair” on the COSMIN checklist.

Author
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% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating
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100% prophylaxis
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na Correlations: Between joint score at age 15-18yr and clotting 
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At age 10 yr: only 14 of 90 patients had orthopaedic joint 
score>0. 

Kaplan Meier, time to first positive WFH score: 

between age at start prophylaxis of 0-2 yr vs start >3yr, p 
0.001.

between age at start prophylaxis of 3-5 yr vs 6-9 yr, p 
0.275.

?

+

na na na na

De Podestá 
Haje et al. 
2011[58]

(PE, pain, 
bleeding 
score)

23

100% severe

100% prophylaxis

na

Median 10 
(range 0-7)

Discriminative validity: Total cohort of children on primary 
prophylaxis in developing country median WFH score 0 (0-7).

? na na na na

Feldman et 
al. 2011[18]

226

58% severe

67% prophylaxis

16% inhibitors

na Correlations: Borderline correlation with a global physician 
joint health scale: Spearman’s r 0.47, overall arthropathy 
impact: r 0.43, lifetime number of haemarthroses r 0.43, No 
correlation with modified CHAQ: r 0.04. 

Discriminative validity: 

Severe haemophilia: median 6 (IQR 6), moderate: 5.5 (IQR 
6), mild: 4 (IQR 6). HJHS (p 0.003) approximately 97% 
more efficient at differentiating subjects by severity than 
the WFH score (p 0.06). 

Prophylaxis: median 6 (IQR 6) vs. never prophylaxis: 
median 4 (IQR 6).

HJHS (p 0.0003) 74% more efficient at differentiating than 
WFH (p 0.007). Only severe patients, HJHS 63% more 
efficient at differentiating patients with prophylaxis (median 
HJHS 5.0) from secondary prophylaxis (median 9.0) and on 
demand (median11.5), p 0.00006 than the WFH (median 
primary prophylaxis 6.0, median secondary prophylaxis 7.0, 
median on demand 7.0; p 0.003).

-

-

 

-

na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Kreuz et al. 
1998[78] 

21

90% severe (<2%)

100% prophylaxis

na inhibitors

na Discriminative validity: 

Median WFH score according to start prophylaxis:

<2yr (N 8): 0 (range 0-0) in 1993 and 0 (range 0-2) in 1997. 

3-6 yr (N 6): 0 (range 0-0) in 1993 and 4 (range 4-4) in 1997. 

>6yr (N 7): 4 (range 0-11) in 1993 and 8 (range 2-12) in 1997. 

Petterson scores increased from 0 (range 0-4), to 8 (range 
0-13) to 19.5 (range 1-47) in 1997. However, median age 
in 1997 was older in group that started prophylaxis latest: 
12.25 yr (range 8.4-18.6), 9 (range 7.35-10.1) and 15.3 
(range 9.1-17.75) yr resp. 

+  na na na na

Lundin et al. 
2005[26]

38 patients 

56 ankles 

na severe

na prophylaxis

na inhibitors

median 0 (IQR 
0-0, range 
0-4), mean 
0.25

Correlations: Statistically significant correlations of WFH 
score with the European MRI score r 0.37, P<0.01 and 
with the Denver score: Spearman’s r 0.32, P <0.05. 

Discriminative validity: Higher WFH score in ankle joints 
with higher number of joint bleeds: None of the 8 ankles 
without and none of 11 ankles with 1-2 joint bleeds had 
WFH score >0, 3 of 18 (17%) ankles with 3-9 joint bleeds 
had WFH score >0. 4 of 19 (21%) ankles with ≥10 joint 
bleeds had WFH score >0. 

-

-

na na na na

Manco-
Johnson et 
al. 2000[9]

43 patients

na severe

7% prophylaxis

9% inhibitors

mean 
4.81±1.84, 
range 1-8.0. 

Correlations: with WFH pain scale: Spearman’s r 0.1, not 
significant, with Child PE: Spearman’s r 0.63, p <0.05. 

+ na na na na

Manco-
Johnson et 
al. 2002[16]

51 

na severe

36% prophylaxis

20% inhibitors

mean 4.8, SD 
1.6

na na na na Mean decrease in score of -0.43, 
SD 1.8 after radiosynoviorthesis (p 
0.11). Before mean 4.7, SD 1.7 and 
6 months after mean 4.2, SD 2.0. 

-

Adults
Aznar et 
al. 2000 
471[55]

70

59% severe

46% prophylaxis

0% inhibitors

0-score: 60% 
knees, 57% 
ankle, 53% 
elbow=14.3% 
of all patients

1 score: 22% 
knee, 14% 
ankle, 15% 
elbow/

>1 score:  
18% knee,  
29% ankle, 
32% elbow

Correlations: Statistically significant correlations with 
SF-36 domains physical functioning Spearman’s r -0.45, 
p 0.001, vitality Spearman’s r -0.32, p 0.007, rest of SF36 
domains: Spearman’s r -0.14 to 0.08, (not stat sign).

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Kreuz et al. 
1998[78] 

21

90% severe (<2%)

100% prophylaxis

na inhibitors

na Discriminative validity: 

Median WFH score according to start prophylaxis:

<2yr (N 8): 0 (range 0-0) in 1993 and 0 (range 0-2) in 1997. 

3-6 yr (N 6): 0 (range 0-0) in 1993 and 4 (range 4-4) in 1997. 

>6yr (N 7): 4 (range 0-11) in 1993 and 8 (range 2-12) in 1997. 

Petterson scores increased from 0 (range 0-4), to 8 (range 
0-13) to 19.5 (range 1-47) in 1997. However, median age 
in 1997 was older in group that started prophylaxis latest: 
12.25 yr (range 8.4-18.6), 9 (range 7.35-10.1) and 15.3 
(range 9.1-17.75) yr resp. 

+  na na na na

Lundin et al. 
2005[26]

38 patients 

56 ankles 

na severe

na prophylaxis

na inhibitors

median 0 (IQR 
0-0, range 
0-4), mean 
0.25

Correlations: Statistically significant correlations of WFH 
score with the European MRI score r 0.37, P<0.01 and 
with the Denver score: Spearman’s r 0.32, P <0.05. 

Discriminative validity: Higher WFH score in ankle joints 
with higher number of joint bleeds: None of the 8 ankles 
without and none of 11 ankles with 1-2 joint bleeds had 
WFH score >0, 3 of 18 (17%) ankles with 3-9 joint bleeds 
had WFH score >0. 4 of 19 (21%) ankles with ≥10 joint 
bleeds had WFH score >0. 

-

-

na na na na

Manco-
Johnson et 
al. 2000[9]

43 patients

na severe

7% prophylaxis

9% inhibitors

mean 
4.81±1.84, 
range 1-8.0. 

Correlations: with WFH pain scale: Spearman’s r 0.1, not 
significant, with Child PE: Spearman’s r 0.63, p <0.05. 

+ na na na na

Manco-
Johnson et 
al. 2002[16]

51 

na severe

36% prophylaxis

20% inhibitors

mean 4.8, SD 
1.6

na na na na Mean decrease in score of -0.43, 
SD 1.8 after radiosynoviorthesis (p 
0.11). Before mean 4.7, SD 1.7 and 
6 months after mean 4.2, SD 2.0. 

-

Adults
Aznar et 
al. 2000 
471[55]

70

59% severe

46% prophylaxis

0% inhibitors

0-score: 60% 
knees, 57% 
ankle, 53% 
elbow=14.3% 
of all patients

1 score: 22% 
knee, 14% 
ankle, 15% 
elbow/

>1 score:  
18% knee,  
29% ankle, 
32% elbow

Correlations: Statistically significant correlations with 
SF-36 domains physical functioning Spearman’s r -0.45, 
p 0.001, vitality Spearman’s r -0.32, p 0.007, rest of SF36 
domains: Spearman’s r -0.14 to 0.08, (not stat sign).

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Di Minno et 
al. 2013[59]

20 patients

20 controls

80 joints

100% severe

70% prophylaxis

na inhibitors

0 (selection 
on joint score 
of 0)

Discriminative validity: Early signs of arthropathy are 
identified by US score (by Klukowska) (3.40±1.72) and 
additive MRI (7.00±5.52) in joints with WFH score of 0. 
WFH score significantly underestimates the prevalence of 
mild/moderate joint changes. 

- na na na na

Ferreira et 
al. 2013[62]

39

39% severe

0% prophylaxis

3% inhibitors

mean 16,87, 
SD 9,49

Correlations: Good correlation between WFH and FISH 
scores: Spearman’s r -0.85, p 0.01. In severe (Spearman’s 
r=0.51, p 0.04) and moderate (Spearman’s r 0.54, p 0.03), 
but not in mild haemophilia (Spearman’s r 0.41, p0.30), 
statistically significant correlation of WFH score with age. 
No statistically significant correlation with clotting factor 
consumption in past 12 months.

Discriminative validity: Severe haemophilia: mean WFH 
score: 20.67, SD 6.70, range 15-34; moderate: mean 
20.19, SD 7.54, range 4-29, mild: mean 3.13, SD 1.72, 
range 1-6. Statistically significant difference between mild 
vs moderate/severe, P<0.001.

?

+

na na na na

Fischer et al. 
2002[66] 

155

100% severe

32% prophylaxis

0% inhibitors

na Discriminative validity: 

106 French patients treated on demand: median 8.0 (IQR 
3.3-14.0) with 11% with zero score (Petterson 16 (8-28)). 

49 Dutch patients intermediate dose prophylaxis 
(start after 1st joint bleed, 15-25 IU/kg 2-3x/week 
for haemophilia A and 30-50 IU/kg 1-2x/week for 
haemophilia B): median 2.0 (IQR 0.3-5.0), 25% with score 
zero (Petterson 7 (3-15), P <0.001). Age adjusted RR 
2.7(CI 2.0-3.9).

E na na na na

Fischer et al. 
2003[67]

176

100% severe

32% prophylaxis

0% inhibitors

na Discriminative validity: High dose prophylaxis results in 
a slightly lower overall WFH scores: 

106 on demand, France: median 8.0 (IQR 3.3-14.0), 
Petterson 16 (8-28).

49 intermediate dose prophylaxis, Netherlands: median 
2.0 (IQR 0.3-5.0), Petterson 7 (3-15). 

24 high dose prophylaxis, Sweden: median 0 (IQR 0-1.0), 
Petterson 4 (0-15).

+ na na na na

Kempton et 
al. 2014[77]

70

43% severe

23% prophylaxis

6% inhibitors

total group 
score median 
12 (IQR 7-22)

Discriminative validity: Total group score median 12 
(IQR 7-22), association with bone mineral density <50 yr: 
beta -0.006 (CI -0.010 to -0.001, p 0.02) and >50yr: beta 
0.0006 (CI-0.006 to 0.004). Joint score explained  
10% variability.

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Di Minno et 
al. 2013[59]

20 patients

20 controls

80 joints

100% severe

70% prophylaxis

na inhibitors

0 (selection 
on joint score 
of 0)

Discriminative validity: Early signs of arthropathy are 
identified by US score (by Klukowska) (3.40±1.72) and 
additive MRI (7.00±5.52) in joints with WFH score of 0. 
WFH score significantly underestimates the prevalence of 
mild/moderate joint changes. 

- na na na na

Ferreira et 
al. 2013[62]

39

39% severe

0% prophylaxis

3% inhibitors

mean 16,87, 
SD 9,49

Correlations: Good correlation between WFH and FISH 
scores: Spearman’s r -0.85, p 0.01. In severe (Spearman’s 
r=0.51, p 0.04) and moderate (Spearman’s r 0.54, p 0.03), 
but not in mild haemophilia (Spearman’s r 0.41, p0.30), 
statistically significant correlation of WFH score with age. 
No statistically significant correlation with clotting factor 
consumption in past 12 months.

Discriminative validity: Severe haemophilia: mean WFH 
score: 20.67, SD 6.70, range 15-34; moderate: mean 
20.19, SD 7.54, range 4-29, mild: mean 3.13, SD 1.72, 
range 1-6. Statistically significant difference between mild 
vs moderate/severe, P<0.001.

?

+

na na na na

Fischer et al. 
2002[66] 

155

100% severe

32% prophylaxis

0% inhibitors

na Discriminative validity: 

106 French patients treated on demand: median 8.0 (IQR 
3.3-14.0) with 11% with zero score (Petterson 16 (8-28)). 

49 Dutch patients intermediate dose prophylaxis 
(start after 1st joint bleed, 15-25 IU/kg 2-3x/week 
for haemophilia A and 30-50 IU/kg 1-2x/week for 
haemophilia B): median 2.0 (IQR 0.3-5.0), 25% with score 
zero (Petterson 7 (3-15), P <0.001). Age adjusted RR 
2.7(CI 2.0-3.9).

E na na na na

Fischer et al. 
2003[67]

176

100% severe

32% prophylaxis

0% inhibitors

na Discriminative validity: High dose prophylaxis results in 
a slightly lower overall WFH scores: 

106 on demand, France: median 8.0 (IQR 3.3-14.0), 
Petterson 16 (8-28).

49 intermediate dose prophylaxis, Netherlands: median 
2.0 (IQR 0.3-5.0), Petterson 7 (3-15). 

24 high dose prophylaxis, Sweden: median 0 (IQR 0-1.0), 
Petterson 4 (0-15).

+ na na na na

Kempton et 
al. 2014[77]

70

43% severe

23% prophylaxis

6% inhibitors

total group 
score median 
12 (IQR 7-22)

Discriminative validity: Total group score median 12 
(IQR 7-22), association with bone mineral density <50 yr: 
beta -0.006 (CI -0.010 to -0.001, p 0.02) and >50yr: beta 
0.0006 (CI-0.006 to 0.004). Joint score explained  
10% variability.

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

van Dijk et 
al. 2005[97]

80

100% severe

100% prophylaxis

0% inhibitors

denmark: 
median 3.0 
(IQR 0.0-5.5) 
NL: 3.0 (IQR 
1.0-6.0)

Discriminative validity: Continued prophylaxis N 52: 
median 3.0 (IQR 1.0-6.0) vs discontinued prophylaxis N 
28: 4.0 (IQR 0.8-6.3), p 0.72

- na na na na

Children & Adults
Brunner et 
al. 2014[29]

157 for strength

139 for 
contraction 
steadiness 

100% severe

na prophylaxis

na inhibitors

Left knee: 
median 2.0 
(IQR 1.0-4.0)

Right knee: 
median 1.0 
(0.0-3.5)

Discriminative validity: Comparison of knees in patients 
with a ≥1 WFH score difference showed decreased 
quadriceps isometric contraction steadiness and lower 
quadriceps strength in the more affected extremity. 
Median WFH score in less affected knee 1.0 (IQR 0.0-1.0) 
compared to the more affected knee 2.0 (IQR 1.0-6.0): 
Steadiness CV-MVIC median 0.60 (IQR 0.27-1.41) vs 0.78 
(IQR 0.33-1.98), p 0.045 and strength MVIC median 2.74 
(IQR 1.80-3.22) vs 2.23 (IQR 1.25-2.96), p 0.000. 

Comparison of median WFH scores of left/right knees 
between patients and controls: patients: median 2.0 
(IQR 1.0-4.0)/median 1.0 (0.0-3.5) vs. controls: 1.0 (IQR 
1.0-2.0), p 0.059/1.0 (IQR 1.0-1.0), p 0.109. 

-

 
 
 
 
 
 
 
 
-

na na na na

De la Corte-
Rodriguez et 
al. 2011[27]

104 joints 

78 persons 

156 interventions

see 
responsiveness

na na na na All joints:

18.9 % improvement after first 
injection (n=85): from mean 
5.16, SD 1.9 to mean 4.2, SD 2.2 
(p<0.001).

24.7% improvement after second 
injection (n= 30): from mean 
5.9, SD 1.6, tomean 4.4, SD 2 
(p=0.001). 

13.1% improvement after third 
injection (n=12): from mean 6.1, SD 
1.1, to mean 5.3, SD 1.8 (p= 0.039). 

Elbow: 18%improvement after first 
injection (n=28): from mean 6.1, SD 
1.6 to mean 5, SD 2.0 (p=0.001). 

Knee: 16.6% improvement after first 
injection (n=43): from mean 4.8, SD 
1.9, to mean 4, SD 2.2 (p=0.001). 

Ankle: 25.1% improvement after 
first injection (n=14): from mean 
4.2, SD 2.0 to mean 3.1, SD 2.2 
(p=0.016).

+
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

van Dijk et 
al. 2005[97]

80

100% severe

100% prophylaxis

0% inhibitors

denmark: 
median 3.0 
(IQR 0.0-5.5) 
NL: 3.0 (IQR 
1.0-6.0)

Discriminative validity: Continued prophylaxis N 52: 
median 3.0 (IQR 1.0-6.0) vs discontinued prophylaxis N 
28: 4.0 (IQR 0.8-6.3), p 0.72

- na na na na

Children & Adults
Brunner et 
al. 2014[29]

157 for strength

139 for 
contraction 
steadiness 

100% severe

na prophylaxis

na inhibitors

Left knee: 
median 2.0 
(IQR 1.0-4.0)

Right knee: 
median 1.0 
(0.0-3.5)

Discriminative validity: Comparison of knees in patients 
with a ≥1 WFH score difference showed decreased 
quadriceps isometric contraction steadiness and lower 
quadriceps strength in the more affected extremity. 
Median WFH score in less affected knee 1.0 (IQR 0.0-1.0) 
compared to the more affected knee 2.0 (IQR 1.0-6.0): 
Steadiness CV-MVIC median 0.60 (IQR 0.27-1.41) vs 0.78 
(IQR 0.33-1.98), p 0.045 and strength MVIC median 2.74 
(IQR 1.80-3.22) vs 2.23 (IQR 1.25-2.96), p 0.000. 

Comparison of median WFH scores of left/right knees 
between patients and controls: patients: median 2.0 
(IQR 1.0-4.0)/median 1.0 (0.0-3.5) vs. controls: 1.0 (IQR 
1.0-2.0), p 0.059/1.0 (IQR 1.0-1.0), p 0.109. 

-

 
 
 
 
 
 
 
 
-

na na na na

De la Corte-
Rodriguez et 
al. 2011[27]

104 joints 

78 persons 

156 interventions

see 
responsiveness

na na na na All joints:

18.9 % improvement after first 
injection (n=85): from mean 
5.16, SD 1.9 to mean 4.2, SD 2.2 
(p<0.001).

24.7% improvement after second 
injection (n= 30): from mean 
5.9, SD 1.6, tomean 4.4, SD 2 
(p=0.001). 

13.1% improvement after third 
injection (n=12): from mean 6.1, SD 
1.1, to mean 5.3, SD 1.8 (p= 0.039). 

Elbow: 18%improvement after first 
injection (n=28): from mean 6.1, SD 
1.6 to mean 5, SD 2.0 (p=0.001). 

Knee: 16.6% improvement after first 
injection (n=43): from mean 4.8, SD 
1.9, to mean 4, SD 2.2 (p=0.001). 

Ankle: 25.1% improvement after 
first injection (n=14): from mean 
4.2, SD 2.0 to mean 3.1, SD 2.2 
(p=0.016).

+
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Fischer et al. 
2000[63]

46

0% severe

33% prophylaxis

0% inhibitors

median 0  
( IQR 0-1)

Discriminative validity: No relation of median (IQR) WFH 
score with residual clotting factor activity: 1% 0.5 (0-0.9), 
2% 0.3 (0.1-0.9), 3% 0 (0-0), 4% 0 (0-5.0), 5% 0 (0-1.1). No 
statistically significant association between endogenous 
clotting factor activity and WFH score RR 1.0 (CI 0.59-
1.67), RR adjusted for age 0.86 (CI 0.60-1.24).

- na na na

Fischer et al. 
2002[64]

128 

100% severe

 99% prophylaxis

0% inhibitors

Intermediate 
dose 
prophylaxis 
NL born 
1970-79: 
WFH joint 
score: median 
(IQR): 2 (0-5) 
vs Sweden 
0 (0-4), p 
0.449Born 
1980-89: NL 
WFH joint 
score: 0 (0-2), 
vs 0 (0-0),  
P <0.001

Discriminative validity: Comparison between intermediate 
dose prophylaxis group Netherlands (start prophylaxis after 
first spontaneous joint bleed) vs high dose prophylaxis 
group Sweden (start prophylaxis age 1 yr). 

Born 1970-79: median scores (IQR)

WFH score: Netherlands 2 (0-5) vs Sweden 0 (0-4), p 0.449. 

Petterson score: Netherlands: 10 (3.5-17.5) vs Sweden: 4 
(0-15), p 0.750. 

Born 1980-89: median scores (IQR)

WFH score: Netherlands 0 (0-2), vs Sweden 0 (0-0), p<0.001. 

Petterson: Netherlands: 0 (0-5) vs Sweden 0 (0-0), P <0.001.

- na na na na

Fischer et al. 
2002[65]

76

100% severe

100% prophylaxis 

0% inhibitors

Median 2 (IQR 
0-5.5)

Discriminative validity: WFH scores were lower in patients 
starting prophylaxis earlier: 

<4 yr (N 16): median 1 (IQR 0-2) and 56% of pt had 
score>0

 4-7 yr (N 34): median 3 (IQR 1-5) and 76% of patients had 
score >0

>8 yr (N 26): median 5 (IQR 2-8) and 81% had score >0. 

Of note, patients who started prophylaxis earlier 
were younger (median age at evaluation 16.4 yr (IQR 
14.2-20.4), 19.7 (IQR 16.6-24.4), 20.4 (IQR 15.7-27.6), 
respectively.

WFH scores were lower in patients with fewer joint bleeds 
before start of prophylaxis, but scores were comparable in 
those with 15-44 and ≥45 bleeds: <3 joint bleeds: median 
0 (IQR 0-1) and 30% had score>0

3-14 joint bleeds: median 2 (IQR 0-5) and 73% had 
score>0

15-44 joint bleeds: median 4 (IQR 1-6) and 77% had 
score>0

≥45 joint bleeds: median 4 (IQR 0-5) and 67% had 
score>0

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Fischer et al. 
2000[63]

46

0% severe

33% prophylaxis

0% inhibitors

median 0  
( IQR 0-1)

Discriminative validity: No relation of median (IQR) WFH 
score with residual clotting factor activity: 1% 0.5 (0-0.9), 
2% 0.3 (0.1-0.9), 3% 0 (0-0), 4% 0 (0-5.0), 5% 0 (0-1.1). No 
statistically significant association between endogenous 
clotting factor activity and WFH score RR 1.0 (CI 0.59-
1.67), RR adjusted for age 0.86 (CI 0.60-1.24).

- na na na

Fischer et al. 
2002[64]

128 

100% severe

 99% prophylaxis

0% inhibitors

Intermediate 
dose 
prophylaxis 
NL born 
1970-79: 
WFH joint 
score: median 
(IQR): 2 (0-5) 
vs Sweden 
0 (0-4), p 
0.449Born 
1980-89: NL 
WFH joint 
score: 0 (0-2), 
vs 0 (0-0),  
P <0.001

Discriminative validity: Comparison between intermediate 
dose prophylaxis group Netherlands (start prophylaxis after 
first spontaneous joint bleed) vs high dose prophylaxis 
group Sweden (start prophylaxis age 1 yr). 

Born 1970-79: median scores (IQR)

WFH score: Netherlands 2 (0-5) vs Sweden 0 (0-4), p 0.449. 

Petterson score: Netherlands: 10 (3.5-17.5) vs Sweden: 4 
(0-15), p 0.750. 

Born 1980-89: median scores (IQR)

WFH score: Netherlands 0 (0-2), vs Sweden 0 (0-0), p<0.001. 

Petterson: Netherlands: 0 (0-5) vs Sweden 0 (0-0), P <0.001.

- na na na na

Fischer et al. 
2002[65]

76

100% severe

100% prophylaxis 

0% inhibitors

Median 2 (IQR 
0-5.5)

Discriminative validity: WFH scores were lower in patients 
starting prophylaxis earlier: 

<4 yr (N 16): median 1 (IQR 0-2) and 56% of pt had 
score>0

 4-7 yr (N 34): median 3 (IQR 1-5) and 76% of patients had 
score >0

>8 yr (N 26): median 5 (IQR 2-8) and 81% had score >0. 

Of note, patients who started prophylaxis earlier 
were younger (median age at evaluation 16.4 yr (IQR 
14.2-20.4), 19.7 (IQR 16.6-24.4), 20.4 (IQR 15.7-27.6), 
respectively.

WFH scores were lower in patients with fewer joint bleeds 
before start of prophylaxis, but scores were comparable in 
those with 15-44 and ≥45 bleeds: <3 joint bleeds: median 
0 (IQR 0-1) and 30% had score>0

3-14 joint bleeds: median 2 (IQR 0-5) and 73% had 
score>0

15-44 joint bleeds: median 4 (IQR 1-6) and 77% had 
score>0

≥45 joint bleeds: median 4 (IQR 0-5) and 67% had 
score>0

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Poonnoose 
et al. 
2005[88]

35

100% severe

0% prophylaxis

na inhibitors

mean 13.9 
(range 3-27)

Correlations: with FISH Pearson’s r -0.68, P 0.000. E na na na na

Poonnoose 
et al. 
2007[89]

63

100% severe

0% prophylaxis

na inhibitors

na Correlations: with FISH Spearman’s r-0.61, with WOMAC 
Spearman’s r 0.31, with HAQ Spearman’s r 0.4. with HAL 
Spearman’s r 0.48.

? na na Before treatment for flexion 
deformities of knees: mean11.2, SD 
6.9 and after mean 10.8, SD 6.5, p 
0.102. Standardized response  
mean 0.43. 

Cosmin methodological quality 
score: Poor

na

Schramm et 
al. 2012[17]

983

70.0% severe

4.3%-32.4% 
prophylaxis

na inhibitors

total: mean 
17.5±16.8, 
range 0-98

Discriminative validity: 

Severe haemophilia: mean 21.6±17.2, range 0-98, 
moderate/mild: mean 7.5±10.3, range 0-45.0. 

>5 IU per capita: median 8, mean 13.9±14.8

2-5 IU per capita: median 13, mean 17.2±15.7

<2IU per capita: median 21, mean 24.5±19.6. 

Regression: prophylaxis: 0.54, severe 4.32, prophylaxis 
in severe: -1.30, age 66-100yr 9.43, age 31-65yr 8.12, 
ref age 17-30 yr, >5IU per capita: -3.96, <2IU per capita: 
10.36, ref 2-5IU per capita. 

+ na na na na

Stieltjes et 
al. 2009[28]

(PE and pain 
score)

50

100% severe

18% prophylaxis

100% inhibitors

mean 19.5 ± 
10.9, median 
18.5, range 
0-48

Discriminative validity: 

Age<35y: mean 14.5±9.6, median 13.0, range 0-48 vs 

age >35y: mean 24.9±9.8, median 25.0, range 6-40, 
p<0.001.

+ na na na na

Tagliaferri et 
al. 2015[93]

(PE and pain 
score)

53

100% severe

51% prophylaxis

na inhibitors

na Discriminative validity: WFH scores were higher in older 
patients compared to younger ones, and in patients 
treated on demand compared to prophylaxis, both at 
baseline and after follow up of 5.3 yr: 

Prophylaxis:

Age 12-25 yr baseline: mean 3.2±3.3, follow up: mean 
3.0±2.4.

Age 26-55 yr baseline mean 13.3±15.4, follow up: mean 
10.1±12.5.

On demand: 

Age 12-25 yr baseline: mean 5.4±3.0, follow up: mean 
8.8±4.4.

Age 26-55 yr baseline: mean 17.1±10.3, follow up: mean 
21.5±12.8, 

Between treatment groups: p 0.0019.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Poonnoose 
et al. 
2005[88]

35

100% severe

0% prophylaxis

na inhibitors

mean 13.9 
(range 3-27)

Correlations: with FISH Pearson’s r -0.68, P 0.000. E na na na na

Poonnoose 
et al. 
2007[89]

63

100% severe

0% prophylaxis

na inhibitors

na Correlations: with FISH Spearman’s r-0.61, with WOMAC 
Spearman’s r 0.31, with HAQ Spearman’s r 0.4. with HAL 
Spearman’s r 0.48.

? na na Before treatment for flexion 
deformities of knees: mean11.2, SD 
6.9 and after mean 10.8, SD 6.5, p 
0.102. Standardized response  
mean 0.43. 

Cosmin methodological quality 
score: Poor

na

Schramm et 
al. 2012[17]

983

70.0% severe

4.3%-32.4% 
prophylaxis

na inhibitors

total: mean 
17.5±16.8, 
range 0-98

Discriminative validity: 

Severe haemophilia: mean 21.6±17.2, range 0-98, 
moderate/mild: mean 7.5±10.3, range 0-45.0. 

>5 IU per capita: median 8, mean 13.9±14.8

2-5 IU per capita: median 13, mean 17.2±15.7

<2IU per capita: median 21, mean 24.5±19.6. 

Regression: prophylaxis: 0.54, severe 4.32, prophylaxis 
in severe: -1.30, age 66-100yr 9.43, age 31-65yr 8.12, 
ref age 17-30 yr, >5IU per capita: -3.96, <2IU per capita: 
10.36, ref 2-5IU per capita. 

+ na na na na

Stieltjes et 
al. 2009[28]

(PE and pain 
score)

50

100% severe

18% prophylaxis

100% inhibitors

mean 19.5 ± 
10.9, median 
18.5, range 
0-48

Discriminative validity: 

Age<35y: mean 14.5±9.6, median 13.0, range 0-48 vs 

age >35y: mean 24.9±9.8, median 25.0, range 6-40, 
p<0.001.

+ na na na na

Tagliaferri et 
al. 2015[93]

(PE and pain 
score)

53

100% severe

51% prophylaxis

na inhibitors

na Discriminative validity: WFH scores were higher in older 
patients compared to younger ones, and in patients 
treated on demand compared to prophylaxis, both at 
baseline and after follow up of 5.3 yr: 

Prophylaxis:

Age 12-25 yr baseline: mean 3.2±3.3, follow up: mean 
3.0±2.4.

Age 26-55 yr baseline mean 13.3±15.4, follow up: mean 
10.1±12.5.

On demand: 

Age 12-25 yr baseline: mean 5.4±3.0, follow up: mean 
8.8±4.4.

Age 26-55 yr baseline: mean 17.1±10.3, follow up: mean 
21.5±12.8, 

Between treatment groups: p 0.0019.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Van den 
Berg et al. 
2001[96]

(PE and pain 
score)

75

100% severe

93% prophylaxis

0% inhibitors

na Discriminative validity: 

Group born 1974-1979, start prophylaxis after 5-10 joint 
bleeds (mean age start prophylaxis 4.6yr± 0.7): mean 2.0±0.6.

Group born 1980-1985, start prophylaxis after 2-5 joint bleeds 
(mean age start prophylaxis 4.0yr±0.5): mean 0.9±0.4

Group born 1986-1990, start prophylaxis after 1-2 joint bleeds 
(mean age start prophylaxis 3.9yr±0.3): mean 0.2±0.2.

E na na na na

Vyas et al. 
2014[98]

178

59% severe

37% prophylaxis

0% inhibitors

na Discriminative validity: 

No statistically significant differences between 
haemophilia A and B, or by severity: severe vs moderate 
haemophilia A p 0.70, moderate vs mild haemophilia A p 
0.14. WFH scores divided by max score of 86.

Severe haemophilia A: mean 0.11 (range 0-0.57) 

Severe haemophilia B: mean 0.12 (range 0-0.58) 

Moderate haemophilia A: mean 0.08 (range 0-0.3)

Moderate haemophilia B: mean 0.11 (range 0-0.43) 

Mild haemophilia A: mean 0.03 (range 0-0.15) 

Mild haemophilia B: mean 0 (range 0-0)

- na na na na

CPE
Children
Feldman et 
al. 2006[32]

25

100% severe 
(<2%)

100% prophylaxis 

4% inhibitors

median 3 
(range 0-11)

Discriminative validity: Total cohort: Median total joint 
score 3, range 0-11. Median Petterson score 0.5 (range 0-3)

E na na na na

Kraft et al. 
2012[30]

24

100% severe 
(<2%)

100% prophylaxis

4% inhibitors

Overall 
median 0 
(range 0-10)

Correlations: With progressive/additive MRI score: 

For elbows: soft tissue scores Spearman’s r=0.60/0.75, 
p=0.001; osteochondral scores Spearman’s r=0.58/0.58, 
p<0.0001. 

For ankles: soft tissue Spearman’s r=0.28/0.28, p 0.05; 
osteochondral scores not reported. 

Discriminative validity: CPE scores were overall very low: 
for life time number of joint bleeds of 0: median score 0 
(range 0-9), for >=1 joint bleed: median 1 (range 0-10).

+

- 

-

na na na na

Manco-
Johnson et 
al. 2002[16]

Half-Point 
scale 
(Colorado 
PE-0.5)

48

na severe

36% prophylaxis

20% inhibitors

mean 8.9,  
SD 3.4

na na na na Mean decrease in score of -1.2,  
SD 2.7 after radiosynoviorthesis  
(p 0.02). Before mean 8.7, SD 3.4 
and 6 months after mean 7.4,  
SD 3.8, 

+
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Van den 
Berg et al. 
2001[96]

(PE and pain 
score)

75

100% severe

93% prophylaxis

0% inhibitors

na Discriminative validity: 

Group born 1974-1979, start prophylaxis after 5-10 joint 
bleeds (mean age start prophylaxis 4.6yr± 0.7): mean 2.0±0.6.

Group born 1980-1985, start prophylaxis after 2-5 joint bleeds 
(mean age start prophylaxis 4.0yr±0.5): mean 0.9±0.4

Group born 1986-1990, start prophylaxis after 1-2 joint bleeds 
(mean age start prophylaxis 3.9yr±0.3): mean 0.2±0.2.

E na na na na

Vyas et al. 
2014[98]

178

59% severe

37% prophylaxis

0% inhibitors

na Discriminative validity: 

No statistically significant differences between 
haemophilia A and B, or by severity: severe vs moderate 
haemophilia A p 0.70, moderate vs mild haemophilia A p 
0.14. WFH scores divided by max score of 86.

Severe haemophilia A: mean 0.11 (range 0-0.57) 

Severe haemophilia B: mean 0.12 (range 0-0.58) 

Moderate haemophilia A: mean 0.08 (range 0-0.3)

Moderate haemophilia B: mean 0.11 (range 0-0.43) 

Mild haemophilia A: mean 0.03 (range 0-0.15) 

Mild haemophilia B: mean 0 (range 0-0)

- na na na na

CPE
Children
Feldman et 
al. 2006[32]

25

100% severe 
(<2%)

100% prophylaxis 

4% inhibitors

median 3 
(range 0-11)

Discriminative validity: Total cohort: Median total joint 
score 3, range 0-11. Median Petterson score 0.5 (range 0-3)

E na na na na

Kraft et al. 
2012[30]

24

100% severe 
(<2%)

100% prophylaxis

4% inhibitors

Overall 
median 0 
(range 0-10)

Correlations: With progressive/additive MRI score: 

For elbows: soft tissue scores Spearman’s r=0.60/0.75, 
p=0.001; osteochondral scores Spearman’s r=0.58/0.58, 
p<0.0001. 

For ankles: soft tissue Spearman’s r=0.28/0.28, p 0.05; 
osteochondral scores not reported. 

Discriminative validity: CPE scores were overall very low: 
for life time number of joint bleeds of 0: median score 0 
(range 0-9), for >=1 joint bleed: median 1 (range 0-10).

+

- 

-

na na na na

Manco-
Johnson et 
al. 2002[16]

Half-Point 
scale 
(Colorado 
PE-0.5)

48

na severe

36% prophylaxis

20% inhibitors

mean 8.9,  
SD 3.4

na na na na Mean decrease in score of -1.2,  
SD 2.7 after radiosynoviorthesis  
(p 0.02). Before mean 8.7, SD 3.4 
and 6 months after mean 7.4,  
SD 3.8, 

+
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Manco-
Johnson et 
al. 2007[31]

65

100% severe 
(<2%)

49% prophylaxis

0% inhibitors

na Correlations: Weak correlation with MRI score Spearman’s 
r 0.26, P<0.001. 

Discriminative validity: No statistically significant 
differences between prophylaxis and enhanced episodic 
treatment groups were found. From figure 3: Mean CPE 
score: at 6 yr in prophylaxis group: 6.5. SE 2, in enhanced 
episodic treatment group: 12, SE 3 (from graph).

- 
 
+

na na na na

Adults
Parhampour 
et al. 
2014[33] 
(modified 
version)

48

100% severe

100% prophylaxis

0% inhibitors

na Na na na na Scores for elbows, knees, ankles 
significantly improved after a 6-week 
randomized intervention: 

Improvement was larger in resistance 
only (for knees, ankles, and elbows 
mean ± SEM: 9.2 ± 1.38, 5.1 ± 0.5, 
3.2 ± 0.8) and combined resistance 
and electromagnetic field therapy 
group (for knees, ankles, and elbows 
mean ± SEM: 7.7 ± 1.0, 3.3 ± 0.6,2.5 
± 0.7) compared to electromagnetic 
field only group (mean ± SEM: 3.4 ± 
0.5, 0.9 ± 0.2, and 0.6 ± 0.2 score, 
respectively) and control (mean ± 
SEM: 0.6 ± 0.4, and 0.0 ± 0.0, and 
0.0 ± 0.0 score).

+

Children & Adults
Manco-
Johnson et 
al. 2000[9]

(Colorado 
PE-1, 
PE-0.5, 
Child PE)

43 patients

na severe

7% prophylaxis 

9% inhibitors

CPE-1: mean 
9.86±4.52, 
range 2-22.0.

CPE-0.5: mean 
8.95±3.54, 
range 2-18.5.

Child CPE: 
mean 
9.91±3.82, 
range 2-20.0. 

Correlations: 

CPE-1: Correlation with WFH pain scale: Spearman’s r 
0.48, P < 0.01, with Child CPE r 0.97, P<0.05. 

CPE-0.5: with WFH pain 0.49, P<0.01, with Child CPE 
0.97, P<0.05. 

Child CPE: with WFH score: r 0.63, P<0.05, with WFH Pain 
scale: 0.53, P<0.01.

- 

+

na na na na

Petrini score
Children
Pergantou 
et al. 
2006[36]

40 patients 

165 joints

68% severe

78% prophylaxis 
of severe pt

8% inhibitors

Median 0 
(range 0-22)

Correlations: with Petterson score Pearson’s r 0.593, and 
with MRI Denver scale Pearson’s r 0.482, Correlation with 
total N of hemorrhages Pearson’s r 0.478, with mean N 
hemorrhages per year Pearson’s r 0.430.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Manco-
Johnson et 
al. 2007[31]

65

100% severe 
(<2%)

49% prophylaxis

0% inhibitors

na Correlations: Weak correlation with MRI score Spearman’s 
r 0.26, P<0.001. 

Discriminative validity: No statistically significant 
differences between prophylaxis and enhanced episodic 
treatment groups were found. From figure 3: Mean CPE 
score: at 6 yr in prophylaxis group: 6.5. SE 2, in enhanced 
episodic treatment group: 12, SE 3 (from graph).

- 
 
+

na na na na

Adults
Parhampour 
et al. 
2014[33] 
(modified 
version)

48

100% severe

100% prophylaxis

0% inhibitors

na Na na na na Scores for elbows, knees, ankles 
significantly improved after a 6-week 
randomized intervention: 

Improvement was larger in resistance 
only (for knees, ankles, and elbows 
mean ± SEM: 9.2 ± 1.38, 5.1 ± 0.5, 
3.2 ± 0.8) and combined resistance 
and electromagnetic field therapy 
group (for knees, ankles, and elbows 
mean ± SEM: 7.7 ± 1.0, 3.3 ± 0.6,2.5 
± 0.7) compared to electromagnetic 
field only group (mean ± SEM: 3.4 ± 
0.5, 0.9 ± 0.2, and 0.6 ± 0.2 score, 
respectively) and control (mean ± 
SEM: 0.6 ± 0.4, and 0.0 ± 0.0, and 
0.0 ± 0.0 score).

+

Children & Adults
Manco-
Johnson et 
al. 2000[9]

(Colorado 
PE-1, 
PE-0.5, 
Child PE)

43 patients

na severe

7% prophylaxis 

9% inhibitors

CPE-1: mean 
9.86±4.52, 
range 2-22.0.

CPE-0.5: mean 
8.95±3.54, 
range 2-18.5.

Child CPE: 
mean 
9.91±3.82, 
range 2-20.0. 

Correlations: 

CPE-1: Correlation with WFH pain scale: Spearman’s r 
0.48, P < 0.01, with Child CPE r 0.97, P<0.05. 

CPE-0.5: with WFH pain 0.49, P<0.01, with Child CPE 
0.97, P<0.05. 

Child CPE: with WFH score: r 0.63, P<0.05, with WFH Pain 
scale: 0.53, P<0.01.

- 

+

na na na na

Petrini score
Children
Pergantou 
et al. 
2006[36]

40 patients 

165 joints

68% severe

78% prophylaxis 
of severe pt

8% inhibitors

Median 0 
(range 0-22)

Correlations: with Petterson score Pearson’s r 0.593, and 
with MRI Denver scale Pearson’s r 0.482, Correlation with 
total N of hemorrhages Pearson’s r 0.478, with mean N 
hemorrhages per year Pearson’s r 0.430.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Pergantou 
et al. 
2010[37]

24 patients

85 joints

75% severe

67% prophylaxis

13% inhibitors

na Correlations: At baseline: correlation with Petterson 
score Pearson’s r 0.345, with MRI Denver scale Pearson’s 
r 0.235. At evaluation: with Petterson score Pearson’s r 
0.387, with MRI Denver scale Pearson’s r 0.194. 

E na na Baseline mean score 2.0±3.6. At 
follow up 3.8±1.4yr later after 
prophylaxis start in 4 patients and 
prophylaxis intensification in 11 
patients, mean 1.5 ±3.1, P 0.069.

na

Schramm et 
al. 2012[17]

417

66% severe

23.9-69.9% 
prophylaxis

na inhibitors 

mean 
4.3±9.7, 
range 
0.0-75.0

Discriminative validity: 

Severe: mean 5.5±10.7 (range 0.0-75.0) vs. moderate/
mild: mean 1.8±6.9 (range 0.0-69.0). 

Group > 5 IU per capita: median 0, mean 1.2±3.9 vs. 

group 2-5 IU per capita: median 0, mean 2.6±5.2 vs. 

group <2 IU per capita: median 7, mean 12.1±15.7. 

Regression analysis: prophylaxis -0.88, severe haemophilia 
2.87, prophylaxis in severe -0.72, 4-7yr -3.57, 8-12 yr 
-1.09, reference 13-16yr, >5IU -1.40, <2IU 10.55. 

+ na na na na

Children & Adults
Rampal et 
al. 2010[35]

21 patients 

23 synovectomies

100% severe

100% prophylaxis

9% inhibitors

Median pre 
operative 
score 13 
[8-22]

Correlations: No correlation between Petrini score and 
Petterson score pre-surgical synovectomy, Spearman’s 
r 0.08, p 0.77. Correlation with age, Spearman’s r 0.66, 
p<0.001.

- na na Pre-surgical synovectomy the score 
was 13 (8-22), (not stated whether 
this is median or mean, IQR or 
range). From figure 1: pre surgery: 
mean 14 (9-18), 1 yr post surgery 
mean 2.5 (0-5.5). Petrini score 
improved at 1 and 5 yr after 
surgical synovectomy of the knee. 

+

HJHS
Children
Altisent et 
al. 2015[40]

23 patients

136 joints

100% severe

100% prophylaxis

0% inhibitors

median 0 (IQR 
0-3), mean 
1.8, range 
0-13

Correlations: 

With age: Spearman’s r = 0.56, p 0.006

With weight: Spearman’s r = 0.61, p 0.002

With age at start prophylaxis: Spearman’s r=0.63, p 0.001

No correlation with number of joint bleeds in past 5 yrs 
nor with HEAD-US scores (correlation coefficients  
not reported). 

Discriminative validity: 21 patients with available 
HEAD-US data: 

86 of 98 (88%) joints with a normal HEAD-US & normal 
HJHS score 

 5 of 26 (19%) joints with abnormal HEAD-US & abnormal 
HJHS score 

12 of 98 (12%) joints with normal HEAD-US & abnormal 
HJHS score 

21 of 26 (81%) joints with abnormal HEAD-US & normal 
HJHS score

?

 
 
 
-

na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Pergantou 
et al. 
2010[37]

24 patients

85 joints

75% severe

67% prophylaxis

13% inhibitors

na Correlations: At baseline: correlation with Petterson 
score Pearson’s r 0.345, with MRI Denver scale Pearson’s 
r 0.235. At evaluation: with Petterson score Pearson’s r 
0.387, with MRI Denver scale Pearson’s r 0.194. 

E na na Baseline mean score 2.0±3.6. At 
follow up 3.8±1.4yr later after 
prophylaxis start in 4 patients and 
prophylaxis intensification in 11 
patients, mean 1.5 ±3.1, P 0.069.

na

Schramm et 
al. 2012[17]

417

66% severe

23.9-69.9% 
prophylaxis

na inhibitors 

mean 
4.3±9.7, 
range 
0.0-75.0

Discriminative validity: 

Severe: mean 5.5±10.7 (range 0.0-75.0) vs. moderate/
mild: mean 1.8±6.9 (range 0.0-69.0). 

Group > 5 IU per capita: median 0, mean 1.2±3.9 vs. 

group 2-5 IU per capita: median 0, mean 2.6±5.2 vs. 

group <2 IU per capita: median 7, mean 12.1±15.7. 

Regression analysis: prophylaxis -0.88, severe haemophilia 
2.87, prophylaxis in severe -0.72, 4-7yr -3.57, 8-12 yr 
-1.09, reference 13-16yr, >5IU -1.40, <2IU 10.55. 

+ na na na na

Children & Adults
Rampal et 
al. 2010[35]

21 patients 

23 synovectomies

100% severe

100% prophylaxis

9% inhibitors

Median pre 
operative 
score 13 
[8-22]

Correlations: No correlation between Petrini score and 
Petterson score pre-surgical synovectomy, Spearman’s 
r 0.08, p 0.77. Correlation with age, Spearman’s r 0.66, 
p<0.001.

- na na Pre-surgical synovectomy the score 
was 13 (8-22), (not stated whether 
this is median or mean, IQR or 
range). From figure 1: pre surgery: 
mean 14 (9-18), 1 yr post surgery 
mean 2.5 (0-5.5). Petrini score 
improved at 1 and 5 yr after 
surgical synovectomy of the knee. 

+

HJHS
Children
Altisent et 
al. 2015[40]

23 patients

136 joints

100% severe

100% prophylaxis

0% inhibitors

median 0 (IQR 
0-3), mean 
1.8, range 
0-13

Correlations: 

With age: Spearman’s r = 0.56, p 0.006

With weight: Spearman’s r = 0.61, p 0.002

With age at start prophylaxis: Spearman’s r=0.63, p 0.001

No correlation with number of joint bleeds in past 5 yrs 
nor with HEAD-US scores (correlation coefficients  
not reported). 

Discriminative validity: 21 patients with available 
HEAD-US data: 

86 of 98 (88%) joints with a normal HEAD-US & normal 
HJHS score 

 5 of 26 (19%) joints with abnormal HEAD-US & abnormal 
HJHS score 

12 of 98 (12%) joints with normal HEAD-US & abnormal 
HJHS score 

21 of 26 (81%) joints with abnormal HEAD-US & normal 
HJHS score

?

 
 
 
-

na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Bladen et 
al. 2013[20] 
(version 1.0 
without axial 
alignment/
joint pain/
gait/
instability 
and 2.1)

83

100% severe

77% prophylaxis

23% inhibitors

median 0 
(range 0-25), 
mean 2.6 
(95%CI 0-2)

Discriminative validity: 

In non-high titre inhibitor patients: median 0 (range 0-25) 
vs. high titre inhibitor patients: median 3 (range 0-18). 

Early prophylaxis: median 0 (range 0-6) vs. late 
prophylaxis (>2yr): median 3 (range 0-25) (non-high titre 
patients). 

Not tolerized patients: median 5 (range 0-18) vs. tolerized 
patients: median 1 (range 0-4) (high titre patients). 

Age: 

Among non-high titre inhibitor patients: 

Age 4-9yr: median 0 (range 0-4) vs. 10-18yr: median 2 
(range 0-25)

 Among high titre inhibitor patients: 

Age 4-9yr: median 0 (range 0-2), age 10-18yr: median 4 
(range 1-18).

For non-high titre inhibitor group: Univariable Poisson 
regression model (0 score or above): beta coefficients 
for age 1.07 (CI 1.01-1.14), bleeds 1.02 (CI 0.95-1.10), 
late prophylaxis 1.96 (CI 1.28-3.0). Logistic regression 
model (dichotomous score 0 or not): beta coefficients for 
age: 0.72 (CI 0.60-0.85), bleeds 0.73 (CI 0.48-1.09), late 
prophylaxis 0.25 (CI 0.08-0.73). 

For high-titre inhibitor group: univariable Poisson model 
(for average HJHS score): age 1.24 (CI 1.16-1.34), bleeds 
1.51 (CI 1.21-1.88), tolerized 0.26 (CI 0.14-0.45). All 
regression coefficients except for bleeds p<0.05.

+

na na na na

Christoforidis 
et al. 
2010[106]
(version 1.0)

27

63% severe

na prophylaxis

na inhibitors

na Correlations: with tibia bone quality as measured by 
quantitative ultrasound was significant, but negative 
Pearson’s r -0.455, p 0.034. No correlation with radius 
quantitative US Pearson’s r -0.005. Weak correlation with 
bone mass density as measured with DEXA of lumbar 
spine Pearson’s r 0.176 (not statistically significant).

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Bladen et 
al. 2013[20] 
(version 1.0 
without axial 
alignment/
joint pain/
gait/
instability 
and 2.1)

83

100% severe

77% prophylaxis

23% inhibitors

median 0 
(range 0-25), 
mean 2.6 
(95%CI 0-2)

Discriminative validity: 

In non-high titre inhibitor patients: median 0 (range 0-25) 
vs. high titre inhibitor patients: median 3 (range 0-18). 

Early prophylaxis: median 0 (range 0-6) vs. late 
prophylaxis (>2yr): median 3 (range 0-25) (non-high titre 
patients). 

Not tolerized patients: median 5 (range 0-18) vs. tolerized 
patients: median 1 (range 0-4) (high titre patients). 

Age: 

Among non-high titre inhibitor patients: 

Age 4-9yr: median 0 (range 0-4) vs. 10-18yr: median 2 
(range 0-25)

 Among high titre inhibitor patients: 

Age 4-9yr: median 0 (range 0-2), age 10-18yr: median 4 
(range 1-18).

For non-high titre inhibitor group: Univariable Poisson 
regression model (0 score or above): beta coefficients 
for age 1.07 (CI 1.01-1.14), bleeds 1.02 (CI 0.95-1.10), 
late prophylaxis 1.96 (CI 1.28-3.0). Logistic regression 
model (dichotomous score 0 or not): beta coefficients for 
age: 0.72 (CI 0.60-0.85), bleeds 0.73 (CI 0.48-1.09), late 
prophylaxis 0.25 (CI 0.08-0.73). 

For high-titre inhibitor group: univariable Poisson model 
(for average HJHS score): age 1.24 (CI 1.16-1.34), bleeds 
1.51 (CI 1.21-1.88), tolerized 0.26 (CI 0.14-0.45). All 
regression coefficients except for bleeds p<0.05.

+

na na na na

Christoforidis 
et al. 
2010[106]
(version 1.0)

27

63% severe

na prophylaxis

na inhibitors

na Correlations: with tibia bone quality as measured by 
quantitative ultrasound was significant, but negative 
Pearson’s r -0.455, p 0.034. No correlation with radius 
quantitative US Pearson’s r -0.005. Weak correlation with 
bone mass density as measured with DEXA of lumbar 
spine Pearson’s r 0.176 (not statistically significant).

? na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Feldman et 
al. 2011[18] 
(version 1.0)

226

58% severe

67% prophylaxis

16% inhibitors

na Structural validity: 4 factor exploratory factor analysis 
explained 52% of variance, and was sufficient to explain 
the data (test of fit [24df]=31.9, p 0.13). Three items had 
a high or very high uniqueness coefficient: axial alignment 
=0.99, instability = 0.71, joint pain = 0.60. 

Correlations: Moderate correlation with a global physician 
joint health scale: Spearman’s r 0.42, overall arthropathy 
impact: Spearman’s r 0.42, number of haemarthroses 
Spearman’s r 0.50. No correlation with Modified CHAQ: 
Spearman’s r -0.02. 

Discriminative validity: Severe group: median 6 (IQR 11), 
moderate: 4 (IQR 8), mild: 3 (IQR 8), p 0.003. 97% more 
efficient at differentiating subjects by severity level than 
the WFH score, p 0.06.  
In only severe patients: HJHS is 63% more efficient at 
differentiating patients with primary prophylaxis (median 
5.0) from secondary prophylaxis (median 9.0) and on 
demand (median11.5, p 0.00006) than WFH score 
(primary prophylaxis median 6.0, secondary prophylaxis 
median 7.0, on demand median 7.0, p 0.003)

+

 
 
 
 
-

 
 
 
 
+

Internal consistency: Crohnbach’s alpha 
overall a=0.83. Without axial alignment, 
instability, pain a=0.84

+ na na

Foppen et 
al. 2016[39] 
(version 2.1)

32 patients

63 joints

94% severe

100% prophylaxis

0% current 
inhibitors

0 (IQR 0-0, 
range 0-2)

Correlations: Strong correlation with HEAD US: 
Spearman’s r 0.70, p<0.01. 

Discriminative validity: 

HJHS was positive in 4 of 5 (80.0%, CI 28.4-99.5%) 
joints with HEAD-US abnormalities. Ultrasound showed 
abnormalities in 4 of 7 (57.1%, CI 18.4-90.1%) joints 
with positive HJHS. In 4 of 63 (6%) joints there were 
discrepancies between US and HJHS. 

+ na na na na

Groen et al. 
2011[110] 
(version 1.0)

226

68% severe

67% prophylaxis

24% inhibitors

HJHS: median 
5 (IQR 1-12, 
range 0-43)

Correlations: with number of joint bleeds: Spearman’s 
r 0.51, with age: no correlation. HJHS ankles and age: 
Spearman’s r 0.13. Total HJHS with CHAQ38, modified 
with haemophilia items: Spearman’s r -0.19, ankles only: 
with CHAQ38: Spearman’s r -0.23. No association in 
elbows/knees.

? na na na na

Groen et 
al. 2011[43]
(version 1.0)

47

44% severe

53% prophylaxis

0% inhibitors

median 0 
(range 0-6)

Correlations: with HJHS vs physical activity (total hr activity per 
week in past yr TOT-h per week, relative intensity expressed as 
metabolic equivalent transformation per week MET-h per week, 
vigorous activities hours per week VIG-h/week) Low correlation 
coefficients between -0.27 and 0.28, NS.

Discriminative validity: Non severe patients N 26: median 0 
(range 0-4) vs severe patients N 21: median 0 (range 0-6), NS

?

 
 
 
 
-

na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Feldman et 
al. 2011[18] 
(version 1.0)

226

58% severe

67% prophylaxis

16% inhibitors

na Structural validity: 4 factor exploratory factor analysis 
explained 52% of variance, and was sufficient to explain 
the data (test of fit [24df]=31.9, p 0.13). Three items had 
a high or very high uniqueness coefficient: axial alignment 
=0.99, instability = 0.71, joint pain = 0.60. 

Correlations: Moderate correlation with a global physician 
joint health scale: Spearman’s r 0.42, overall arthropathy 
impact: Spearman’s r 0.42, number of haemarthroses 
Spearman’s r 0.50. No correlation with Modified CHAQ: 
Spearman’s r -0.02. 

Discriminative validity: Severe group: median 6 (IQR 11), 
moderate: 4 (IQR 8), mild: 3 (IQR 8), p 0.003. 97% more 
efficient at differentiating subjects by severity level than 
the WFH score, p 0.06.  
In only severe patients: HJHS is 63% more efficient at 
differentiating patients with primary prophylaxis (median 
5.0) from secondary prophylaxis (median 9.0) and on 
demand (median11.5, p 0.00006) than WFH score 
(primary prophylaxis median 6.0, secondary prophylaxis 
median 7.0, on demand median 7.0, p 0.003)

+

 
 
 
 
-

 
 
 
 
+

Internal consistency: Crohnbach’s alpha 
overall a=0.83. Without axial alignment, 
instability, pain a=0.84

+ na na

Foppen et 
al. 2016[39] 
(version 2.1)

32 patients

63 joints

94% severe

100% prophylaxis

0% current 
inhibitors

0 (IQR 0-0, 
range 0-2)

Correlations: Strong correlation with HEAD US: 
Spearman’s r 0.70, p<0.01. 

Discriminative validity: 

HJHS was positive in 4 of 5 (80.0%, CI 28.4-99.5%) 
joints with HEAD-US abnormalities. Ultrasound showed 
abnormalities in 4 of 7 (57.1%, CI 18.4-90.1%) joints 
with positive HJHS. In 4 of 63 (6%) joints there were 
discrepancies between US and HJHS. 

+ na na na na

Groen et al. 
2011[110] 
(version 1.0)

226

68% severe

67% prophylaxis

24% inhibitors

HJHS: median 
5 (IQR 1-12, 
range 0-43)

Correlations: with number of joint bleeds: Spearman’s 
r 0.51, with age: no correlation. HJHS ankles and age: 
Spearman’s r 0.13. Total HJHS with CHAQ38, modified 
with haemophilia items: Spearman’s r -0.19, ankles only: 
with CHAQ38: Spearman’s r -0.23. No association in 
elbows/knees.

? na na na na

Groen et 
al. 2011[43]
(version 1.0)

47

44% severe

53% prophylaxis

0% inhibitors

median 0 
(range 0-6)

Correlations: with HJHS vs physical activity (total hr activity per 
week in past yr TOT-h per week, relative intensity expressed as 
metabolic equivalent transformation per week MET-h per week, 
vigorous activities hours per week VIG-h/week) Low correlation 
coefficients between -0.27 and 0.28, NS.

Discriminative validity: Non severe patients N 26: median 0 
(range 0-4) vs severe patients N 21: median 0 (range 0-6), NS

?

 
 
 
 
-

na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Groen et 
al. 2013[52] 
(version 2.0)

29

86% severe

0% prophylaxis

na inhibitors

Median: 11.0 
(IQR 4.0-23.0)

Correlations: with PedHAL r=-0.59. Unclear  
Pearson/Spearman’s r. 

? na na 2-week rehabilitation: n=19: 
median prior to intervention 11.0 
(IQR 3.0-19.0), post intervention 
6.0 (IQR 2.0-11.0), p<0.01. Mean 
change -3.3, SD 3.6. SRM -0.9. 

Cosmin Methodological Quality 
score: Poor

na

Oymak et 
al. 2015[24] 
(version 1.0)

38 patients

236 joints 

68% severe

58% prophylaxis

na inhibitors

median 0 (IQR 
0-1)

Correlations: Spearman’s r with Petterson: r 0.284, p 
0.001, with Arnold Hilgartner r 0.238, p 0.001, with FISH r 
-0.760, p 0.010, with MRI additive score r 0.444, p 0.001. 
with MRI progressive score r 0.440, p 0.001, with number 
of painful joints r 0.628, P 0.001. 

Discriminative validity: median HJHS was higher in 
patients receiving secondary prophylaxis 4 (range 0-27) as 
compared to on demand 0 (IQR 0-7), p 0.002.

-

 
 
 
 
+

na na na na

Payal et al. 
2015[44] 
(version 2.1)

42

50% severe

0% prophylaxis

na inhibitors

mean 
6.78±9.04

Correlations: No correlation FVIII/FIX factor level, 
Spearman’s r 0.07, p 0.64. Statistically significant 
correlation with age Spearman’s r 0.54, p<0.0001. 

Discriminative validity: Mean HJHS score in severe 
haemophilia 7.61±9.34, moderate haemophilia 5.69±9.96, 
mild haemophilia 6.37±7.38, p>0.05. 

?

 
 
-

na na na na

Radzevic et 
al. 2013[113] 
(version 2.1)

24

88% severe

88% prophylaxis

na inhibitors

Mean 
18.46±7.28, 
range 2-32

Correlations: 

With PedHAL: Pearson’s r=-0.962, p< 0.0001. With 6MWT 
R=-0.938, p< 0.001. 

? na na na na

Saulyte 
Trakymiene 
et al. 
2010[41] 
(version 2.0) 

20

100% severe

0% prophylaxis

0% inhibitors

Mean HJHS 
24.5 (SD 14.5, 
range 5-50). 
Median 23.5

Discriminative validity: 

Age group 4-9yr: mean 11.6 (SD 6.5, range 5-22) vs. 
10-17 yr: mean 31.5 (SD 12.8, range 7-50), difference 19.9 
(CI 10.8 -29), p 0.0002. 

No statistically significant difference according to home 
treatment (text).

+  na na na na

Saulyte 
Trakymiene 
et al. 
2013[42] 
(version 2.0)

32

100% severe

50% prophylaxis

0% inhibitors

Overall: on 
demand: 
27.4, SD 14.5 
vs prophy: 
3.3, SD 2.3

Discriminative validity: 

Overall: on demand: mean 27.4, SD 14.5 vs prophylaxis: 
mean 3.3, SD 2.3, difference 24.1 (CI 16.7-31.6), p<0.001.

For age group 4-9yr: on demand: mean 12.5, SD 6.5 vs 
prophylaxis mean 2.2, SD 1.5, difference 10.2  
(CI 4.0-16.3), p 0.0002.

For age group 10-17 yr: on demand: mean 36.3, SD 9.4 vs 
prophylaxis mean 3.9, SD 2.5, difference 32.5  
(CI 25.4-40.0), p < 0.0001.

Within on demand group: mean difference between 2 age 
groups 23.8 (CI 15.2-32.4), p< 0.0001, within prophylaxis 
group: mean difference between 2 age groups 1.7  
(CI -0.4-3.9), p NS.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Groen et 
al. 2013[52] 
(version 2.0)

29

86% severe

0% prophylaxis

na inhibitors

Median: 11.0 
(IQR 4.0-23.0)

Correlations: with PedHAL r=-0.59. Unclear  
Pearson/Spearman’s r. 

? na na 2-week rehabilitation: n=19: 
median prior to intervention 11.0 
(IQR 3.0-19.0), post intervention 
6.0 (IQR 2.0-11.0), p<0.01. Mean 
change -3.3, SD 3.6. SRM -0.9. 

Cosmin Methodological Quality 
score: Poor

na

Oymak et 
al. 2015[24] 
(version 1.0)

38 patients

236 joints 

68% severe

58% prophylaxis

na inhibitors

median 0 (IQR 
0-1)

Correlations: Spearman’s r with Petterson: r 0.284, p 
0.001, with Arnold Hilgartner r 0.238, p 0.001, with FISH r 
-0.760, p 0.010, with MRI additive score r 0.444, p 0.001. 
with MRI progressive score r 0.440, p 0.001, with number 
of painful joints r 0.628, P 0.001. 

Discriminative validity: median HJHS was higher in 
patients receiving secondary prophylaxis 4 (range 0-27) as 
compared to on demand 0 (IQR 0-7), p 0.002.

-

 
 
 
 
+

na na na na

Payal et al. 
2015[44] 
(version 2.1)

42

50% severe

0% prophylaxis

na inhibitors

mean 
6.78±9.04

Correlations: No correlation FVIII/FIX factor level, 
Spearman’s r 0.07, p 0.64. Statistically significant 
correlation with age Spearman’s r 0.54, p<0.0001. 

Discriminative validity: Mean HJHS score in severe 
haemophilia 7.61±9.34, moderate haemophilia 5.69±9.96, 
mild haemophilia 6.37±7.38, p>0.05. 

?

 
 
-

na na na na

Radzevic et 
al. 2013[113] 
(version 2.1)

24

88% severe

88% prophylaxis

na inhibitors

Mean 
18.46±7.28, 
range 2-32

Correlations: 

With PedHAL: Pearson’s r=-0.962, p< 0.0001. With 6MWT 
R=-0.938, p< 0.001. 

? na na na na

Saulyte 
Trakymiene 
et al. 
2010[41] 
(version 2.0) 

20

100% severe

0% prophylaxis

0% inhibitors

Mean HJHS 
24.5 (SD 14.5, 
range 5-50). 
Median 23.5

Discriminative validity: 

Age group 4-9yr: mean 11.6 (SD 6.5, range 5-22) vs. 
10-17 yr: mean 31.5 (SD 12.8, range 7-50), difference 19.9 
(CI 10.8 -29), p 0.0002. 

No statistically significant difference according to home 
treatment (text).

+  na na na na

Saulyte 
Trakymiene 
et al. 
2013[42] 
(version 2.0)

32

100% severe

50% prophylaxis

0% inhibitors

Overall: on 
demand: 
27.4, SD 14.5 
vs prophy: 
3.3, SD 2.3

Discriminative validity: 

Overall: on demand: mean 27.4, SD 14.5 vs prophylaxis: 
mean 3.3, SD 2.3, difference 24.1 (CI 16.7-31.6), p<0.001.

For age group 4-9yr: on demand: mean 12.5, SD 6.5 vs 
prophylaxis mean 2.2, SD 1.5, difference 10.2  
(CI 4.0-16.3), p 0.0002.

For age group 10-17 yr: on demand: mean 36.3, SD 9.4 vs 
prophylaxis mean 3.9, SD 2.5, difference 32.5  
(CI 25.4-40.0), p < 0.0001.

Within on demand group: mean difference between 2 age 
groups 23.8 (CI 15.2-32.4), p< 0.0001, within prophylaxis 
group: mean difference between 2 age groups 1.7  
(CI -0.4-3.9), p NS.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Adults
Khawaji et 
al. 2011[111]
(version 1.0)

34

100% severe

100% prophylaxis

0% inhibitors

na Correlations: 

In early prophylaxis group: With total activity(h/wk): 
Spearman’s r 0.76, p 0.002, with BMI: Spearman’s r=0.71, 
p 0.006, with age: Spearman’s r 0.31, p 0.29, with age start 
prophylaxis Spearman’s r -0.22, p 0.47, with duration of 
prophylaxis Spearman’s r 0.35, p 0.24.

In late prophylaxis group: With total activity(h/wk): Spearman’s 
r 0.20, p 0.55, with BMI Spearman’s r 0.77, p 0.08, with 
age Spearman’s r 0.51, p 0.08, with age start prophylaxis: 
Spearman’s r 0.61, p 0.03, with duration prophylaxis 
Spearman’s r 0.03, p 0.92. 

Discriminative validity: Early prophylaxis <=3yr (N=20): mean 
5.21, range 0-19 vs late prophylaxis >3 yr (N=14): mean 
30.28, range 2-61, p< 0.001. Patients who started prophylaxis 
earlier, were younger (mean 27.1 yr,range 19-35yr) than those 
who started later (mean 44.1yr, range 33-56yr)

?

 
 
 
 
 
 
 
 
 
 
E

na na na na

Khawaji et 
al. 2012[45]

81

100% severe

100% prophylaxis

0% inhibitors

na Correlations: with bleeding frequency: in group start of 
prophylaxis ≤3yr: r=0.37, p 0.16 vs. >3yr: r=0.32, p = 0.04, 
with age: in ≤3yr: r=0.49, p 0.051 vs. >3yr: r=0.69, p <0.001, 
with age at start prophylaxis: in ≤3yr: r=0.47, p 0.07 vs. 
>3yr:r=0.60, p<0.001. Unclear Pearson/Spearman’s r. 

Discriminative validity: start of prophylaxis ≤3yr: median 3, 
range 0-19 vs. start of prophylaxis >3 yr: median 40, range 
0-64, p<0.001

?

 
 
 
 
+

na na na na

Kidder et al. 
2015[46]

30 patients

61 joints

71% severe

na prophylaxis

3% inhibitors

mean 22.2, 
SEM 3.6, IQR 
29, maximum 
124

Correlations: hsCRP, VWF act, ag were significantly 
positively correlated with both overall HJHS and total 
Petterson scores: Spearman’s r 0.38 to 0.56, all p<0.05 
(correlation coefficients not specified for HJHS only). 

Discriminative validity: Median HJHS in 20 joints with 
present synovitis on US was 17.5, IQR 33.0 and median 
HJHS in 10 joints without synovitis on US was 9.5, IQR 14.0.

?

 
 
 
+

na na na na

Nijdam et 
al. 2016[47] 
(version 2.1)

53 

100% severe

100% prophylaxis

0% inhibitors

na Discriminative validity: Patients who stopped and continued 
prophylaxis reported similar patient reported outcome 
parameters, but those who stopped had worse HJHS and 
Petterson scores compared to those who continued. 

Stopped prophylaxis: median HJHS 23(IQR 11-36),  
Petterson 16(4-20). 

Interrupted prophylaxis: median HJHS 35(IQR 26-40), 
Petterson 25(20-30). Continued prophylaxis: median HJHS 
14(IQR 6-20), Petterson 5(2-13).p<0.001 between stopped 
and continued prophylaxis. Interrupted prophylaxis only  
6 patients.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Adults
Khawaji et 
al. 2011[111]
(version 1.0)

34

100% severe

100% prophylaxis

0% inhibitors

na Correlations: 

In early prophylaxis group: With total activity(h/wk): 
Spearman’s r 0.76, p 0.002, with BMI: Spearman’s r=0.71, 
p 0.006, with age: Spearman’s r 0.31, p 0.29, with age start 
prophylaxis Spearman’s r -0.22, p 0.47, with duration of 
prophylaxis Spearman’s r 0.35, p 0.24.

In late prophylaxis group: With total activity(h/wk): Spearman’s 
r 0.20, p 0.55, with BMI Spearman’s r 0.77, p 0.08, with 
age Spearman’s r 0.51, p 0.08, with age start prophylaxis: 
Spearman’s r 0.61, p 0.03, with duration prophylaxis 
Spearman’s r 0.03, p 0.92. 

Discriminative validity: Early prophylaxis <=3yr (N=20): mean 
5.21, range 0-19 vs late prophylaxis >3 yr (N=14): mean 
30.28, range 2-61, p< 0.001. Patients who started prophylaxis 
earlier, were younger (mean 27.1 yr,range 19-35yr) than those 
who started later (mean 44.1yr, range 33-56yr)

?

 
 
 
 
 
 
 
 
 
 
E

na na na na

Khawaji et 
al. 2012[45]

81

100% severe

100% prophylaxis

0% inhibitors

na Correlations: with bleeding frequency: in group start of 
prophylaxis ≤3yr: r=0.37, p 0.16 vs. >3yr: r=0.32, p = 0.04, 
with age: in ≤3yr: r=0.49, p 0.051 vs. >3yr: r=0.69, p <0.001, 
with age at start prophylaxis: in ≤3yr: r=0.47, p 0.07 vs. 
>3yr:r=0.60, p<0.001. Unclear Pearson/Spearman’s r. 

Discriminative validity: start of prophylaxis ≤3yr: median 3, 
range 0-19 vs. start of prophylaxis >3 yr: median 40, range 
0-64, p<0.001

?

 
 
 
 
+

na na na na

Kidder et al. 
2015[46]

30 patients

61 joints

71% severe

na prophylaxis

3% inhibitors

mean 22.2, 
SEM 3.6, IQR 
29, maximum 
124

Correlations: hsCRP, VWF act, ag were significantly 
positively correlated with both overall HJHS and total 
Petterson scores: Spearman’s r 0.38 to 0.56, all p<0.05 
(correlation coefficients not specified for HJHS only). 

Discriminative validity: Median HJHS in 20 joints with 
present synovitis on US was 17.5, IQR 33.0 and median 
HJHS in 10 joints without synovitis on US was 9.5, IQR 14.0.

?

 
 
 
+

na na na na

Nijdam et 
al. 2016[47] 
(version 2.1)

53 

100% severe

100% prophylaxis

0% inhibitors

na Discriminative validity: Patients who stopped and continued 
prophylaxis reported similar patient reported outcome 
parameters, but those who stopped had worse HJHS and 
Petterson scores compared to those who continued. 

Stopped prophylaxis: median HJHS 23(IQR 11-36),  
Petterson 16(4-20). 

Interrupted prophylaxis: median HJHS 35(IQR 26-40), 
Petterson 25(20-30). Continued prophylaxis: median HJHS 
14(IQR 6-20), Petterson 5(2-13).p<0.001 between stopped 
and continued prophylaxis. Interrupted prophylaxis only  
6 patients.

+ na na na na
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Children & Adults
Den Uijl et 
al. 2011 [48]

26

62% severe

62% prophylaxis

na inhibitors

Median 0 (IQR 
0-1)

Correlations: with MRI Spearman’s r = 0.27, p 0.01. 

Discriminative validity: 

22% (18 of 83) of joints with prior bleeds had a positive 
HJHS vs. 39% (7 of 18) joints without prior bleed.

Among joints with abnormal additive IPSG MRI score 
(Lundin et al. Haemophilia 2005): 36% (15 of 42)  
positive HJHS.

-

-

  na na na

Den Uijl et 
al. 2013[107] 
(version 1.0)

120

67% severe

75% prophylaxis

0% inhibitors

na Discriminative validity: 

Severe: median 8 (IQR 3-15), moderate: median 2 (IQR 
0-6), p<0.001.

HJHS <10 points in 55% (CI 43-66%) of severe and 73% 
(CI 56-85%) of moderate haemophilia (p>0.05)

+ na na na na

Fischer et al. 
2013[109] 
(version 1.0 
(without 
global gait 
score: HJHS 
1.0 Short)

111

100% severe

98% prophylaxis

0% inhibitors

na Discriminative validity: 

Median HJHS score: Netherlands: median 9.0 (IQR 
2.0-18.0) vs Sweden 4.0 (2.0-6.8)

% patients with WFH score >10: Netherlands (2100 IU/
kg/y): 46% vs Sweden (4000IU/kg/y): 11%. 

+

na na na na

Fischer et 
al. 2013[21] 
(versions 
1.0, 1.0 
short, 2.1)

22 

12 for reliability

68% severe

73% prophylaxis

23% inhibitors

na Correlations: 

with VAS: Spearman’s r -0.33

with HAL Spearman’s r -0.40

with SF36: Spearman’s r -0.66

with Petterson: Spearman’s r 0.86.

E

Interrater ICC: N = 12. 

HJHS 1.0: ICC 0.84

HJHS 1.0 Short: ICC 0.84 HJHS 2.1: ICC 0.83

Measurement error: Limits of agreement: 
HJHS 1.0: ±7.9

HJHS 1.0 Short: ±7.2

HJHS 2.1: ±6.4 

Cosmin Methodological Quality score: 

Reliability: Poor

Measurement error: Poor

na na na

Fischer et 
al. 2016[49] 
(version 2.1)

87

100% severe

89% prophylaxis 

0% inhibitors

Median 6.0 
(range 0-33 
HJHS 2.1)

Correlations: Strong correlation with Petterson score 
Spearman’s r 0.67, p<0.01. Weak correlation with number 
of joint bleeds in past 5 yrs and HAL with Spearman’s r’s 
<0.40, non statistically significant. Moderate correlation 
with SF36 physical functioning Spearman’s r -0.59, p<0.01 
and SF36 Pain Spearman’s r -0.41, p<0.01.

+ na na na na

Na = not available, IQR= interquartile range, SD= standard deviation, ICC= intra-class coefficient, 
*Feldman et al. 2006[32] described an interim study analysis of the first 5 years of the study described by Kraft et al. 2012[30] 
and therefore is excluded from data analysis. *Study populations of the following reports by Fischer et al. and van den Berg 
et al. [64-67, 96] are (partly) overlapping, therefore, [66] and [96] are excluded. Study populations of [64, 65, 67] overlap 
partly, but provide additional or more detailed data and are included in the analysis. *Study population of Poonnoose et al. 
2005[88] overlaps with Poonnoose et al. 2007[89] and is excluded. *Data for hypothesis testing of Pergantou et al. 2010[37] 
overlaps with Pergantou et al. 2006[36] and is excluded from data analysis. *In the report by Fischer et al. 2013[21] the limits 
of agreement were calculated as the difference between score and mean score instead of difference between scores of 2 
observers. *The patient population of Groen et al. 2011[43] is included in Groen et al. 2011[110], but provides additional

data and is included in the analysis. *Den Uijl et al. 2011[48] is included in Den Uijl et al. 2013[107], but provides additional 
data and is therefore included in the analysis. *The patient population of Khawaji et al. 2011[111] overlaps with Khawaji et 
al. 2012[45], data on discriminative validity are excluded from data analysis. 
*The study by Saulyte Trakymiene et al. 2013[42] partly overlaps with Saulyte Trakymiene et al. 2010[41], but provides 
additional data and is therefore included in the analysis, except for the comparison of WFH scores between age groups 
in patients treated on demand. *Patient populations of [21, 39, 49, 109] partly overlap. Data on hypothesis testing from 
Fischer et al. 2013[21] were excluded. Other papers provide additional data and were therefore included in the analysis. 
*Patient population of Groen et al. 2011[43] was included in Groen et al. 2011[110] and was included in the analysis because 
it provided additional information on discriminative validity.
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Table 3. (continued)

Author

N 
% severe 
% prophylaxis 
% inhibitors

Distribution 
scores

Validity: Structural validity/Hypothesis testing: correlation 
with other constructs and discriminative validity (known 
group validity) Rating

Reliability (Reliability, measurement error, 
internal consistency) Rating Responsiveness (Score difference) Rating

Children & Adults
Den Uijl et 
al. 2011 [48]

26

62% severe

62% prophylaxis

na inhibitors

Median 0 (IQR 
0-1)

Correlations: with MRI Spearman’s r = 0.27, p 0.01. 

Discriminative validity: 

22% (18 of 83) of joints with prior bleeds had a positive 
HJHS vs. 39% (7 of 18) joints without prior bleed.

Among joints with abnormal additive IPSG MRI score 
(Lundin et al. Haemophilia 2005): 36% (15 of 42)  
positive HJHS.

-

-

  na na na

Den Uijl et 
al. 2013[107] 
(version 1.0)

120

67% severe

75% prophylaxis

0% inhibitors

na Discriminative validity: 

Severe: median 8 (IQR 3-15), moderate: median 2 (IQR 
0-6), p<0.001.

HJHS <10 points in 55% (CI 43-66%) of severe and 73% 
(CI 56-85%) of moderate haemophilia (p>0.05)

+ na na na na

Fischer et al. 
2013[109] 
(version 1.0 
(without 
global gait 
score: HJHS 
1.0 Short)

111

100% severe

98% prophylaxis

0% inhibitors

na Discriminative validity: 

Median HJHS score: Netherlands: median 9.0 (IQR 
2.0-18.0) vs Sweden 4.0 (2.0-6.8)

% patients with WFH score >10: Netherlands (2100 IU/
kg/y): 46% vs Sweden (4000IU/kg/y): 11%. 

+

na na na na

Fischer et 
al. 2013[21] 
(versions 
1.0, 1.0 
short, 2.1)

22 

12 for reliability

68% severe

73% prophylaxis

23% inhibitors

na Correlations: 

with VAS: Spearman’s r -0.33

with HAL Spearman’s r -0.40

with SF36: Spearman’s r -0.66

with Petterson: Spearman’s r 0.86.

E

Interrater ICC: N = 12. 

HJHS 1.0: ICC 0.84

HJHS 1.0 Short: ICC 0.84 HJHS 2.1: ICC 0.83

Measurement error: Limits of agreement: 
HJHS 1.0: ±7.9

HJHS 1.0 Short: ±7.2

HJHS 2.1: ±6.4 

Cosmin Methodological Quality score: 

Reliability: Poor

Measurement error: Poor

na na na

Fischer et 
al. 2016[49] 
(version 2.1)

87

100% severe

89% prophylaxis 

0% inhibitors

Median 6.0 
(range 0-33 
HJHS 2.1)

Correlations: Strong correlation with Petterson score 
Spearman’s r 0.67, p<0.01. Weak correlation with number 
of joint bleeds in past 5 yrs and HAL with Spearman’s r’s 
<0.40, non statistically significant. Moderate correlation 
with SF36 physical functioning Spearman’s r -0.59, p<0.01 
and SF36 Pain Spearman’s r -0.41, p<0.01.

+ na na na na

Na = not available, IQR= interquartile range, SD= standard deviation, ICC= intra-class coefficient, 
*Feldman et al. 2006[32] described an interim study analysis of the first 5 years of the study described by Kraft et al. 2012[30] 
and therefore is excluded from data analysis. *Study populations of the following reports by Fischer et al. and van den Berg 
et al. [64-67, 96] are (partly) overlapping, therefore, [66] and [96] are excluded. Study populations of [64, 65, 67] overlap 
partly, but provide additional or more detailed data and are included in the analysis. *Study population of Poonnoose et al. 
2005[88] overlaps with Poonnoose et al. 2007[89] and is excluded. *Data for hypothesis testing of Pergantou et al. 2010[37] 
overlaps with Pergantou et al. 2006[36] and is excluded from data analysis. *In the report by Fischer et al. 2013[21] the limits 
of agreement were calculated as the difference between score and mean score instead of difference between scores of 2 
observers. *The patient population of Groen et al. 2011[43] is included in Groen et al. 2011[110], but provides additional

data and is included in the analysis. *Den Uijl et al. 2011[48] is included in Den Uijl et al. 2013[107], but provides additional 
data and is therefore included in the analysis. *The patient population of Khawaji et al. 2011[111] overlaps with Khawaji et 
al. 2012[45], data on discriminative validity are excluded from data analysis. 
*The study by Saulyte Trakymiene et al. 2013[42] partly overlaps with Saulyte Trakymiene et al. 2010[41], but provides 
additional data and is therefore included in the analysis, except for the comparison of WFH scores between age groups 
in patients treated on demand. *Patient populations of [21, 39, 49, 109] partly overlap. Data on hypothesis testing from 
Fischer et al. 2013[21] were excluded. Other papers provide additional data and were therefore included in the analysis. 
*Patient population of Groen et al. 2011[43] was included in Groen et al. 2011[110] and was included in the analysis because 
it provided additional information on discriminative validity.
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Methodological quality of included studies
Overall, the methodological quality of included studies was rated as “fair” to “poor” on 

the COSMIN scale. This was mainly due to limitations in study design, small patient numbers 

and the failure to meet the criteria of pre-specified hypotheses for hypotheses testing 

(correlations/discriminative validity). The limited methodological quality can be explained 

by the fact that 92% of studies were not specifically designed to study the measurement 

properties of joint scores, but rather used one of the joint examination scores to measure 

outcomes. Unfortunately, the two studies that investigated measurement properties 

of HJHS, were rated as “poor” on the COSMIN scale because of a small sample size  

(n=8).[22, 25]

Including all studies that used one of the included tools as a measurement instrument 

for the outcome rather than only including those that aimed to investigate measurement 

properties, allowed us to provide a good overview of the current evidence on hypotheses 

testing. Yet, including more studies leads to a higher chance of finding conflicting 

results. Therefore, well designed clinimetric studies of higher methodological hierarchy 

(good to excellent) are needed to overcome the conflicting results of studies of “fair” 

methodological quality. In addition, hypotheses on the expected differences in scores 

between patient categories and size and direction of correlations should be formulated 

beforehand and explicitly reported. Future clinimetric studies should include sufficient 

numbers of patients, of at least 20. 

Strengths and Limitations
Strengths of the current study are the systematic literature search and the independent 

study selection and methodological quality assessment by 2 investigators. In the absence 

of alternatives the COSMIN checklist was used to assess methodological quality of 

the included studies. This may be suboptimal because the COSMIN was designed for 

quality assessment of studies on patient-reported outcomes rather than performance-

based instruments. We adapted the COSMIN checklist to make it more suitable for 

the included instruments by lowering the criteria of at least 30 participants for a “fair” 

score to 20, and dropping the requirement of reporting handling of missing items. 

In the current study we focused on measurement tools on joint health specific for 

haemophilia and did not include generic tools or disease specific tools for related diseases. 

Since children and persons with access to early intensive treatment may have limited 

arthropathy, this necessitates sufficiently sensitive assessment. The included haemophilia-

specific joint examination scores were identified by experts in the field. The Colorado 

Adult Joint Assessment Score (CAJAS) (abstract WFH) was not included in the current 

review as it was not yet published in full.[53] To the best of our knowledge, all published 

haemophilia-specific joint health assessment scores are included in the present review.
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Especially in some populations with significant floor- or ceiling effects, underestimation 

of correlations with other constructs may have been caused by patient selection and may 

not reflect the true measurement properties of the measurement tools reported. Future 

studies on correlations with other constructs should be designed in a way so sufficient 

variation in score results is expected. 

Other literature 
Previous reviews on physical examination tools also included haemophilia-specific 

instruments to assess joint health.[3-5] However, unlike the present study, these reviews 

did not formally include methodological quality criteria in their evaluation of measurement 

properties, and are therefore considered incomplete.

Clinical implications and future studies
Currently, insufficient evidence on measurement properties exists to propose a hierarchy 

in joint scores in adults and children with haemophilia. The HJHS is most reported 

on and the investigated measurement properties show no significant pitfalls. Given 

the available evidence, there are no drawbacks for the use of the HJHS in clinical practice. 

Future studies should be well designed for investigation of measurement properties of 

instruments developed to measure joint health, particularly reliability, structural validity 

and responsiveness.

Conclusion
In conclusion, this review provides an overview of available evidence on measurement 

properties of haemophilia-specific instruments used for the assessment of joint health. 

Although significant gaps in the evidence for all instruments remain, measurement 

properties of the HJHS were most extensively studied and show no drawbacks for the use 

in clinical practice. 
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ABSTRACT
Introduction
Monitoring clinical outcome in persons with haemophilia (PWH) is essential in order to 

provide optimal treatment for individual patients and compare effectiveness of treatment 

strategies. Experience with measurement of activities and participation in haemophilia is 

limited and consensus on preferred tools is lacking. 

Aim
The aim of this study was to give a comprehensive overview of the measurement properties 

of a selection of commonly used tools developed to assess activities and participation  

in PWH. 

Methods
Electronic databases were searched for articles that reported on reliability, validity 

or responsiveness of predetermined measurement tools (five self-reported and four 

performance based measurement tools). Methodological quality of the studies was 

assessed according to the COSMIN checklist. Best evidence synthesis was used to 

summarize evidence on the measurement properties. 

Results
The search resulted in 3453 unique hits. Forty-two articles were included. The self-reported 

Haemophilia Activity List (HAL), Pediatric HAL (PedHAL) and the performance based 

Functional Independence Score in Haemophilia (FISH) were studied most extensively. 

Methodological quality of the studies was limited. Measurement error, cross-cultural 

validity and responsiveness have been insufficiently evaluated. 

Conclusion
Albeit based on limited evidence, the measurement properties of the PedHAL, HAL 

and FISH are currently considered most satisfactory. Further research needs to focus on 

measurement error, responsiveness, interpretability and cross-cultural validity of the self-

reported tools and validity of performance based tools which are able to assess limitations 

in sports and leisure activities.
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INTRODUCTION
Bleeding into muscles and synovial joints is the main characteristic of haemophilia. 

Recurrent joint bleeds cause degenerative cartilage and bone changes (haemophilic 

arthropathy) through synovial inflammation and blood related cartilage damage[1]. This 

results in short- and long term limitations in joint function, performance of activities and 

participation in society. The available treatment includes on demand or prophylactic 

clotting factor replacement and functional rehabilitation after bleeding[2]. 

Monitoring clinical outcome is essential in order to provide optimal individual treatment of 

persons with haemophilia (PWH) and to compare patient groups in scientific research. Self-

reported bleeding and clinical and radiologic joint assessment used to be the main outcome 

measures in haemophilia treatment. However, according to the World Health Organization’s 

International Classification of Functioning (ICF) [3], health is considered the result of an 

interaction between body structure and function, activities, participation and personal and 

environmental factors. In order to obtain a representative impression of a person’s health 

assessment of all ICF domains, combining objective and self-reported measurement tools, 

is recommended [4]. According to the ICF “activity” is defined as “the execution of a task 

or action by an individual” and participation is defined as “involvement in a life situation”. 

Consistent monitoring outcome at activity and participation level still needs to find its way 

into haemophilia care and research. 

Various haemophilia specific and generic tools for assessing activity and participation are 

available, but consensus on a preferred set of measurement tools is not yet reached. 

Differences in access to expensive clotting factor concentrates cause significant differences 

in joint status between PWH in different parts of the world. Differences between age 

groups, severity and cultural differences also contribute to heterogeneity in the haemophilia 

population. Moreover, measurement tools might be used for different purposes, e.g. 

monitoring clinical outcome vs comparing treatment groups and evaluation of chronic 

complaints vs acute bleeds. A core set of measurement tools should account for these 

different purposes and patient groups. Recently, a first recommendation for a core set 

based on expert opinion was published[5]. However, quality assessment of the outcome 

measures, considered an important step in the development of a core outcome set[6],  

was incomplete. 

The aim of the current study is to provide a systematic overview of the measurement 

properties (i.e., validity, reliability and responsiveness) of a selection of measurement 

tools commonly used in PWH and developed to measure activities and participation. This 

information may promote the identification of core-set outcome tools and direct further 

research on these measurement tools. 
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METHODS
This systematic review is reported in accordance with the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) statement (www.prisma-statement.org). 

The research group aimed to perform systematic reviews on (1) imaging techniques to 

assess haemophilia arthropathy, (2) tools to measure joint structure and function, (3) 

tools to measure activity and participation and (4) measurement tools to assess health 

related quality of life (HRQoL). For clarity of reporting, separate reviews are drafted for 

the different domains. The current manuscript reports on tools used to assess activities 

and participation.

Measurement tools included in the search were predetermined. The selection of measurement 

tools was made based on a survey among comprehensive haemophilia treatment centers 

(Columbus, USA; Denver, USA; Milan, Italy; Utrecht, The Netherlands; Valencia, Spain; 

Vellore, India; 2014) combined with an expert meeting (Toronto, October 2014)[5] and by 

the authors. Included measurement tools were: the Canadian Occupation Performance 

Measure (COPM), the Haemophilia Activity List (HAL), the Impact on Participation and 

Autonomy questionnaire (IPA), the International Physical Activity Questionnaire (IPAQ), 

the Pediatric HAL (PedHAL), accelerometry, the enhanced Functional Independence Score 

in Haemophilia (eFISH), the Functional Independence Score in Haemophilia (FISH), the Six 

Minute Walk Test (6MWT) and the Timed Up and Go test (TUG).

Search
Medline and Embase were searched until May 30th 2016. The full search, designed and 

supervised by a professional librarian (C. Nickel, Hospital Library and Archives, The Hospital 

for Sick Children, Toronto, Canada), is listed in supplemental table 1. For the purpose 

of reviews on all domains, the initial search (October 2014) included measurement 

instruments on joint scores, imaging, health related quality of life, as well as activities and 

participation. The search update (May 30th 2016) was focused at joint scores and activities 

and participation. Reference lists were screened and experts in the field were contacted to 

identify studies not retrieved by the literature search. 

Study selection 
Studies that reported on reliability, validity or responsiveness of one of the predetermined 

measurement tools used in pediatric and adult patients with severe, moderate or mild 

haemophilia A or B were eligible for inclusion. It was decided to also consider studies that 

used one of the selected measurement instruments as an outcome as these would include 

information on discriminant validity. Only peer-reviewed original articles written in English 

were considered. 
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Titles and abstracts of retrieved studies were independently examined by two investigators 

(S.G. and M.T.). Complete manuscripts of potentially relevant studies were examined for 

eligibility for inclusion. In case of disagreement between the two reviewers, consensus was 

reached by discussion with a third reviewer (K.F). 

Data extraction 
Data extraction from manuscripts was performed independently by two investigators (S.G. 

and A.Z). In the case of disagreement between the two reviewers consensus was reached 

by discussion with a third reviewer (M.T.). The following data were extracted: sample size, 

proportion of severe PWH, proportion of patients receiving prophylactic therapy, age, 

spread the results in the population being studied and information about measurement 

properties. Measurement properties are defined according to COSMIN, as shown in table 

1. Interpretability, including Minimal Clinical Important Difference (MCID) and floor- and 

ceiling effects, was considered an important requirement for the suitability of an instrument, 

but not a measurement property. Therefore it was only described and not scored. 

Quality assessment 
First, the methodological quality of the selected studies was evaluated according to 

the COSMIN checklist, which offers standards to assess each measurement property[7]. For 

each measurement property the COSMIN includes items that assess design requirements 

and statistical methods, the actual content of the items is specific for each measurement 

property. Every item is rated on a 4-point scale (poor, fair, good, excellent) and the lowest 

score determines the rating. Quality assessment of the studies was performed by two 

investigators independently (S.G. and A.Z.). In the case of disagreement between 

the two reviewers consensus was reached by discussion with a third reviewer (M.T.). Since 

haemophilia is a rare disease and reliability studies of performance-based measurement 

tools require a smaller sample size compared to self-reported tools[8] (as the COSMIN 

is initially designed for) , it was decided to adjust the COSMIN criterion of minimum 

sample size to score fair from 30 to 20 for reliability, measurement error and hypothesis  

testing [9, 10].

Secondly, results of the measurement properties were assessed as positive, negative or 

indeterminate based on criteria of Terwee et al. [11], as shown in table 1. Thirdly, the results 

of the studies were combined and adjusted for the methodological quality of the studies 

according to the methods of the Cochrane Back Review Group[12], shown in table 2. 

Overlap in study population between studies was checked for by comparing source 

population, inclusion period and inclusion criteria. In case of uncertainty, authors were 

contacted. Studies using the same population were considered as one study in the overall 

quality assessment.
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RESULTS
The study selection process is shown in a flowchart in figure 1. Using the above search 

strategy, 3453 unique references were identified. After screening of the titles and 

abstracts, 288 articles were selected for full text inspection and 44 studies were included 

in the current paper. Included studies reported on the COPM, the HAL, the IPA, the IPAQ, 

the PedHAL, accelerometry the FISH, the 6MWT and the TUG. No studies were found that 

reported on the eFISH. The included studies comprised 1398 PWH, of which 40.5% were 

adults and were 30.3% children (<18 years). In 29.2% of the cases it remained unclear if it 

considered children or adults. In total 71.5% of the included PWH had severe haemophilia; 

the remaining patients had mild or moderate haemophilia. In less than 1% of the cases 

severity was not described.

Study characteristics and measurement properties are presented in table 3, for studies 

that scored at least “fair” on the COSMIN checklist. Most studies reported on hypothesis 

testing (convergent and discriminant validity). Minimal clinical important differences 

(MCID) were not reported. Internal consistency and structural validity were not applicable 

for the included performance based tools since the (sub)scales are not based on a reflective 

model but on a formative model (which means that the items together form the construct 

and are therefore not interchangeable and not necessarily correlated). Cross-cultural validity 

was also considered not applicable for performance based tools, although we are aware 

that performance on certain activities can be culturally influenced. All studies assessed 

functioning in a steady state condition, 12 studies[13-24] explicitly excluded patients 

with acute bleeding; none reported assessment of patients after (sub)acute bleeding. 

Methodological quality ratings of each study are reported per measurement property in 

supplementary table 2 and were generally fair to poor. Synthesis of the results for each 

measurement tool, including the level of evidence, is presented for the total patient group 

in table 4. Separate reports for adults and children are presented in supplementary tables 

3a and 3b. 

It was decided not to differentiate between tools measuring activities and tools measuring 

participation as this requires comprehensive research and is therefore beyond the scope 

of the current study.

Self-reported measurement tools
Canadian Occupation Performance Measure (COPM)
COPM is a standardized semi-structured interview measuring self-perception of 

performance and satisfaction with the performance of tasks of daily living, leisure and 

productivity[25]. Patients identify problems with tasks and prioritize them according to 

the level of importance. The five most important problems become goals for treatment 

planning. For these five problems individuals rate their current level of performance and 
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their satisfaction of their performance on a scale from 1 to 10 (lower scores represent 

more difficulties or less satisfaction). An average score for performance and satisfaction of 

the five problems is computed at the end of the interview process. 

The COPM was only reported once in PWH[18], in a study aiming to describe how 

the COPM was applied, along with other measures of assessment. Hypothesis testing was 

considered “unknown” due to poor methodological quality. 

Haemophilia Activity List (HAL)
The HAL is a haemophilia-specific questionnaire assessing self-perceived limitations 

in activities in adults due to haemophilia, in the previous month[24]. It contains 42 

Figure 1. Flowchart of studyselection
*Studies could be assigned to multiple domains; HRQoL = Health Related Quality of Life

Figure 1. Flowchart of studyselection 
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items across seven domains. A summary score as well as component scores involving 

upper extremity, basic lower extremity and complex lower extremity activities can be 

calculated. Normalized scores range from 0-100, with higher scores representing better  

functional status.

The HAL was used in 11 studies[4, 21-24, 26-36]. Three [31, 32, 35] included both 

children and adults. Another three studies explicitly aimed at investigating measurement 

properties[24, 29, 33]. Moderate positive evidence was found for content validity of 

the HAL. Conflicting results were found for hypothesis testing due to a good correlation 

with IPA, Arthritis Impact Measurement Scale (AIMS), TUG and 50m walking speed but 

a low correlation with IPAQ and the physical functioning domain of the SF36. Furthermore, 

the HAL discriminates well between treatment groups[35] but not between patients who 

stopped or continued prophylaxis[36]. Internal consistency, structural validity and cross-

cultural validity were considered “unknown” due to poor quality of the selected studies. 

When used as an outcome measure in an Indian study[31] most patients did not answer 

all questions as they considered them inappropriate. Reported proportions of persons 

achieving an optimal score vary according to age and intensity of treatment, ranging from 

7% (only severe haemophilia, 76% prophylaxis, median 38 years) to 31% (only severe 

haemophilia, 89% prophylaxis, median 41 years)[4, 28]. 

Impact on Participation and Autonomy questionnaire (IPA)
The IPA is a generic questionnaire for adults, addressing personal impact of illness on 

participation and autonomy and related experience of problems[37]. This self-administered 

questionnaire consists of 31 items, distributed over five domains: autonomy indoors, 

family role, autonomy out-doors, social relations, and work and educational opportunities. 

Scores range from 0-120 with a higher score representing more restrictions in participation 

or worse autonomy.

Table 2. Levels of evidence for the quality of the measurement property[11] 

Level Rating Criteria

Strong +++ or --- Consistent findings in multiple studies of good methodological quality OR 
in one study with excellent methodological quality

Moderate ++ or -- Consistent findings in multiple studies of fair methodological quality OR 
in one study of good methodological quality

Limited + or - One study of fair methodological quality
Conflicting +/- Conflicting findings
Unknown ? Only studies with poor methodological quality

+ = positive result, - = negative result
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Seven studies reported on the IPA, all included adult patients[22-24, 28, 29, 33, 34]. 

None of the studies explicitly aimed to investigate measurement properties. In three 

of them, the IPA was used to explore validity of the HAL[21, 24, 29]. Limited positive 

evidence was found for the internal consistency of the IPA in this population. Moderate 

positive evidence was found for hypothesis testing due to good correlations with HAL in  

multiple studies. 

International Physical Activity Questionnaire (IPAQ)
The IPAQ is a 7-day recall questionnaire, developed for adults, measuring current levels 

of physical activity[38]. Walking, moderate-intensity and vigorous-intensity activities 

are assessed for four different domains – leisure time, domestic and gardening, work-

related and transport-related physical activity. Scoring of the IPAQ results in a continuous 

variable in the form of total metabolic equivalents of task (MET)-min per week, as well as 

categorization into high, moderate or low physical activity level.

Four studies reported on the IPAQ in PWH [32, 35, 39, 40], none of the studies explicitly 

aimed to investigate measurement properties. Three studies included adults as well 

as teenagers (age 16 year and above)[32, 35, 39], the other only included adults[40]. 

Conflicting evidence was found for hypothesis testing due to a weak correlation with 

the HAL and differences in moderate physical activity and total METs between PWH 

and controls but not in vigorous physical activity, light physical activity and sedentary 

behaviour[32]. Ceiling effects are not applicable for the IPAQ. 

Pediatric Haemophilia Activity List (PedHAL)
The PedHAL is a haemophilia specific measure assessing self-perceived limitations 

in activities in children between 8-18 years old[41]. It contains 53 items across seven 

domains and can be completed by both parents and children. A summary score as well 

as component scores involving upper extremity, basic lower extremity and complex lower 

extremity activities can be calculated. Normalized scores, ranging from 0-100 with higher 

scores representing better functional status, can be obtained for the summary score and 

the component scores.

A total of three studies reported on the PedHAL[41-43]. Two studies explicitly aimed to 

investigate measurement properties [41, 42]. Limited positive evidence was found for 

content validity of the PedHAL. Internal consistency, reliability, measurement error and 

hypothesis testing are considered “unknown” due to poor quality of the selected studies. 

Two studies reported a proportion of optimum scores of 34% (81% severe haemophilia, 

no prophylaxis, 13.2 years) and >50% (75% severe haemophilia, all prophylaxis,  

8.9 years)[41, 42].
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Performance based measurement tools
Accelerometer
The accelerometer is an objective tool to assess physical activity. Currently a broad range 

of accelerometers is available[44]. The primary unit of measurement is counts or m/s2, 

which can be converted into Metabolic Equivalent of Task (MET) using an algorithm. One 

MET is equal to the resting metabolic rate, obtained during quite sitting. 

Five studies reported on accelerometers; four only included children[14, 45-47], one only 

adults[48]. One study explicitly aimed to validate an accelerometer (Actiheart, uniaxial 

accelerometer combined with heartrate) for the measurement of energy expenditure in 

children with different chronic diseases. In this study conflicting evidence was found for 

criterion validity due to a good correlation between Actiheart and indirect calorimetry 

for total activities and fast walking and a weak correlation between Actiheart and indirect 

calorimetry for sitting, slow walking and moderate walking[46]. The remaining studies 

showed conflicting evidence for hypothesis testing in different age groups. Ceiling effects 

are not applicable. 

Functional Independence Score in Haemophilia (FISH)
The FISH is a performance based test measuring the patient’s independence in performing 

activities of daily living, transfers and mobility[19]. It was designed for adults and children 

above seven years. Each function is graded from 1 to 4 depending on the amount 

of assistance the patient needs in performing the function. Total score ranges from 0 

(functionally fully dependent) to 32 (functionally fully independent).

Fifteen studies reported on the FISH[16, 18-20, 31, 42, 49-57]. Two studies explicitly aimed 

to investigate measurement properties of the FISH[19, 31]. Five studies included both 

children and adults[18, 19, 31, 51, 55], seven studies included only children[16, 20, 42, 49, 

52, 54, 56], three included only adults[50, 53, 57]. Moderate positive evidence was found 

for hypothesis testing in the total group, due to a good correlation with HAL, Western 

Ontario and McMaster Universities Arthritis Index (WOMAC) and Health Assessment 

Questionnaire (HAQ). In studies including children only, evidence for hypothesis testing 

was also considered moderately positive. Responsiveness and internal consistency were 

considered unknown due to poor methodological quality. Proportions of optimum scores 

reported range from 8% (only severe haemophilia, no prophylaxis, median 32 years)[16] 

to > 50% (86% severe, no prophylaxis, 13.2 years)[42]. One study showed optimum scores 

>50% of the FISH and optimum scores of 34% of the pedHAL in the same population[42].

Six minute walk test (6MWT)
The 6MWT is a performance based test that measures walking speed and sub-maximal 

exercise capacity[58]. It was developed for patients with respiratory diseases and heart 
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failure, but has been used in children and adults with a variety of chronic conditions. 

Patients are instructed to walk up and down a 30-50 meter track for 6 minutes and try to 

cover the largest possible distance without running. The covered distance in 6 minutes is 

recorded. The use of a walking aid or orthosis is allowed. 

Six studies reported on the 6MWT[13, 17, 42, 43, 59, 60], one included adults[59, 60] 

the others children only. The studies did not explicitly aim to investigate measurement 

properties. Conflicting evidence was found for hypothesis testing due to the ability of 

the 6MWT to discriminate between patients with and without overweight and between 

PWH, juvenile idiopathic arthritis and spina bifida versus the weak correlation between 

6MWT and a maximum exercise test (cyclo-ergometer)[13, 17, 43]. Responsiveness 

was only reported in studies with poor methodological quality and therefore  

considered unknown. 

Timed up and go test (TUG)
The TUG is a performance based test developed to assess functional mobility in elderly 

persons[61]. Participants are required to stand up from a chair, walk 3 meters, return and 

sit in the chair. The time taken to perform the test is administered. 

Three studies reported on the TUG, all included adult PWH[26, 33, 62]. These studies did 

not explicitly aim to validate the TUG in this population. Limited positive evidence was 

found for hypothesis testing due to one study with fair methodological quality showing 

a good correlation with the HAL. 

DISCUSSION
Five self-reported and four performance based measurement tools in 44 studies were 

investigated. Eight studies explicitly aimed at investigating measurement properties. For 

most measurement tools only hypothesis testing was investigated sufficiently. Two self-

reported (the HAL and PedHAL) and one performance-based tool (FISH) were studied 

somewhat more extensively but with low COSMIN scores. Measurement error, cross-

cultural validity, responsiveness and interpretability were rarely reported. For this review, 

no difference was made between tools measuring activities or participation.

Self-reported measurement tools
The PedHAL is the only tool specifically developed for children. Given the measurement 

properties studied, the PedHAL seems a convenient tool to measure self-reported limitation 

in activities in children. The IPA is a validated tool for adults in several disease groups [63] 

and was used to validate the HAL[24, 29]. The HAL and the IPA aim to measure a different 

construct, limitations in activities and impact on participation respectively. However, most 

participation questionnaires also include items on limitations in activities[64] and the HAL 
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includes items on participation (e.g. sports and going out). Cross-cultural validity of the HAL 

was not formally assessed, however when used as an outcome measure in an Indian study 

most patients did not answer all questions as they considered them inappropriate [31]. 

The IPAQ is considered a validated tool to measure physical activity in healthy adults[38] 

but correlates only weakly with the HAL[32]. This can be explained by the difference in 

construct between the HAL (limitations in activities) and IPAQ (level of physical activity). 

Differences between PWH and controls are found in some, but not all, aspects of physical 

activity. This might be due to large inter-individual differences, even within controls[32]. 

Self-reported measurement tools
The PedHAL is the only tool specifically developed for children. Given the measurement 

properties studied, the PedHAL seems a convenient tool to measure self-reported limitation 

in activities in children. The IPA is a validated tool for adults in several disease groups [63] 

and was used to validate the HAL[24, 29]. The HAL and the IPA aim to measure a different 

construct, limitations in activities and impact on participation respectively. However, most 

participation questionnaires also include items on limitations in activities[64] and the HAL 

includes items on participation (e.g. sports and going out). Cross-cultural validity of the HAL 

was not formally assessed, however when used as an outcome measure in an Indian study 

most patients did not answer all questions as they considered them inappropriate [31]. 

The IPAQ is considered a validated tool to measure physical activity in healthy adults[38] 

but correlates only weakly with the HAL[32]. This can be explained by the difference in 

construct between the HAL (limitations in activities) and IPAQ (level of physical activity). 

Differences between PWH and controls are found in some, but not all, aspects of physical 

activity. This might be due to large inter-individual differences, even within controls[32]. 

Performance based measurement tools
Given the measurement properties studied, the FISH seems a convenient tool to measure 

independence in performing activities of daily living, transfers and mobility in both children 

and adults. However, ceiling effects >50% were found in a population with 34% optimum 

scores on the PedHAL. Those differences can be explained by the differences in construct 

(self-perceived limitation measured by the PedHAL and observed limitations measured by 

the FISH) and by differences in the range of activities that is covered by the instruments; 

the FISH covers activities of daily living, transfers and mobility whereas the PedHAL 

also covers leisure and sports activities. The TUG is validated for frail elderly, patients 

with arthritis and stroke patients[65]. In middle aged patients with severe haemophilia it 

correlates moderately with HAL[33, 62]. Measurement properties of the 6MWT in children 

vary among chronic conditions[66]. The reported poor correlation with maximum exercise 

tests in children with haemophilia is in accordance with results in children with juvenile 

idiopathic arthritis[67]. Possibly the 6MWT is not sensitive enough for patients with 
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minimal joint complaints, indicating a ceiling effect. In populations with more severe joint 

complaints, like adults awaiting total knee or hip arthroplasty, reliability and responsiveness 

of the 6MWT is good[68]. Measurement properties of accelerometers vary among brands, 

but a wide range is validated for the assessment of physical activity in healthy children [44]. 

However, when accelerometers are used to predict energy expenditure significant over- and 

underestimation is found [44]. Similar results were found in children with haemophilia[46].

Strengths and limitations
Strengths of the current study are the systematic literature search and the independent 

study selection and independent methodological quality assessment by two investigators. 

Furthermore, we decided to include also studies that used one of the selected 

measurement instruments as an outcome. This enabled us to include more information 

about the measurement tools (on hypothesis testing), which was needed since studies 

that aimed at investigating measurement properties were limited. The different aim of 

these studies required different priorities in reporting, leading to low COSMIN scores. 

Nevertheless, consisting findings in studies scoring “fair” on the COSMIN checklist are 

also considered moderated evidence.

The main limitation of this systematic review is the lack of a suitable checklist for 

methodological quality assessment of studies investigation measurement properties 

of performance based tools. The COSMIN checklist was initially developed for self-

reported outcome measures and is therefore less appropriate for performance-based 

tools. However, the COSMIN checklist seemed to be the most appropriate solution. By 

adjusting the minimal sample size of the COSMIN for hypothesis testing and reliability we 

attempted to make it more suitable for performance-based tools [8]. A second limitation 

of this study is that measurement tools included in the search were predetermined 

by expert opinion. Although we were only interested in commonly used tools, we 

could have missed a measurement tool. Given our broad international survey among 

comprehensive haemophilia treatment centers and expert meeting with an international 

and multidisciplinary group of professionals we are confident that all relevant tools  

are included.

Clinical implications and future research
Based on this systematic review, the PedHAL and HAL are the recommended self-

reported measurement tools. The FISH is the recommended performance based tool 

to measure independence in the performance of activities of daily living, transfers and 

mobility. When developing a core set of measurements, including the same instruments 

for a wide population of PWH is preferable in order to enable comparison between 

groups. Both in patient care and in clinical research one might wish to additionally add 

specific measurements for specific patients or purposes. Further research needs to focus 
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Table 3. Characteristics and measurement properties of selected studies, scored as at least “fair” on the COSMIN 
checklist, per measurement tool 

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

HAL
Van Genderen et al. 
2004 [23] (provisional 
version)

50/86/na Mean 44.9 (SD 14.2) Median 83.3 (IQR 77.5-98.2) n.a. Content validity: Patients considered it to reflect daily activities better than 
dutch-AIMS2 and IPA. 

Convergent validity: Strong correlation with AIMS2 (r=0.89; p<0.001) and IPA( r= 
0.75; p<0.001)

Van Genderen et al. 
2005 [22] (A)

43/100/na Mean 45 (SD 14) Median 68.7 (55.3-79.3) n.a. Convergent validity: adjusted for age and psychological health: Pettersson 
score and pain explained 52.3% of the variance in HAL. HAL explained 61.5% of 
the variance on IPA. (all p<0.05)

Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 69.29 (IQR 57.6-90.5) n.a. Convergent validity: strong positive correlation with AIMS2 (r=0.81), IPA (r= 0.71) 
and 50m walking (r= 0.60). Moderate positive correlation with TUG (r=0.59) and 
figure8 (r=0.54) (all p<0.001).

Van Genderen et al. 
2006 [20] (A)

78/100/na Median 40.35 (IQR 32-52) Median 70.2 (IQR 54.8-90) n.a. Convergent validity: Age, PR and pain explained 65.7% of the variance in HAL.

Brodin et al. 2011 
[27] (Swedish 
version) (B) 

84/72/81 Mean 45.0 (SD 17.7) Moderate: median 91 (range 78)

Severe: median 72 (range 89)

n.a. Convergent validity: strong positive correlation with AIMS2 physical (r=0.84; 
p<0.01), IPA indoor (r=0.83; p<0.01) and IPA mobility (r=0.89; p<0.01).  
Discriminant validity: No difference between moderate (median 9 range 79) and 
severe (median 28 range 89) (p>0.05). 

Biere-Rafi et al. 2011 
[25]

30/13/na Mean 55 (range 22-74) Normal weight: median 97.9 
Obese: median 88.4

n.a. Discriminant validity: Obese patients scored lower than normal weight patients 
(mean 88.4 vs. 97.9; p=0.024). BMI explained 21% of the variance in HAL. 
In only non-severe patients obese patients scored also lower than normal weight 
(mean 90.1 vs. 99.5; p=0.017)

Van Genderen et al. 
2012 [21] (A)

115/100/74 Median 42 (range 18-72) Median 69.5 (IQR 57.1-90.5) n.a. Convergent validity: After adjusting for age and psychological health, pain did 
not explain variance in HAL. 44% of the variance in HAL was explained by age, 
6% by joint mobility (6%), and 2% by psychological health. HAL explained 25% of 
variation in IPA

Nijdam et al. 2016 

[34] (C)
56/100/74 Median 32.4 n.a n.a. Discriminant validity: No differences between patients that stopped PR (mean 

84, IQR 67-98) and that continued PR (mean 84, IQR 78-97), p=0.99. Patients that 
interrupted PR scored lower (mean 67,IQR 49-79) than the other groups, but too 
small the sample size to perform statistical analysis (n=6)

Fischer et al. 2016 

[4] (C)
90/100/89 Median 25.5(IQR 20.9- 

30.4)
Median 96 (IQR 84–100) 31.1% 
optimum score

n.a. Convergent validity: Moderate correlation with sf36 physical functioning (r=0.43) 
and sf36 utility (r=0.41). Weak (r<0.4) correlation with joint bleeds, eq5d and 
other components of sf36.

Fischer et al. 2013 
[33]

81/100/85 Mean 24.5 (range 14-37) Netherlands: median 93 (IQR 
81-98), Sweden: median 99 (IQR 
93-100),

n.a Discriminant validity: The high dose treatment group showed less limitations in 
activities (median 99) than the intermediate dose group (median 93), P <0.01

Sherlock et al. 2010 
[30] (D)

61/49/na Mean 38 (range 16-63) n.a. n.a. Convergent validity: Weak positive correlation between upper extremity and 
IPAQ (r=0.36; p<0.001) and between lower extremity and IPAQ (r=0.297; 
p<0.001)

Discriminant validity: PWH spend less time in moderate PA than controls (mean 
152,7 ±167.2 vs. 318.7± 115.5; CI -195.2 to 136.8). No difference in vigorous PA 
(mean 141.1 ±145.6 vs. 281 ±631.15; CI= -299.5 to 17.5), walking (mean 444.0 
±156.5 vs. 600 ±878.3; CI:-53.5 to 511.5), and sitting (mean 2262.0 ±1326.8 vs. 
mean 2033.0 ±1115.7; CI: -53.5 to 511.5).

Total MET of PWH was lower than controls (mean 4319.7±3491.2 vs. 
6505.9±7332.54; CI 4030.9 to 343.9)
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Table 3. Characteristics and measurement properties of selected studies, scored as at least “fair” on the COSMIN 
checklist, per measurement tool 

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

HAL
Van Genderen et al. 
2004 [23] (provisional 
version)

50/86/na Mean 44.9 (SD 14.2) Median 83.3 (IQR 77.5-98.2) n.a. Content validity: Patients considered it to reflect daily activities better than 
dutch-AIMS2 and IPA. 

Convergent validity: Strong correlation with AIMS2 (r=0.89; p<0.001) and IPA( r= 
0.75; p<0.001)

Van Genderen et al. 
2005 [22] (A)

43/100/na Mean 45 (SD 14) Median 68.7 (55.3-79.3) n.a. Convergent validity: adjusted for age and psychological health: Pettersson 
score and pain explained 52.3% of the variance in HAL. HAL explained 61.5% of 
the variance on IPA. (all p<0.05)

Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 69.29 (IQR 57.6-90.5) n.a. Convergent validity: strong positive correlation with AIMS2 (r=0.81), IPA (r= 0.71) 
and 50m walking (r= 0.60). Moderate positive correlation with TUG (r=0.59) and 
figure8 (r=0.54) (all p<0.001).

Van Genderen et al. 
2006 [20] (A)

78/100/na Median 40.35 (IQR 32-52) Median 70.2 (IQR 54.8-90) n.a. Convergent validity: Age, PR and pain explained 65.7% of the variance in HAL.

Brodin et al. 2011 
[27] (Swedish 
version) (B) 

84/72/81 Mean 45.0 (SD 17.7) Moderate: median 91 (range 78)

Severe: median 72 (range 89)

n.a. Convergent validity: strong positive correlation with AIMS2 physical (r=0.84; 
p<0.01), IPA indoor (r=0.83; p<0.01) and IPA mobility (r=0.89; p<0.01).  
Discriminant validity: No difference between moderate (median 9 range 79) and 
severe (median 28 range 89) (p>0.05). 

Biere-Rafi et al. 2011 
[25]

30/13/na Mean 55 (range 22-74) Normal weight: median 97.9 
Obese: median 88.4

n.a. Discriminant validity: Obese patients scored lower than normal weight patients 
(mean 88.4 vs. 97.9; p=0.024). BMI explained 21% of the variance in HAL. 
In only non-severe patients obese patients scored also lower than normal weight 
(mean 90.1 vs. 99.5; p=0.017)

Van Genderen et al. 
2012 [21] (A)

115/100/74 Median 42 (range 18-72) Median 69.5 (IQR 57.1-90.5) n.a. Convergent validity: After adjusting for age and psychological health, pain did 
not explain variance in HAL. 44% of the variance in HAL was explained by age, 
6% by joint mobility (6%), and 2% by psychological health. HAL explained 25% of 
variation in IPA

Nijdam et al. 2016 

[34] (C)
56/100/74 Median 32.4 n.a n.a. Discriminant validity: No differences between patients that stopped PR (mean 

84, IQR 67-98) and that continued PR (mean 84, IQR 78-97), p=0.99. Patients that 
interrupted PR scored lower (mean 67,IQR 49-79) than the other groups, but too 
small the sample size to perform statistical analysis (n=6)

Fischer et al. 2016 

[4] (C)
90/100/89 Median 25.5(IQR 20.9- 

30.4)
Median 96 (IQR 84–100) 31.1% 
optimum score

n.a. Convergent validity: Moderate correlation with sf36 physical functioning (r=0.43) 
and sf36 utility (r=0.41). Weak (r<0.4) correlation with joint bleeds, eq5d and 
other components of sf36.

Fischer et al. 2013 
[33]

81/100/85 Mean 24.5 (range 14-37) Netherlands: median 93 (IQR 
81-98), Sweden: median 99 (IQR 
93-100),

n.a Discriminant validity: The high dose treatment group showed less limitations in 
activities (median 99) than the intermediate dose group (median 93), P <0.01

Sherlock et al. 2010 
[30] (D)

61/49/na Mean 38 (range 16-63) n.a. n.a. Convergent validity: Weak positive correlation between upper extremity and 
IPAQ (r=0.36; p<0.001) and between lower extremity and IPAQ (r=0.297; 
p<0.001)

Discriminant validity: PWH spend less time in moderate PA than controls (mean 
152,7 ±167.2 vs. 318.7± 115.5; CI -195.2 to 136.8). No difference in vigorous PA 
(mean 141.1 ±145.6 vs. 281 ±631.15; CI= -299.5 to 17.5), walking (mean 444.0 
±156.5 vs. 600 ±878.3; CI:-53.5 to 511.5), and sitting (mean 2262.0 ±1326.8 vs. 
mean 2033.0 ±1115.7; CI: -53.5 to 511.5).

Total MET of PWH was lower than controls (mean 4319.7±3491.2 vs. 
6505.9±7332.54; CI 4030.9 to 343.9)
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

Poonnoose et al. 
2007 [29] 

20/100/na Mean 14 (range 7-40) Mean 71 (range 31-97) n.a. Convergent validity: moderate positive correlation with Gibert score (r=0.48;**), 
no correlation with Pettersson (r=0.08;**)

IPA
Van Genderen et al. 
2004 [23] (A)

50/86/na Mean 44.9 (SD 14.2) Mean 31.2 (SD 19.5; range 0-77) n.a. Convergent validity: Strong positive correlation with HALprovisional version (r= 
0.75; p<0.001)

Van Genderen et al. 
2005 [22] (A)

43/100/na Mean 45 (SD 14) Median 23.1 (IQR 8.4-38.5) Good internal 
consistency: autonomy 
indoors 0.93,

family role 0.93, 
autonomy outdoors 
0.90, social

relations 0.90, and 
work and educational 
opportunities

0.93, sum score 0.97

Convergent validity: Adjusted for age and psychological health HAL explained 
61.5% variance in IPA (p<0.001) and pain and Pettersson score explained 47.9% 
variance in IPA (p=0.005)

Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 30.0 (IQR 9.5-43.0) n.a. Convergent validity: Strong positive correlation with HAL (r= 0.71; p<0.001)

Brodin et al. 2011 
[27] (B)

84/72/81 Mean 45.0 (SD 17.7) n.a. n.a. Convergent validity: Strong positive correlation IPA indoor with HAL (r=0.83; 
p<0.01) and IPA outdoor (r=0.89; p<0.01) with HAL.

LOA*: IPA indoor with HAL -24/50; IPA outdoor with HAL -19/38; IPA family with 
HAL -21/35

Van Genderen et al. 
2012 [21] (A)

87/100/74 Median 42 (range 18-72) Median 28 (IQR 10.0-37,5) n.a Convergent validity: Body functions and structures explained none of 
the variation in IPA, age explained 31% and psychological health 4%. 
Performance-based activity measures explained 3% variation in IPA. HAL 
explained 25% of variation in IPA.

IPAQ
Sherlock et al. 2010 
[30] (D)

61/49/na Mean 38 (range 16-63) 46% high, 28% moderate, 16% 
low PA levels 

n.a. Convergent validity: Weak positive correlation with HAL upper extremity 
(r=0.362; p<0.001) and HAL lower extremity (r=0.297; p<0.001). Weak negative 
correlation with age (r=-0.266; p<0.05).

Discriminant validity: PWH spend less time in moderate PA than controls (mean 
152,7 ±167.2 vs. 318.7± 115.5; CI -195.2 to 136.8). No difference in vigorous PA 
(mean 141.1 ±145.6 vs. 281 ±631.15; CI= -299.5 to 17.5), walking (mean 444.0 
±156.5 vs. 600 ±878.3; CI:-53.5 to 511.5), and sitting (mean 2262.0 ±1326.8 vs. 
mean 2033.0 ±1115.7; CI: -53.5 to 511.5).

Total MET of PWH was lower than controls (mean 4319.7±3491.2 vs. 
6505.9±7332.54; CI 4030.9 to 343.9)

Fischer et al. 2013 
[33]

75/100/85 Mean 24.5 (range 14-37) Intermediate dose: Median IPAQ 
4294 ( IQR 1037-13740) High 
dose: Median IPAQ 3200 (IQR 
1152-9292)

n.a Discriminant validity: No difference in physical activity between intermediate 
(median 4294, IQR 1037-13740) and high dose (median 3200, IQR 1152-9292). 
P= 0.50
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

Poonnoose et al. 
2007 [29] 

20/100/na Mean 14 (range 7-40) Mean 71 (range 31-97) n.a. Convergent validity: moderate positive correlation with Gibert score (r=0.48;**), 
no correlation with Pettersson (r=0.08;**)

IPA
Van Genderen et al. 
2004 [23] (A)

50/86/na Mean 44.9 (SD 14.2) Mean 31.2 (SD 19.5; range 0-77) n.a. Convergent validity: Strong positive correlation with HALprovisional version (r= 
0.75; p<0.001)

Van Genderen et al. 
2005 [22] (A)

43/100/na Mean 45 (SD 14) Median 23.1 (IQR 8.4-38.5) Good internal 
consistency: autonomy 
indoors 0.93,

family role 0.93, 
autonomy outdoors 
0.90, social

relations 0.90, and 
work and educational 
opportunities

0.93, sum score 0.97

Convergent validity: Adjusted for age and psychological health HAL explained 
61.5% variance in IPA (p<0.001) and pain and Pettersson score explained 47.9% 
variance in IPA (p=0.005)

Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 30.0 (IQR 9.5-43.0) n.a. Convergent validity: Strong positive correlation with HAL (r= 0.71; p<0.001)

Brodin et al. 2011 
[27] (B)

84/72/81 Mean 45.0 (SD 17.7) n.a. n.a. Convergent validity: Strong positive correlation IPA indoor with HAL (r=0.83; 
p<0.01) and IPA outdoor (r=0.89; p<0.01) with HAL.

LOA*: IPA indoor with HAL -24/50; IPA outdoor with HAL -19/38; IPA family with 
HAL -21/35

Van Genderen et al. 
2012 [21] (A)

87/100/74 Median 42 (range 18-72) Median 28 (IQR 10.0-37,5) n.a Convergent validity: Body functions and structures explained none of 
the variation in IPA, age explained 31% and psychological health 4%. 
Performance-based activity measures explained 3% variation in IPA. HAL 
explained 25% of variation in IPA.

IPAQ
Sherlock et al. 2010 
[30] (D)

61/49/na Mean 38 (range 16-63) 46% high, 28% moderate, 16% 
low PA levels 

n.a. Convergent validity: Weak positive correlation with HAL upper extremity 
(r=0.362; p<0.001) and HAL lower extremity (r=0.297; p<0.001). Weak negative 
correlation with age (r=-0.266; p<0.05).

Discriminant validity: PWH spend less time in moderate PA than controls (mean 
152,7 ±167.2 vs. 318.7± 115.5; CI -195.2 to 136.8). No difference in vigorous PA 
(mean 141.1 ±145.6 vs. 281 ±631.15; CI= -299.5 to 17.5), walking (mean 444.0 
±156.5 vs. 600 ±878.3; CI:-53.5 to 511.5), and sitting (mean 2262.0 ±1326.8 vs. 
mean 2033.0 ±1115.7; CI: -53.5 to 511.5).

Total MET of PWH was lower than controls (mean 4319.7±3491.2 vs. 
6505.9±7332.54; CI 4030.9 to 343.9)

Fischer et al. 2013 
[33]

75/100/85 Mean 24.5 (range 14-37) Intermediate dose: Median IPAQ 
4294 ( IQR 1037-13740) High 
dose: Median IPAQ 3200 (IQR 
1152-9292)

n.a Discriminant validity: No difference in physical activity between intermediate 
(median 4294, IQR 1037-13740) and high dose (median 3200, IQR 1152-9292). 
P= 0.50
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

PedHAL
Groen et al. 2010 

[35]
Validity 22/75/75 Mean 8.9 (SD 3.1) Parents: mean 95 (SD 9; range 

69-100) Children: mean 97 (SD 7; 
range 73-100)

>50% max score

n.a. Content validity: Items considered relevant and questionnaire considered 
complete by health professionals, patients and caregivers. 

Groen et al. 2013 
[36] (E)

Reliability 22 
responsiveness 19  
Validity 29 
/86/0

Mean 13.2 (SD 4.0) Median 83.5 (IQR 47.9-90.5)

34% optimum score

No difference between 
test and retest scores 
(p=0.72).

LOA- 0.7/17.4

IC= 0.95 (CI 0.88-0.98)

Convergent validity: Strong positive correlation with FISH (r= 0.65; p<0.05). 
Moderate negative correlation with HJHS (r= -0.59; p<0.05) and CHQ-50 
(physical functioning) (r=0.40; p<0.05). No correlation with CHQ-50(behaviour) 
(r=0.36; p>0.05), CHQ-50(mental health) (r= 0.16; p>0.05) and 6MWT (r=0.13; 
p>0.05).

Radzevic et al. 2013 
[37] (F)

24/88/88 Mean 12.6 (SD 3.01) Mean 83.6 (SD 11.4; range 58.86-
97.29)

n.a. Convergent validity: Strong negative correlation with HJHS (r=-0.962; P< 0.0001) 
and 6MWT (r=0.903; P<0.0001).

Accerelometer
Goto et al. 2014 [55] 
(Omron, triaxial)

32/27/na Self- moniotoring group 
mean 41.8 (SD 8.6), control 
group mean 43.9 (SD 10.7)

Self-monitoring group: mean 2.9 
(SD 2.0) Controls: mean 2.5 (SD 
1.9)

n.a. Discriminant validity: No difference in Ex (MET x hour) between self-monitoring 
group and controls in locomotor PA (mean 2.4 SD 1.8 vs. mean 1.8 SD 1.5; 
p=0.263), non-locomotor PA (mean 0.5 SD 0.8 vs. mean 0.7 SD 0.5; p=0.348), 
total ex (mean 2.9 SD 2.0 vs. mean 2.5 SD 1.9; p=0.517), steps (mean 5805.6 SD 
3384.0 vs. mean 4910.2 SD2663.5; p= 0.412) and step times (mean 86 SD 45.6 
vs. mean 75.0 SD 34.9; p=0.453)

Gonzales et al. 2014 
[13]

(Actigraph, triaxial)

41/12/15 +25 
healthy controls

Range 8-18 n.a. n.a. Discriminant validity: PWH had higher total PA than controls (mean 652.63 SEM 
33.74 vs. mean 430.82 SEM 30.63; p<0.001). 

PWH had lower sedentary behaviour (mean 356.78 SEM 16.6 vs. 479.41; 
p<0.001), lower light PA (mean 450.24 SEM 18.68 vs. mean 339.63 SEM 19.62; 
p<0.001) and higher moderate PA (mean 8.48 SEM 1.15 vs. mean 3.36 SEM 0.86; 
p=0.001) than controls. No difference in vigorous PA (mean patients SEM 0.06 vs. 
mean controls 0.41 SEM 0.10; p>0.05)

Buxbaum et al. 2010 
[52]

(Axtritrac, biaxial)

17/9/na mean 13.71 (SD 2.1) n.a. n.a. Convergent validity: Moderate correlation between social influences and 
sedentary behaviour (r=0.59), high PA (r=-0.59) and vigorous PA (r=-0.51) and 
between self-efficacy and sedentary behaviour (r=0.57), high PA (r=-0.68) and 
vigorous PA (r=-0.78) (all p<0.05). 
Severe patients spend more time in sedentary behaviour than mild (p=0.039).

Discriminant validity: There was no difference between severe and mild in 
moderate PA (p=0.81), high PA (p=0.18) and vigorous PA (p=0.29)

Takken et al. 2010 
[53]

(Actiheart, uniaxial 
and heartrate)

63 with chronic 
disease (10 PWH)/
na/na

mean PWH 12.5 (SD 3.31) Mean energy expenditure 208.4 
(SD 118.2)

LOA with indirect 
calorimetry -144.2/ 
148.4

Criterion validity: With mixed linear regression accelerometer counts, heart 
rate above sleep and gender were significant predictors for Activity Energy 
Expenditure (indirect calorimetry)(p<0.05)

Strong correlation between indirect calorimetry and total output (r=0.81), no 
correlation with sitting behind computer (r=0.11), weak with sweeping(r= 0.27) 
and hallway walking (r= 0.31), moderate with steps (r=0.51), slow walking (r= 
0.41) and moderate walking (r=0.47), strong with fast walking (r=0.69).

FISH
Tasbihi et al. 2016 
[46]

25/100/na Median 63 (range 11-70) Median 20 (range 16-28) n.a. Convergent validity: Moderate correlation with MRI additive scale (r=- 0.537), 
weak correlation with MRI progressive scale (r=0.240) and ultrasound (r=-0.365) 
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

PedHAL
Groen et al. 2010 

[35]
Validity 22/75/75 Mean 8.9 (SD 3.1) Parents: mean 95 (SD 9; range 

69-100) Children: mean 97 (SD 7; 
range 73-100)

>50% max score

n.a. Content validity: Items considered relevant and questionnaire considered 
complete by health professionals, patients and caregivers. 

Groen et al. 2013 
[36] (E)

Reliability 22 
responsiveness 19  
Validity 29 
/86/0

Mean 13.2 (SD 4.0) Median 83.5 (IQR 47.9-90.5)

34% optimum score

No difference between 
test and retest scores 
(p=0.72).

LOA- 0.7/17.4

IC= 0.95 (CI 0.88-0.98)

Convergent validity: Strong positive correlation with FISH (r= 0.65; p<0.05). 
Moderate negative correlation with HJHS (r= -0.59; p<0.05) and CHQ-50 
(physical functioning) (r=0.40; p<0.05). No correlation with CHQ-50(behaviour) 
(r=0.36; p>0.05), CHQ-50(mental health) (r= 0.16; p>0.05) and 6MWT (r=0.13; 
p>0.05).

Radzevic et al. 2013 
[37] (F)

24/88/88 Mean 12.6 (SD 3.01) Mean 83.6 (SD 11.4; range 58.86-
97.29)

n.a. Convergent validity: Strong negative correlation with HJHS (r=-0.962; P< 0.0001) 
and 6MWT (r=0.903; P<0.0001).

Accerelometer
Goto et al. 2014 [55] 
(Omron, triaxial)

32/27/na Self- moniotoring group 
mean 41.8 (SD 8.6), control 
group mean 43.9 (SD 10.7)

Self-monitoring group: mean 2.9 
(SD 2.0) Controls: mean 2.5 (SD 
1.9)

n.a. Discriminant validity: No difference in Ex (MET x hour) between self-monitoring 
group and controls in locomotor PA (mean 2.4 SD 1.8 vs. mean 1.8 SD 1.5; 
p=0.263), non-locomotor PA (mean 0.5 SD 0.8 vs. mean 0.7 SD 0.5; p=0.348), 
total ex (mean 2.9 SD 2.0 vs. mean 2.5 SD 1.9; p=0.517), steps (mean 5805.6 SD 
3384.0 vs. mean 4910.2 SD2663.5; p= 0.412) and step times (mean 86 SD 45.6 
vs. mean 75.0 SD 34.9; p=0.453)

Gonzales et al. 2014 
[13]

(Actigraph, triaxial)

41/12/15 +25 
healthy controls

Range 8-18 n.a. n.a. Discriminant validity: PWH had higher total PA than controls (mean 652.63 SEM 
33.74 vs. mean 430.82 SEM 30.63; p<0.001). 

PWH had lower sedentary behaviour (mean 356.78 SEM 16.6 vs. 479.41; 
p<0.001), lower light PA (mean 450.24 SEM 18.68 vs. mean 339.63 SEM 19.62; 
p<0.001) and higher moderate PA (mean 8.48 SEM 1.15 vs. mean 3.36 SEM 0.86; 
p=0.001) than controls. No difference in vigorous PA (mean patients SEM 0.06 vs. 
mean controls 0.41 SEM 0.10; p>0.05)

Buxbaum et al. 2010 
[52]

(Axtritrac, biaxial)

17/9/na mean 13.71 (SD 2.1) n.a. n.a. Convergent validity: Moderate correlation between social influences and 
sedentary behaviour (r=0.59), high PA (r=-0.59) and vigorous PA (r=-0.51) and 
between self-efficacy and sedentary behaviour (r=0.57), high PA (r=-0.68) and 
vigorous PA (r=-0.78) (all p<0.05). 
Severe patients spend more time in sedentary behaviour than mild (p=0.039).

Discriminant validity: There was no difference between severe and mild in 
moderate PA (p=0.81), high PA (p=0.18) and vigorous PA (p=0.29)

Takken et al. 2010 
[53]

(Actiheart, uniaxial 
and heartrate)

63 with chronic 
disease (10 PWH)/
na/na

mean PWH 12.5 (SD 3.31) Mean energy expenditure 208.4 
(SD 118.2)

LOA with indirect 
calorimetry -144.2/ 
148.4

Criterion validity: With mixed linear regression accelerometer counts, heart 
rate above sleep and gender were significant predictors for Activity Energy 
Expenditure (indirect calorimetry)(p<0.05)

Strong correlation between indirect calorimetry and total output (r=0.81), no 
correlation with sitting behind computer (r=0.11), weak with sweeping(r= 0.27) 
and hallway walking (r= 0.31), moderate with steps (r=0.51), slow walking (r= 
0.41) and moderate walking (r=0.47), strong with fast walking (r=0.69).

FISH
Tasbihi et al. 2016 
[46]

25/100/na Median 63 (range 11-70) Median 20 (range 16-28) n.a. Convergent validity: Moderate correlation with MRI additive scale (r=- 0.537), 
weak correlation with MRI progressive scale (r=0.240) and ultrasound (r=-0.365) 
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

Kachooie et al. 2014 
[42]

133/80/ 14 Mean 26.9 (SD 14.24) n.a. n.a. Discriminant validity: The odds of being categorized as disabled increases with 
7.34 for patients with severe haemophilia (CI: 1.32-40.67), with 1.07 for every year 
in age (CI: 1.03-1.11) and with 9.75 for patients with an inhibitor (CI:1.03-92.12) 

Ingerslev et al. 2014 
[41]

40/100/33 Danish (PR) mean 23.2 (SD 
5.0) Age-matched Russian 
(OD): 22.8 (SD 4.8) All 
Russian mean 23.3 (SD 4.2)

n.a. n.a. Discriminant validity: Patients on PR scored better than age matched patients 
with OD treatment (mean 27.8 ± 0.6 vs, mean 4.8 ± 2.2; p<0.0001). No difference 
with the total OD population (mean 24.5 ± 1.9; p=0.66)

Poonnoose et al. 
2007

[29]

63/100/na Mean 14 (range 7-40) Mean 25.6 (range 7-32) Good Interrater 
reliability (ICC= 0.98). 

Convergent validity: Strong correlation with Gilbert score (r=-0.61**), HAQ 
(r=-0.75**), HAL (r=-0.66**) and WOMAC (r=-0.75**), moderate correlation with 
Pettersson score (r=-0.38**)

Tlacuilo-parra 2010 
[19]

60/38/0 + 30 
controls

Mean 10.0 (SD 4.0) Mean 25.8 (SD 3.6)

65% optimum score

n.a Discriminant validity: Severe patients had worse FISH scores than mild patients 
(mean 24.08±4.74 vs. 28±0; p<0.05) and moderate patients had worse scores 
than mild patients (26.27±2.54 vs. 28±0; p<0.05). There was no difference 
between mild patients and controls (p>0.05).

Hassan et al. 2011 
[40] 

50/50/22 mean 16 (SD 1.1) Mean 23.32 (SD 4.69; range 
13-28)

n.a. Convergent validity: Strong negative correlation with Pettersson score knee 
(r=-0.896), ankle (r=-0.877) and elbow (r=-0.848) (all p<0.001). Strong negative 
correlation with MRI knee (r=-0.973), ankle (r=-0.941) and elbow (r=-0,946) (all 
p<0.001). Strong negative correlation with BDI-SF (r=-91; p<0.001).

Discriminant validity: Lower scores in severe patients compared to moderate and 
mild (mean 20.52±3.97 vs. mean 24.37±2.43 and mean 27.90±0.32; p<0.001). 
Lower scores in patients with weekly joint bleeds compared to every 2 weeks 
(mean 16.2±2.1 vs mean 20.3±2.1; p<0.001). Higher scores in patient with regular 
FVIII compared to OD ( 27±0.8 vs. mean 18.4±2.9; p<0.001).

Groen et al. 2013 

[36] (E)
29/86/0 Mean 13.2 (SD 4.0) Median 32.0 (IQR 25.0-32.0) n.a. Convergent validity: Strong positive correlation with PedHAL (r=0.65) 

6MWT
Douma-van Riet et 
al. 2009 [12]

113/41/43 Mean 12.7 years (SD 2.9) mean z-score -0.02 (SD 0.95) n.a. Convergent validity: Not correlated with the maximum exercise test on cyclo 
ergometer (r = 0.07). 
Mean score of patients with overweight was lower than of patients with normal 
weight (zscore -0.8 (1.4) vs. 0.1 (1.0); p=0.01)

Hassan et al. 2010 
[16]

113 with chronic 
disease (47 PWH) 
/89/na

PWH mean 12.5 (SD 2.9) Mean 628m n.a. Convergent validity: Moderate correlation with age (r=0.49), height (r=0.49) and 
weight (0.34). Multiple regression analysis showed height to be the best predictor 
of 6MWD, explaining 24% of the variance. 
PWH achieved a greater distance than JIA and SB (628 vs 459 and 391m; p<0.01)

Radzevic et al. 
2013[37] (F)

24/88/88 Mean 12.6 (SD 3.01) Mean 408.46 (SD 68) n.a. Convergent validity: Strong negative correlation with PedHAL (r=0.903; 
P<0.0001).

TUG
Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 16.7 (IQR 14.7–20.4) n.a. Convergent validity: Moderate correlation with HAL sum score (r=0.59) and HAL 
domains Basic Lower Extremity (r= 0.55) and Complex Lower Extremity (r=0.62) 

Fearn et al. 2010 [49] 20/70/35 + 20 
healthy controls

Mean 39.4 (range 22-58) 
controls ages matched

Mean 11.61 (range 9.84–13.38) n.a. Convergent validity: Moderate correlations between TUG and laboratory measures of 
walking speed (r = 0.424), step width (r = 0.311) and stepping and turning sway (r = 
0.530). PWH were slower on TUG than healthy controls (11.61 sec. vs 7.78 sec; p<0.001.

Studies that report on multiple measurement tools are described for every tool separately; (A), (B), (C), (D), (E), (F) studies 
used (partly) the same patients; PR= prophylaxis; OD= on demand; TUG= Timed Up & Go; IPA= Impact on Participation and

Autonomy; AIMS2= Arthritis Impact Measurement 2; HAL= Haemophilia Activity List; PA = physical activity; LOA= Limits Of 
Agreement; n.a. = no information of sufficient quality (at least fair at COSMIN checklist) available
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Table 3. (continued)

Author N/ % severe/ % PR Age in years Distribution scores

Reliability (reliability, 
measurement error, 
internal consistency)

Validity (structural validity, discriminant validity, convergent validity, content 
validity, cross-cultural validity)

Kachooie et al. 2014 
[42]

133/80/ 14 Mean 26.9 (SD 14.24) n.a. n.a. Discriminant validity: The odds of being categorized as disabled increases with 
7.34 for patients with severe haemophilia (CI: 1.32-40.67), with 1.07 for every year 
in age (CI: 1.03-1.11) and with 9.75 for patients with an inhibitor (CI:1.03-92.12) 

Ingerslev et al. 2014 
[41]

40/100/33 Danish (PR) mean 23.2 (SD 
5.0) Age-matched Russian 
(OD): 22.8 (SD 4.8) All 
Russian mean 23.3 (SD 4.2)

n.a. n.a. Discriminant validity: Patients on PR scored better than age matched patients 
with OD treatment (mean 27.8 ± 0.6 vs, mean 4.8 ± 2.2; p<0.0001). No difference 
with the total OD population (mean 24.5 ± 1.9; p=0.66)

Poonnoose et al. 
2007

[29]

63/100/na Mean 14 (range 7-40) Mean 25.6 (range 7-32) Good Interrater 
reliability (ICC= 0.98). 

Convergent validity: Strong correlation with Gilbert score (r=-0.61**), HAQ 
(r=-0.75**), HAL (r=-0.66**) and WOMAC (r=-0.75**), moderate correlation with 
Pettersson score (r=-0.38**)

Tlacuilo-parra 2010 
[19]

60/38/0 + 30 
controls

Mean 10.0 (SD 4.0) Mean 25.8 (SD 3.6)

65% optimum score

n.a Discriminant validity: Severe patients had worse FISH scores than mild patients 
(mean 24.08±4.74 vs. 28±0; p<0.05) and moderate patients had worse scores 
than mild patients (26.27±2.54 vs. 28±0; p<0.05). There was no difference 
between mild patients and controls (p>0.05).

Hassan et al. 2011 
[40] 

50/50/22 mean 16 (SD 1.1) Mean 23.32 (SD 4.69; range 
13-28)

n.a. Convergent validity: Strong negative correlation with Pettersson score knee 
(r=-0.896), ankle (r=-0.877) and elbow (r=-0.848) (all p<0.001). Strong negative 
correlation with MRI knee (r=-0.973), ankle (r=-0.941) and elbow (r=-0,946) (all 
p<0.001). Strong negative correlation with BDI-SF (r=-91; p<0.001).

Discriminant validity: Lower scores in severe patients compared to moderate and 
mild (mean 20.52±3.97 vs. mean 24.37±2.43 and mean 27.90±0.32; p<0.001). 
Lower scores in patients with weekly joint bleeds compared to every 2 weeks 
(mean 16.2±2.1 vs mean 20.3±2.1; p<0.001). Higher scores in patient with regular 
FVIII compared to OD ( 27±0.8 vs. mean 18.4±2.9; p<0.001).

Groen et al. 2013 

[36] (E)
29/86/0 Mean 13.2 (SD 4.0) Median 32.0 (IQR 25.0-32.0) n.a. Convergent validity: Strong positive correlation with PedHAL (r=0.65) 

6MWT
Douma-van Riet et 
al. 2009 [12]

113/41/43 Mean 12.7 years (SD 2.9) mean z-score -0.02 (SD 0.95) n.a. Convergent validity: Not correlated with the maximum exercise test on cyclo 
ergometer (r = 0.07). 
Mean score of patients with overweight was lower than of patients with normal 
weight (zscore -0.8 (1.4) vs. 0.1 (1.0); p=0.01)

Hassan et al. 2010 
[16]

113 with chronic 
disease (47 PWH) 
/89/na

PWH mean 12.5 (SD 2.9) Mean 628m n.a. Convergent validity: Moderate correlation with age (r=0.49), height (r=0.49) and 
weight (0.34). Multiple regression analysis showed height to be the best predictor 
of 6MWD, explaining 24% of the variance. 
PWH achieved a greater distance than JIA and SB (628 vs 459 and 391m; p<0.01)

Radzevic et al. 
2013[37] (F)

24/88/88 Mean 12.6 (SD 3.01) Mean 408.46 (SD 68) n.a. Convergent validity: Strong negative correlation with PedHAL (r=0.903; 
P<0.0001).

TUG
Van Genderen et al. 
2006 [31] (A)

127/100/na Median 42.0 (IQR 31.0-
51.0)

Median 16.7 (IQR 14.7–20.4) n.a. Convergent validity: Moderate correlation with HAL sum score (r=0.59) and HAL 
domains Basic Lower Extremity (r= 0.55) and Complex Lower Extremity (r=0.62) 

Fearn et al. 2010 [49] 20/70/35 + 20 
healthy controls

Mean 39.4 (range 22-58) 
controls ages matched

Mean 11.61 (range 9.84–13.38) n.a. Convergent validity: Moderate correlations between TUG and laboratory measures of 
walking speed (r = 0.424), step width (r = 0.311) and stepping and turning sway (r = 
0.530). PWH were slower on TUG than healthy controls (11.61 sec. vs 7.78 sec; p<0.001.

Studies that report on multiple measurement tools are described for every tool separately; (A), (B), (C), (D), (E), (F) studies 
used (partly) the same patients; PR= prophylaxis; OD= on demand; TUG= Timed Up & Go; IPA= Impact on Participation and

Autonomy; AIMS2= Arthritis Impact Measurement 2; HAL= Haemophilia Activity List; PA = physical activity; LOA= Limits Of 
Agreement; n.a. = no information of sufficient quality (at least fair at COSMIN checklist) available
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on measurement error, responsiveness, interpretability, cross-cultural validity of the self-

reported tools and validity of performance based tools that are able to assess limitations 

in leisure and sports activities. Furthermore, weak to moderate correlations between 

self-reported and performance based measures of activities and participation suggest 

that different constructs are being measured and that there is a need to use both for full 

assessment [4]. Although in this study no difference was made between (items within) 

tools measuring activities or participation, both aspects should be represented in a core 

outcome set. Future studies should investigate to what extent the included tools measure 

activities or participation. Finally, in all selected studies functioning in a steady state 

condition was measured. Further research towards measurement tools which assess and 

monitor recovery after an acute bleed is needed in order to guide treatment of an (sub)

acute bleed. 

Conclusion
Several self-reported and performance based measurement tools are available to assess 

activities and participation in PWH. Albeit based on limited evidence, the measurement 

properties of the PedHAL, HAL and FISH are currently considered most satisfactory. Based 

on the review, we recommend the PedHAL and HAL as self-reported measurement tools 

to measure self-perceived limitations in activities and the FISH as performance based tool 

to measure independence in daily activities, transfers and mobility.
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ABSTRACT
Introduction
Joint bleeds in patients with haemophilia may result in haemophilic arthropathy. 

Monitoring joint health is essential for identifying early signs of deterioration and allow 

timely adjustment of treatment. 

Aim
The aim was to describe changes in joint health over 5-10 years follow-up and identify 

factors associated with joint health deterioration in patients with haemophilia. 

Methods
A post-hoc analysis was performed from previous cohort studies in patients with moderate/

severe haemophilia, ≥16 years. Joint health of ankles, knees and elbows was measured 

with the Haemophilia Joint Health Score (HJHS) from 2006-2008 (T0) to 2011-2016 (T1). 

Analyses were performed on patient level (ΔHJHS-total) and joint level (ΔHJHS-joint). 

Deterioration was defined as ΔHJHS-total ≥4 and ΔHJHS-joint ≥2. 

Results
Sixty-two patients (median age 25, 73% severe haemophilia, median [interquartile range] 

0.0 [0.0;2.0] joint bleeds between T0-T1) were included. After median 8 years, HJHS-total 

deteriorated in 37% and HJHS-joint in 17%. Ankle joints (31%) showed deterioration more 

often than elbows (19%) and knees (3%). Deterioration of HJHS-total was only associated 

with severe haemophilia. Deterioration of HJHS-joint was weakly associated with a lower 

HJHS at baseline and more self-reported limitations in activities, and strongly with more 

joint bleeds between T0-T1 and presence of synovitis. 

Conclusion
In 37% of patients with moderate/severe haemophilia and low joint bleeding rates, joint 

health deteriorated over 5-10 years. Ankle and elbow joints showed deterioration most 

frequently. Factors found in the current study help to identify which joints need frequent 

monitoring in patients with haemophilia with access to early prophylaxis.
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INTRODUCTION
Persons with haemophilia (PWH) experience intra-articular and intramuscular bleeding; 

eventually joint bleeds may result in haemophilic arthropathy (HA) [1]. The mechanism 

of HA is multifactorial; joint bleeds affect cartilage directly, as well as indirectly through 

synovial inflammation [2]. HA leads to pain, loss of range of motion and muscle atrophy 

resulting in loss of activities and restrictions in participation [1,3]. In the Netherlands 

prophylactic clotting factor replacement therapy was introduced in 1968. This medical 

treatment is proven to be effective: it prevents bleeds and subsequent arthropathy [4,5]. 

Monitoring joint health is essential for identifying early signs of deterioration as it enables 

adjustments in clotting factor replacement therapy, physical therapy, use of walking aids 

or prescription of braces to limit further decline. Previous studies detected no or minimal 

changes in joint health over the years measured with the radiologic Pettersson score and 

World Federation of Hemophilia (WFH) physical examination score in patients treated with 

prophylaxis [6,7]. However, early joint alterations remain undetected on the Pettersson score 

as X-ray only shows osteochondral changes [8]. Furthermore, in a paediatric population 

the WFH physical examination score is less sensitive than the Haemophilia Joint Health 

Score (HJHS), which is developed more recently [9] and is the recommended tool for routine 

patient follow-up assessments of joint health [10]. The WFH guidelines recommend annual 

use of the HJHS during regular evaluations [1], although assessment must be performed 

by a trained physiotherapist and is time consuming. Data on the occurrence and rate of 

deterioration in HJHS scores in adults with low bleeding rates are lacking. Identifying 

patients and/or joints at risk for deterioration may help individualize monitoring schedules 

and promote efficiency without jeopardizing the quality of care.

Known factors related to joint health in haemophilia are severity of disease, use of 

prophylactic clotting factor replacement, number of joint bleeds, radiological status, 

synovitis and Body Mass Index (BMI) [1,2,4,11]. In addition, limitations in activities could 

predict joint health deterioration, as demonstrated in patients with osteoarthritis [12].

The aim of this study was to describe changes in joint health over a five to ten years 

follow-up and identify factors associated with joint health deterioration in adult patients 

with moderate or severe haemophilia. 

METHODS
Study design and study population
This study was a post-hoc analysis using HJHS data collected for previous cohort studies 

and data from medical files. Studies used for our post-hoc analysis reported the HJHS in 

patients with moderate (1-5 IU/dL factor VIII/IX activity) or severe (<1 IU/dL factor VIII/IX 

activity) haemophilia treated at the Van Creveldkliniek in Utrecht. In this study we included 



MONITORING JOINT HEALTH 

142

6

data of subjects with two HJHS measurements with an interval of at least five years. For 

each subject the last available HJHS score was selected to get the follow-up period as 

long as possible. Patients aged <16 years at first measurement were excluded.

Regardless of study participation, all patients visited the clinic at least annually, including 

evaluation and documentation of treatment and bleeding. The HJHS at T0 was derived 

from the studies by Den Uijl et al. (2013, 2014) and Fischer et al. (2013) [13-15]. For 

the follow-up measurement (T1) the HJHS was derived from the studies by Nijdam et al. 

(2016) [16] and routine measurements documented in medical files. This resulted in a data 

collection period from January 2006 – August 2008 (T0) up to November 2011 – May 2016 

(T1). These previous studies were approved by the Medical research ethics committee 

(MREC) of the University Medical Centre Utrecht (06-248, 06-002, 11-442) and informed 

consent included permission for subsequent analyses of joint outcome data. 

The potential factors self-reported limitations in activities (Haemophilia Activity List [HAL]) 

and radiological status were obtained from Den Uijl et al. (2013), Den Uijl et al. (2014) 

and Fischer et al. (2013) [13-15]. In addition, patient characteristics, severity of disease, 

number of joint bleeds, use of prophylaxis, presence of synovitis and BMI were extracted 

from patient logs and medical files. 

Measurements
Outcome
The primary outcome was joint health of elbows, knees and ankles measured with the HJHS 

2.1, which consists of eight item scores on joint level and a global gait score. Scores range 

from 0 to 20 per joint and the global gait score ranges from 0 to 4, resulting in a HJHS-total 

score (0 to 124). A higher score indicates worse joint health [17]. In this study the HJHS-

total score and the HJHS-joint scores of the HJHS version 2.1 were reported. Scores of 

T0 were measured with HJHS 1.0 and were converted to HJHS 2.1 by recoding of original 

range of motion data according to the manual. 

Since this tool was developed for detection of early joint changes the manual of the HJHS 

does not prescribe how items have to be scored in case of joint replacement or arthrodesis 

[17]. It was decided to score joints after joint replacement or arthrodesis similar to 

joints without joint replacement or arthrodesis, and to correct for a history of surgery in 

the statistical analyses.

Factors associated with joint health deterioration
Disease severity and medication use: Severity of disease was reported as moderate 

or severe. The use of prophylactic clotting factor between T0 and T1 was reported in 

four categories: (1) no prophylaxis, (2) continuous prophylaxis, (3) non-compliant use of 
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prophylaxis (according to the notes in the medical file) and (4) change from prophylactic 

clotting factors to on demand use or vice versa. 

Joint bleeds: The number of joint bleeds between T0 and T1 was reported per joint for 

elbows, knees and ankles. Joint bleeds were defined as any complaint in elbows, knees or 

ankles requiring treatment with clotting factor concentrate. 

Joint status: Joint health at baseline (T0) was measured with the HJHS 2.1 [17]. 

The radiological status of the joints at baseline (T0) was scored by means of the Pettersson 

score [18]. Knees, elbows and ankles were evaluated with a maximum score of 13 points per 

joint. Higher scores reflect more severe arthropathy [18]. Pettersson scores available within 

2.5 years of T0 measurement of the HJHS were included. For consistency, all Pettersson 

scores were performed by two radiologists. The presence of synovitis between T0 to T1 

was reported per joint. Synovitis was considered present when documented in the patient 

file and treated according to the local synovitis protocol in which synovitis is defined as 

a painless swelling and warmth of the joint on clinical exam.

Age, BMI and limitations in activities: Age in years was reported at baseline. BMI (kg/m2) 

was calculated with the height and weight. Self-reported limitations in activities at baseline 

(T0) were measured with the HAL [19,20]. The HAL is a validated 42-item haemophilia-

specific self-administered questionnaire assessing self-reported limitations in activities in 

eight domains. Normalized scores range from 0 to 100, where 100 represents no limitations 

in activities [20]. 

Patient characteristics
Type of disease (haemophilia A or B), regimen of prophylaxis, presence of Hepatitis C 

Virus and/or Human immunodeficiency virus and history of surgery (joint replacement or 

arthrodesis) were reported as patient characteristics. 

Statistical analyses
Descriptive results were presented as proportions or medians (interquartile ranges [IQR]). 

Analyses were conducted on patient level (HJHS-total) and joint level (HJHS-joint). To 

account for correlation of joint scores within patients, all analyses on joint level were 

performed using multilevel models [21]. Change (Δ) scores between T0 and T1 were 

calculated for the HJHS-total score, HJHS-joint score and for the elbow, knee and ankle 

joints separately (ΔHJHS = HJHS T1 – HJHS T0). Cut-off points for clinical relevant changes 

were ≥|4| for the HJHS-total score and ≥|2| on joint level. Cut-off points were based on 

expert opinion (KF, MT) and a published range of 0-3 points on the HJHS-total score in 

young adults without haemophilia [22]. Differences in HJHS-total scores between T0 and 

T1 were tested by the non-parametric Wilcoxon signed-rank test. At joint level differences 
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in HJHS scores were tested with a univariate three-level regression including the level 

measurement point, patient and joint. 

Individual factors associated with ΔHJHS-total score were determined with univariate 

linear regression analyses. Multicollinearity between the determinants was checked. 

Subsequently, to determine factors associated with the ΔHJHS-total score a multivariate 

linear regression analysis was performed. Determinants were selected stepwise backward. 

Variables were removed if p>0.10. 

Factors associated with ΔHJHS-joint score were determined with univariate and multivariate 

two-level regression analyses, including adjustment for joint type (elbow, knee or ankle). 

The best fitting model was chosen based on the lowest Akaike Information Criterium (AIC) 

value [21]. All analyses for determining factors associated with ΔHJHS were adjusted for 

time between HJHS measurement at T0 and T1 and history of joint surgery. Unstandardized 

β with 95% confidence intervals (95%-CI) were presented.

Sensitivity analyses were done with other cut-off scores (ΔHJHS-joint ≥|3|, ΔHJHS-total 

|≥|6) for HJHS changes. In addition, the multivariate two-level regression was performed 

excluding the joints with a history of surgery.

Multiple imputations were used to impute missing data in this study [23]. Ten imputed data 

sets were created, which were analyzed separately. The results of the ten analyses were 

combined with the Rubin’s rules [23]. 

SPSS version 22 was used for the statistical analyses. 

RESULTS
Patients and joint characteristics 
Sixty-two patients were included in this post-hoc analysis. Table 1 and 2 show the patient 

and joint characteristics. Median age at baseline was 25.1 (mean age 28.4), ranging from 

16 to 58 years. Forty-five patients had severe haemophilia. The follow-up period varied 

from 5.1 to 10.1 years, with a median of 8.0 years. A total of 372 joints were measured, 

including nine joints after total joint replacement or arthrodesis. About half of the joints 

(47.8%) had ≥1 joint bleed between T0 and T1. The percentage of joints with ≥1 joint 

bleed and the median number of joint bleeds was highest for the ankle joints. Pettersson 

scores and HAL scores were missing for respectively 45.2% (n=28) and 22.6% (n=14) of 

the patients. Joint bleeds of the elbows and knees were missing in 3.2% (n=2) and of 

the ankles in 4.8% (n=3) of the patients. Missing data were Missing at Random (MAR).
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Change in HJHS
Changes in HJHS-total scores (ΔHJHS ≥|4|) and HJHS-joint scores (ΔHJHS ≥|2|) are shown 

in Figure 1. HJHS-total score increased significantly (p<0.001) from a median of 8.5 (IQR 

3.8;14.8) at T0 to 11.0 (IQR 4.0;19.0) at T1. In 37.1% (n=23) of the patients the HJHS-

total score increased by a minimum 4 points over time. HJHS-joint score remained 

stable with median scores of 0.0 (IQR 0.0;2.0) at T0 to 0.0 (IQR 0.0;3.0) at T1. In 17.5% 

(n=65) of the joints the HJHS-joint score deteriorated by a minimum of 2 points. Ankle 

joints (30.6%) showed deterioration more often than the elbows (18.5%) and knees 

Table 1. Patient characteristics

Patient characteristics (n=62) Median (IQR), n (%)

Age (years) 25.1 (20.8 ; 33.4)
Body Mass Index (kg/m2) 24.0 (22.3 ; 27.4)
Haemophilia A 56 (90.3)
Severe haemophilia 45 (72.6)
Clotting factor
 No prophylaxis 17 (27.4)
 Continuous prophylaxis 23 (37.1)
 Non-compliant use of prophylaxis 14 (22.6)
 Change prophylaxis to on demand or vice versa 8 (12.9)
Frequency of prophylaxis per week 3.0 (2.3 ; 3.0)
Dose of prophylaxis, IU 1000 (1000 ; 1000)
HCV-positive 12 (19.4)
HIV-positive 4 (6.5)
History of joint surgery 6 (9.7)

HCV = Hepatitis C Virus; HIV = Human immunodeficiency virus; HJHS = Haemophilia Joint Health Score.

Table 2. Joint characteristics at baseline and during follow-up

Median (IQR), %

Elbow 
(n=124)

Knee  
(n=124)

Ankle  
(n=124)

Total  
(n=372)

Baseline characteristics
HJHS 0.0 (0.0 ; 2.0) 0.0 (0.0 ; 1.0) 1.0 (0.0 ; 3.0) 0.0 (0.0 ; 2.0)
HJHS-joint level score ≥ 2 27.4 15.3 38.7 17.5
During follow-up (T0 – T1)
Joint bleeds 0.0 (0.0 ; 2.0) 0.0 (0.0 ; 1.0) 1.0 (0.0 ; 3.0) 0.0 (0.0 ; 2.0)
≥ 1 joint bleed 45.2 41.9 56.5 47.8
Synovitis 4.0 2.4 3.2 3.2
Before and during follow-up period
History of joint surgery 0.8 1.6 4.8 2.4

HJHS = Haemophilia Joint Health Score.
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(3.2%). The HJHS scores for knee joints did not change significantly from T0 to T1  

(3.2% deterioration, p=0.060). 

Improvement of joint health was found in a small proportion of the patients and joints 

(9,7% and 8,3%, respectively). Sensitivity analyses of the cut-off scores (ΔHJHS-total ≥|6| 

and ΔHJHS-joint ≥|3|) showed higher rates of joints stayed constant (HJHS-total 66.1%, 

elbow 86.3%, knee 92.7% and ankle 71.8%). Ankle and elbow joints deteriorated more 

often. In addition, a flow chart (Figure 2) was made to show the follow-up of joints without 

joint impairment at baseline. Of the joints without impairment (HJHS-joint ≤1) at baseline, 

with ≤1 joint bleed and no synovitis during follow-up, 91.9% of the joints maintained 

HJHS-joint scores ≤1 at T1.

Factors associated with joint health deterioration
Multicollinearity was found between radiological status and joint health at baseline. Since 

joint health is more often available in daily care, joint health at baseline was included in 

the multivariate analyses. Use of prophylaxis correlated with severity of disease. Because 

use of prophylaxis correlated most with the other factors, this factor was not included in 

the multivariate analyses. 

Factors associated with overall change in joint health over time
Univariate linear regression analyses resulted in two factors significantly associated 

with ΔHJHS; severity of disease and total number of joint bleeds between T0-T1. In 

 

Figure 1. Change in Haemophilia Joint Health Score (HJHS)- total score and joint scores. ∆ 
HJHS- total score deterioration ≥4; improvement ≥−4; constant from −3 to 3. ∆ HJHS- joint 
score deterioration ≥2; improvement ≥−2; constant from −1 to 1. * = 3.2% 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Observed development of HJHS- joint scores in non- impaired joints, stratified by 
reported joint bleeds (>1) and presence of synovitis during a 5- to 10- year follow- up. + 
present; − absent. Complete case analysis for joints. HJHS, Haemophilia Joint Health Score 
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Figure 1. Change in Haemophilia Joint Health Score (HJHS)- total score and joint scores. Δ HJHS- total 
score deterioration ≥4; improvement ≥−4; constant from −3 to 3. Δ HJHS- joint score deterioration 
≥2; improvement ≥−2; constant from −1 to 1. * = 3.2%
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the multivariate linear regression model severe haemophilia was the only factor associated 

with joint health deterioration (β [95%-CI]: 4.60 [1.07;8.13], p=0.011). The univariate 

and multivariate linear regression models studying the potential factors associated with 

ΔHJHS-total score are presented in the supplementary table 1.

Factors associated with change in joint health on joint level over time
The multivariate two-level regression models of factors associated with ΔHJHS-joint score 

are presented in Table 3, data on the univariate two-level regression models are shown 

in supplemental table 2. Univariate two-level regression analyses resulted in six factors 

significantly associated with ΔHJHS; severity of disease, joint health at baseline, limitations 

in activities, joint type , number of joint bleeds and presence of synovitis . In the multivariate 

two-level regression analyses six factors were independently associated with deterioration 

of HJHS-joint; better joint health at baseline, lower BMI, more limitations in activities, 

joint type, higher number of joint bleeds and presence of synovitis. The association 

between ΔHJHS and time between T0 and T1 was not significant (p=0.179), signifying 

that follow-up times of five or ten years did not influence the HJHS scores. Random slopes 

for the variables number of joint bleeds and joint health at baseline were added, which 

improved the model fit. 

The sensitivity analysis of the multivariate two-level regression model excluding the joints 

with a history of joint surgery yielded similar results.

Figure 2. Observed development of HJHS- joint scores in non- impaired joints, stratified by reported 
joint bleeds (>1) and presence of synovitis during a 5- to 10- year follow- up. + present; − absent. 
Complete case analysis for joints. HJHS, Haemophilia Joint Health Score 



MONITORING JOINT HEALTH 

148

6

DISCUSSION
This study describes changes in joint health in PWH over a five to ten years period as 

measured by the HJHS. After a median of 8.0 years HJHS scores decreased in 37.1% of 

patients (≥4 points) and in 17.5% of joints (≥2 points). Deterioration was most prevalent in 

ankle joints (30.6%). The majority (91.9%) of joints without impairment at baseline, with ≤1 

joint bleed and no synovitis during follow-up showed no deterioration during five to ten 

years follow-up.

Both on HJHS-total and HJHS-joint level factors associated with change in joint health 

were identified. Patients with severe haemophilia were more likely to show deterioration 

on the HJHS-total score than patients with moderate haemophilia. No other factors were 

associated with deterioration of the HJHS-total score. At joint level, the presence of 

synovitis, joint type and increased joint bleeds were the most important factors associated 

with deterioration. This information may be used to determine which joints need more 

frequent monitoring

Internal and external validity
Results of the present study depend on both the population included and psychometric 

properties of the HJHS, which have not been widely investigated for adult PWH. 

Table 3. Multivariate two-level regression model for Δ Haemophilia Joint Health Score (HJHS) at joint level 

Potential factors β (95%-CI)a p-value

Baseline characteristics
Severe haemophilia (compared to moderate) — —
Joint health (per point) -0.31 (-0.45 ; -0.18) <0.001
Age (per year) — —
Body Mass Index (per kg/m2) -0.05 (-0.11 ; +0.01) 0.093
Limitations in activities (HAL, per point) -0.04 (-0.07 ; -0.02) <0.001
Joint type (knee = reference)
Elbow 0.54 (+0.12 ; +0.97) 0.012
Ankle 1.23 (+0.79 ; +1.66) <0.001
During follow-up (T0 – T1)
Joint bleeds (per bleed) 0.21 (+0.10 ; +0.33) <0.001
Presence of synovitis 1.78 (+0.54 ; +3.01) 0.005
Parameters used for adjustment of the model
Time between HJHS measurement (per year) -0.13 (-0.28 ; +0.03) 0.112
History of joint surgery 1.19 (-0.54 ; +2.91) 0.179

Interpretation: After median 8.0 years, the HJHS-joint score increases by 1.05 points after 5 joint bleeds; 1.78 
points in case of presence of synovitis; 0.54 and 1.23 points in elbow and ankle joints respectively compared to 
knee joints. The HJHS-joint score deteriorated less when patients had more joint impairment at baseline: i.e. 0.93 
points less when the HJHS at T0 was 3 points higher. In addition, the HJHS deteriorated only 1 point when Body 
Mass Index was 20 kg/m2 higher and 1 point when the HAL was 25 points higher.
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The majority of the study population had very limited joint changes and low bleeding rates 

(median number of joint bleeds 0.0/joint [IQR 0.0;2.0] during follow up of median 8 years) 

due to access to early prophylaxis. This is the population that the HJHS was designed for, 

but limits representiveness of these findings in settings with more prevalent arthropathy 

and/or higher bleeding rates. 

In this study several patients had undergone joint surgery. Currently the HJHS manual does 

not give directions on how to score joints after surgery. Since the HJHS is recommended 

for adult patients nowadays, agreement among health professionals and researchers 

about scoring of joints in patients after joint surgery is needed. Given the uncertainty how 

to scores these joint, we performed a sensitivity analysis, which showed similar results. 

For this longitudinal study with limited change rates adequate responsiveness of the HJHS 

is essential. Currently, information on responsiveness is still insufficient but the evidence 

regarding responsiveness is emerging. The HJHS was able to measure improvement in 

joint health three months after radiosynovectomy [24] and was able to distinguish between 

severe and non-severe haemophilia and different treatment groups [9,13,16,25]. In 

the current study, sensitivity analysis of the cut-off scores for changes of the HJHS showed 

that higher cut-off scores resulted in more joints which are indicated as stable joints.

Finally, in the present study HJHS assessments were performed by two physical therapists 

who were experienced with the HJHS and trained together to calibrate HJHS assessment.

While most studies analyze joint health at patient level, we focused on both patient and 

joint level. Since most joints were unaffected, HJHS sum scores were low. Analyses at joint 

level gave more specific information about joint conditions. The more direct association of 

joint specific factors on joint health may explain why at total and joint level different factors 

were associated with HJHS changes.

Comparison with other studies
In the current study most patients showed minimal HJHS changes over time. This is in line 

with the minimal changes in joint health measured with the WFH physical examination 

score and radiologic Pettersson score in previous reports on young adults in Sweden and 

the Netherlands, who also have access to early prophylaxis [6,7]. 

The observation that the ankle was the most affected joint in the current study is in 

accordance with earlier observations [26]. It is hypothesized that physical abilities and 

activity levels of PWH increased after the institution of early prophylactic replacement 

therapy. The increased participation in sports and activities could have resulted in higher 

impact on ankle joints and thus a higher bleeding frequency in ankles compared to knees 
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and elbows [26]. The number of bleeds at joint level during 8 years of follow-up was very 

low and only ankles, knees and elbows were considered. Overall joint bleed rates were not 

calculated and cannot be compared with other studies.

Clinical implications and future research
Results suggest that not all patients need high frequent monitoring of all six joints by 

means of a complete HJHS. Time was not associated with joint health deterioration during 

a follow-up of five to ten years. This implicates that monitoring all six joints every five years 

in PWH on long-term prophylaxis with low bleeding rates seems to be a safe interval when 

there are no reported bleeds or synovitis. However, less frequent monitoring of joints will 

only be safe in the presence of reliable and timely bleeding reporting. Particularly joints 

suffering from repeated bleeding and/or synovitis are at risk for deterioration and should 

be closely and frequently monitored. The three factors better joint health at baseline, 

lower BMI and more self-reported limitations in activities were of minor interest for clinical 

practice because of small coefficients. In the absence of data on the optimum interval 

for monitoring joint health following synovitis and/or frequent bleeding, we suggest to 

follow the WFH guidelines and recommend monitoring these joints at least annually. 

Less frequent monitoring of joints without bleeding/synovitis saves time that can be used 

for efficient care in acute situations in PWH, especially by physical therapists. For more 

exact determination of the optimum interval, we suggest a study including more frequent 

measurements in this patient group. Although systematic and repeated joint health 

assessment by a trained physiotherapist does not directly improve joint health, it allows for 

early detection of changes and therefore adaptation of prophylactic treatment initiation 

of physiotherapy treatment. Moreover, confronting PWH with joint changes may promote 

adherence to prophylaxis [27].

CONCLUSION
Joint health deteriorated over 5-10 years in 37.1% of the patients with moderate or severe 

haemophilia and low joint bleeding rates. Ankle and elbow joints showed deterioration 

most frequently. Deterioration in joint health was associated with joint type, increased 

joint bleeding and presence of synovitis. Joints without impairment that suffered ≤1 joint 

bleed and no synovitis during follow-up remained healthy during five to ten years follow-

up. Monitoring all six joints every five years seems to be a safe interval when there are no 

reported bleeds or synovitis in PWH with access to early prophylaxis.
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SUPPLEMENTAL MATERIAL

Supplemental table 1. Univariate and multivariate linear regression models for Δ Haemophilia Joint 
Health Score (HJHS) total score

Potential factors

Univariate linear  
regression model

Multivariate linear  
regression model

β (95%-CI) p-value β (95%-CI) p-value

Baseline characteristics
Severe haemophilia (compared to 
moderate)

4.60 (+1.00 ; +8.20) 0.013 4.60 (+1.07 ; +8.13) 0.011

Joint health (per point) 0.02 (-0.20 ; +0.23) 0.892 — —
Age (per year) -0.06 (-0.24 ; +0.12) 0.481 — —
Body Mass Index (per kg/m2) -0.18 (-0.63 ; +0.27) 0.422 — —
Limitations in activities  
(HAL, per point)

-0.10 (-0.28 ; +0.09) 0.292 — —

During follow-up (T0 – T1)
Joint bleeds (per bleed) 0.19 (+0.00 ; +0.37) 0.046 — —
Presence of synovitis 2.02 (-2.61 ; +6.66) 0.386 — —
Parameters used for adjustment 
of the model
Time between HJHS measurement 
(per year) 

-0.70 (-1.86 ; +0.46) 0.233 -0.89 (-1.97 ; +0.21) 0.112

History of joint surgery 5.42 (-0.21 ; +11.04) 0.059 5.69 (+0.42 ; +10.97) 0.034

Interpretation: After median of 8.0 years, the HJHS total score increased by 4.60 points in patients with severe 
haemophilia compared to patients with moderate haemophilia.
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Supplemental table 2. Univariate and multivariate linear regression models for Δ Haemophilia Joint 
Health Score (HJHS) joint score

Factors

Univariate two-level 
regression model

Multivariate two-level 
regression modela

β (95%-CI) p-value β (95%-CI) p-value

Baseline characteristics
Severe haemophilia (compared to 
moderate)

0.56 (+0.00 ; +1.12) 0.049 — —

Joint health (per point) -0.16 (-0.31 ; -0.01) 0.042 -0.31 (-0.45 ; -0.18) <0.001
Age (per year) 0.01 (-0.02 ; +0.03) 0.695 — —
Body Mass Index (per kg/m2) -0.03 (-0.09 ; +0.04) 0.451 -0.05 (-0.11 ; +0.01) 0.093
Limitations in activities  
(HAL, per point)

-0.04 (-0.06 ; -0.01) 0.004 -0.04 (-0.07 ; -0.02) <0.001

Joint type (knee = reference)
 Elbow 0.69 (+0.18 ; +1.20) 0.008 0.54 (+0.12 ; +0.97) 0.012
 Ankle 1.43 (+0.91 ; +1.94) <0.001 1.23 (+0.79 ; +1.66) <0.001
During follow-up (T0 – T1)
Joint bleeds (per bleed) 0.18 (+0.06 ; +0.31) 0.003 0.21 (+0.10 ; +0.33) <0.001
Presence of synovitis 1.89 (+0.63 ; +3.15) 0.003 1.78 (+0.54 ; +3.01) 0.005
Parameters used for adjustment of the model
Time between HJHS measurement 
(per year)

-0.12 (-0.29 ; +0.06) 0.192 -0.13 (-0.28 ; +0.03) 0.112

History of joint surgery -0.80 (-2.28 ; +0.67) 0.285 1.19 (-0.54 ; +2.91) 0.179

a Variances of the model for the random effects were: intercept 0.24; slope number of joint bleeds 0.10; slope joint 
health at T0 0.07. The residual variance was 2.57. 
Interpretation: After median 8.0 years, the HJHS joint score increases by 1.05 points after 5 joint bleeds; 1.78 
points in case of presence of synovitis; 0.54 and 1.23 points in elbow and ankle joints respectively compared to 
knee joints. The HJHS joint score deteriorated less when patients had more joint impairment at baseline: i.e. 0.93 
points less when the HJHS at T0 was 3 points higher. In addition, the HJHS deteriorated only 1 point when BMI 
was 20 kg/m2 higher and 1 point when the HAL was 25 points higher.
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INTRODUCTION
Joint bleeds in patients with haemophilia cause synovial hypertrophy and direct blood-

related osteochondral changes. The ankles, knees and elbows are the most affected joints. 

To assess osteochondral changes in these joints the radiologic Pettersson Score (1980) 

[1] and the clinical Gilbert score (1993) [2] were developed. With the use of prophylactic 

replacement therapy the emphasis is on prevention of joint changes. As both scores 

are unable to detect early joint changes, the Gilbert score was further developed into 

the more sensitive Haemophilia Joint Health Score (HJHS) (2006)[3] and haemophilia-

specific ultrasound protocols were introduced to assess synovial hypertrophy and cartilage 

defects. The “Haemophilia Early Arthropathy Detection with UltraSound” (HEAD-US) 

protocol has been developed for non-radiologists, enabling direct assessment of joint 

health in conjunction with history taking and physical examination[4]. 

Discrepancies between clinical function and imaging of haemophilia arthropathy (HA) 

are well known. In children with moderate or severe haemophilia on prophylaxis routine 

ultrasound examination according to the HEAD-US protocol has shown to be able 

to detect osteochondral changes in joints without abnormalities on the HJHS and to 

evaluate whether minimal findings might be caused by osteochondral changes[5]. Yet in 

adults, the value of HEAD-US in addition to HJHS has not yet been reported. The aim of 

the current study is to explore the added value of routine HEAD-US examination after 

HJHS examination in adults with haemophilia.

METHODS
A retrospective cohort study was conducted using medical health records of adult 

patients with haemophilia collected during multidisciplinary check-up visits at the van 

Creveldkliniek at University Medical Center Utrecht between June 2015 and September 

2015. Patients were excluded if they were wheelchair dependent, had a joint or muscle 

bleed < 6 weeks prior to the assessment or underwent orthopedic surgery < 24 months 

prior to the assessment. No restrictions were made for severity of heamophilia. The study 

was approved by the Institutional Review Board of the University Medical Center Utrecht, 

The Netherlands.

During the check-ups both elbows, knees and ankles were examined according to the HJHS 

version 2.1 by a single physiotherapist (MT) with extensive experience with the HJHS. For 

each joint swelling (0-3), duration of swelling (0-1), atrophy (0-2), crepitus (0-2), range of 

motion (ROM) (flexion 0-3; extension 0-3), strength (0-4) and pain (0-2) were evaluated, 

adding up to a score between 0-20 per joint. Higher scores indicate worse joint function. 

Directly after HJHS examination HEAD-US assessment was performed by one medical 

doctor (WF) [4]. The operator was trained according to the formal HEAD-US courses, 

including one initial training and two advanced HEAD-US courses. The HEAD-US protocol 
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allows for the assessment and scoring regarding the degree of synovial hypertrophy (0-2), 

cartilage damage (0-4) and abnormalities of subchondral bone (0-2). Possible scores range 

from 0-8, with higher scores indicating more abnormalities. A single ultrasound scanner 

(Esaote, type MyLab25 Gold, Italy) with a linear probe (7.5-12.0MHz) was used for all 

assessments. 

Medians with interquartile ranges (IQR) or percentages with 95% confidence intervals 

(CI) were calculated for patient and joint characteristics. Spearman’s correlation was used 

to analyse whether HJHS scores were associated with HEAD-US scores. Correlations of 

HJHS joint-scores within patients were checked by calculating the intraclass correlation 

coefficient in order to decide if a multilevel model needed to be applied. 

RESULTS
In total, 76 joints of 15 patients were assessed. Fourteen joints (2 elbows, 4 knees, 8 

ankles) could not be assessed because of joint replacement or arthrodesis and were 

therefore excluded. Median age of patients was 53 years (range 21-65). Median score 

on both HJHS and HEAD-US was 0 (range 0-12 and 0-8 respectively). The HJHS showed 

positive scores in 30/76 joints (39%). Abnormalities on HEAD-US were found in 27/76 

joints (36%). Characteristics of patients and joints are shown in table 1. 

A strong correlation was found between HJHS and HEAD-US for all joints (r=0.88, CI 0.82-

0.92) and separately for ankles (r=0.65, CI 0.51-0.76), knees (r=0.98, CI 0.97-0.99) and 

elbows (r=0.81, CI 0.72-0.87). Intraclass correlation coefficients of HJHS joint-scores within 

patients were estimated as < 0.1; therefore it was decided to perform analyses on joint level 

without including a multilevel analysis. Discrepancies between HJHS and HEAD-US were 

found in 5/76 (7%, CI 2-15) joints. Of the joints without abnormalities on the HJHS only 

1/46 (2%, CI 0-12) showed abnormalities on HEAD-US, resulting in a negative predictive 

value of 98% (CI 87-100). Of the joints with minimal finding on HJHS (HJHS 1-3) 3/9 (33%, 

CI 12-65) showed no abnormalities on HEAD-US, resulting in a positive predictive value 

of 67% (CI 35-88) for these low HJHS scores. Positive predictive value of HJHS scores > 

3 was 95% (CI 76-100). HEAD-US scores according to HJHS scores are shown in table 2. 

Furthermore, 14 joints (6 elbows, 2 knees and 6 ankles) showed synovial hypertrophy on 

HEAD-US without signs of swelling on HJHS. Median (IQR) HJHS score of these joints  

was 6 (3-7). 

DISCUSSION
Although the proportion of joints with abnormalities (on both HJHS and HEAD-US) was 

higher in the current study as patients were older and most were not treated with early 

prophylaxis, correlation and percentage of discrepancies between HJHS and HEAD-US 

observed in the current study are in accordance with findings in children by Foppen 
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et al. [5]. In contrast, Altisent et al. [6] detected a higher percentage of abnormalities 

on HEAD-US than on HJHS (negative predictive value of 80%) in children with severe 

haemophilia on prophylaxis. Since inter-observer differences of the HJHS may occur [7], 

differences between studies can possibly be explained by differences in interpretation 

between examiners. Inter-observer differences of the HEAD-US are considered small [8].

Positive HJHS scores up to 3 points without abnormalities on MRI have been described 

in healthy young adults [9]. This can explain the 33% joints in the current study with 

a low positive HJHS score (scores 1-3) without abnormalities on HEAD-US. HEAD-US 

Table 1. Patient and joint characteristics (n=15 patients, 90 joints)

Median (IQR) or n(%) range

Age (years) 53 (40-56) 21-65
Haemophilia A/B 12 (80)
Severe haemophilia 8 (53)
Prophylactic treatment 5 (33)
Elbow (n=28 joints)
 HJHS 0 (0-2) 0-8
 HEAD-US 0 (0-0,75) 0-7
Knee (n=26 joints)
 HJHS 0 (0-0,5) 0-12
 HEAD-US 0 (0-0,25) 0-7
Ankle (n=22 joints)
 HJHS 3,5 (0-7) 0-9
 HEAD-US 5 (0-6) 0-8
Total (n=90 joints)
 HJHS 0 (0-4) 0-12
 HEAD-US 0 (0-5) 0-8

Abbreviations: HJHS = Haemophilia Joint Health Score; HEAD-US = Haemophilia Early Arthropathy Detection with 
UltraSound; IQR = interquartile range

Table 2. Ultrasound findings according to HJHS findings on joint level

HJHS score N per category HEAD-US median (IQR) HEAD-US =0 n(%) HEAD-US=8 n(%)

0 46 0 (0-0) 45 (98%) 0 (0%)
1-3 9 2 (0-6.5) 3 (33%) 0 (0%)
4-6 9 5 (1-7) 1 (11%) 0 (0%)
7-9 10 6 (5-6.25) 0 (0%) 1 (10%)
10-12 2 5.5 (5-6) 0 (0%) 0 (0%)
>12 0 n.a n.a n.a

Abbreviations: HJHS = Haemophilia Joint Health Score, range 0-20; HEAD-US = Haemophilia Early Arthropathy 
Detection with UltraSound, range 0-8; IQR = interquartile range
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therefore seems to have added value to HJHS to detect the origin of these small findings. 

Previous studies [6] did not specify in which range of scores discrepancies occurred. In 

the current study a low number of joints with very advanced arthropathy was included. 

Since the positive predictive value in HJHS scores >3 (positive predictive value of 95%) 

and scores >6 (positive predictive value of 100%) was very high, we expect that this will be 

similar in even higher HJHS scores. Therefore, the low number of joints with very advanced 

arthropathy is not expected to change the findings of the current study.

As previously mentioned, the results of the study depend on the validity of the assessment 

tools and the quality of the measurements. The HJHS is considered a valid and reliable tool 

to assess joint health in children and young adults[3, 10], however this is not yet established 

in older adults. Validity of the HEAD-US has not yet been studied, however the reliability is 

considered good[8]. Since all HJHS and HEAD-US assessments were performed by a single 

examiner inter-observer differences are not an issue within the current study. HJHS was 

always performed before HEAD-US. As the assessments were part of clinical care, findings 

of the HJHS could have been communicated to the ultrasound operator by the patient. 

Furthermore, the visual presentation of the joint and gait pattern might have given an 

impression of the degree of arthropathy. This may have caused observer bias. However, 

examining diagnostic accuracy is not an aim of the current study and in general care it is 

likely that this information is also available to the ultrasound operator. Therefore, this type 

of bias is not an issue in this study and results are more generalizable to clinical practice.

In clinical practice, distinguishing minimal findings on the HJHS due to osteochondral 

changes from findings due to solely muscular changes can be helpful to make treatment 

decisions or give advice about activity levels. Furthermore, when minimal changes were 

found on physical examination, visualization of osteochondral changes by ultrasound seems 

to improve patients’ understanding. Other than the general notion that osteochondral 

changes should be avoided, the true clinical relevance of early osteochondral changes 

is not established. Future studies need to focus on the clinical relevance of these small 

osteochondral changes and synovial hypertrophy using a longitudinal design and examining 

of HEAD-US scores in healthy adults of different age groups to provide reference values. 

In joints with more distinct findings on HJHS additional HEAD-US examination in order to 

monitor osteochondral changes seems less useful. These distinct findings are generally 

due to osteochondral changes and can, if needed, be visualized by x-ray. Moreover, 

osteophytes and (very) limited range of motion limit the possibilities of ultrasound. 

In conclusion, in adults with haemophilia HEAD-US may have additional value to HJHS by 

detecting the origin of slightly impaired function, or in revealing of early osteochondral 

changes in apparently healthy joints. The clinical relevance of these minimal changes still 

needs to be explored. In joints with more pronounced osteochondral changes additional 

value of HEAD-US to monitor osteochondral changes seems limited. 
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ABSTRACT
Background
Limited research has been published regarding movement behaviour of adult persons with 

haemophilia (PWH). It is hypothesized that avoidance of activities and more sedentary 

behaviour cause poorer physical functioning 

Aim
To determine differences in movement behaviour between PWH and healthy adults. 

Methods
Movement behaviour was measured with an accelerometer distinguishing between; lying/

non-wear, sitting, standing, walking, running and cycling. Time spent on activities was 

compared between PWH and healthy adults, using absolute time spent on activities and 

activities as percentage of wear time. 

Results
One hundred and five PWH (32 mild/moderate with a mean age of 42.8±15.1, severe 

42.1±13.6) ) and 98 healthy adults (mean age 41.9±15.5) showed that adults with severe 

haemophilia sit and stand more than healthy adults (4.5 [CI 0.6-8.4] and 4.2 [CI1.8-6.6] 

hours/week, respectively) and walk and run less (3.4 [CI 1.4-5.3] hours and 33.6 [CI 19.0-

41.7] min/week, respectively). Patients with mild/moderate haemophilia stand more 

than healthy adults (3.3 [CI 0.1-6.4] hours/week). Differences in sitting between severe 

haemophilia and healthy adults and differences in standing between mild/moderate 

haemophilia and healthy adults disappeared when using activities as percentage of  

wear time.

Conclusion
Movement behavior of adults with severe haemophilia differs from healthy adults, mainly 

due to less walking and less running. No differences were found in other activities and 

postures or the distribution of movement behaviour over the day. No significant differences 

were found between adults with mild/moderate haemophilia and healthy adults
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INTRODUCTION
Joint bleeds in persons with haemophilia (PWH) cause synovial hypertrophy and direct 

blood-related osteochondral changes[1, 2]. This leads to haemophilia arthropathy (HA), 

characterized by pain, loss of range of motion and muscle atrophy. Consequently this leads 

to loss of activities and restrictions in participation. The availability of prophylactic clotting 

factor replacement enables PWH to be increasingly physically active. Earlier research in 

children with haemophilia who benefit from prophylactic treatment showed that movement 

behaviour of these children is comparable to movement behaviour of healthy peers[3, 4]. 

Only limited research was published regarding movement behaviour of adult PWH. 

Previous studies evaluating movement behaviour in PWH all used self-reported outcomes 

[5, 6]. It is known that self-reported data overestimate physical activity (PA) and result in 

different PA patterns compared to objectively obtained data[7]. Several activity monitors, 

able to measure and monitor movement behaviour, have been previously developed 

and validated. These monitors distinguish between different activities and postures, 

thus providing insight to a broader range of PA and sedentary behaviour. Additionally, 

movement behaviour can be considered a combination of PA and sedentary behaviour 

(sitting or lying, but not sleeping)[8]. Previous studies in PWH focused on absolute time 

spent in PA and did not investigate sedentary behaviour or distribution of PA during 

the day.   

Sedentary behaviour, independent of PA, has been shown to predict health outcome[9]. 

Avoidance of activities and more sedentary time in patients with osteoarthritis (OA) are 

associated with poorer physical functioning [10]. A negative vicious circle is presumed to 

be associate with disuse, loss of muscle mass, impairments in joint stability, proprioception 

and postural control and increased limitations in activities[11, 12]. It is also suggested that 

the distribution of PA during the day rather than the total volume of PA is related to health 

outcomes[13]. Given the similarities in pathogenesis of HA and OA, similar effects in PWH 

are expected[14]. Other than the general notion that certain activities might be a risk 

factor for bleeds, evidence about the negative impact of activities or movement behaviour 

in PWH is lacking. 

It is hypothesized that PWH are less physically active and have a more sedentary lifestyle 

compared to the general Dutch population. This could lead to poorer physical functioning 

and consequently further deterioration of joint health. This study aims to compare objective 

physical activity of PWH having access to prophylactic treatment with healthy adults. 

METHODS
Participants
Data of PWH were extracted from medical health records during regular check-up visits 

of adult patients (>18 years) with haemophilia A or B, who visited their physician and 
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physiotherapist between 2014 and 2016 for a check-up at the ‘van Creveldkliniek’, University 

Medical Center Utrecht. No restrictions were made for severity of heamophilia. Movement 

behaviour, joint health and functional ability were evaluated during the physiotherapy 

check-ups. For this study we excluded the following patients: wheelchair dependent 

patients, those who experienced a joint or muscle bleed < 6 weeks before the check-up, 

those who underwent Total Knee or Total Hip Arthroplasty < 24 months before the check-up 

or underwent an ankle arthrodesis < 12 months before the check-up, or had insufficient PA 

data (less than 4 days of at least 10 hours of wear time).

Movement behaviour of healthy male adults (> 18 years) was collected prospectively. 

Through advertisements in different media (e.g., UMC Utrecht website, local newspapers, 

Facebook) and in different companies, healthy male adults were invited to participate in 

the study. Healthy persons were excluded if they were wheelchair dependent, they had 

a personal or family history of a bleeding disorder diagnosed by a physician, they had 

a total knee or total hip replacement less than 24 months or an ankle arthrodesis less than 

12 months before the date of inclusion. 

Procedure
Healthy adults were age-matched with PWH. Other demographic characteristics expected 

to be related to movement behaviour are comorbidity, socioeconomic status, immigration 

background and living area[15]. We did not match based on these demographic 

characteristics since they can be influenced by having haemophilia (e.g., having 

haemophilia might influence choices and possibilities of study and work and therefore 

influence education level), which induces the risk of overmatching. We therefore decided 

to create an age-matched reference group being representative for the Dutch population 

based on these demographic characteristics. After reaching 60% of the intended reference 

group, these demographic characteristics were compared to statistics of the Dutch 

population as published by Statistics Netherland (CBS)[16, 17], enabling the recruitment 

of under-represented groups.  

Outcome measures
Primary outcome
Movement behaviour was assessed with the Activ8, a three-axial accelerometer, worn 

in the pocket of the trousers[18]. The Activ8 is able to distinguish between lying down, 

sitting, standing, walking, running and cycling. Non-wear is reported as lying; therefore 

distinguishing between lying and non-wear is not possible. The activ8 is validated and 

enables accurate measurement of a person’s movement behaviour[19]. Activities are 

identified every 5 seconds. The relative period spent per activity is stored every 5 minutes. 

For example, between 10.00 and 10.05 AM a person spent 3.0 minutes sitting and 2.0 

minutes standing. Although this identified with a precision of 5 seconds; the sequence of 
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the activities within the timeframe is unknown. Storage and battery capacity are sufficient 

for at least 6 weeks of data acquisition. Before the check-up visits PWH were instructed to 

wear the Activ8 for 7 consecutive days, except during swimming, bathing, taking a shower 

and during sleep. The same instructions were given to healthy adults. The minimum 

requirement for data inclusion was 10 hours of wear time (corresponding to <14 hours 

lying/non-wear) on at least 4 days[20]. Time spent on activities was reported in hours 

per day (lying/ non-wear, sitting, standing, and walking) or minutes per day (running and 

biking). To take into account differences in wear time, time spent on activities was also 

reported as a percentage of wear time. Distribution of activities over the day was reported 

as the number and length of active bouts. An active bout was defined as a period of at 

least 5 minutes of walking, running or biking with allowance for standing for periods < 

5min. Since movement behaviour generally differs between seasons, the season in which 

the movement behaviour was measured was reported[21].

Other measurements
Extracted characteristics of PWH included age, use of medication (prophylaxis or on 

demand) and clinical joint health. Joint health was measured using the Haemophilia Joint 

Health Score (HJHS) version 2.1. The HJHS evaluates swelling, atrophy, crepitus, range 

of motion, joint pain and strength of the knees, ankles and elbows. Additionally, gait was 

assessed with a single global gait score. HJHS scores consist of 20 points per joint and 

4 points for global gait, adding up to a maximum of 124 points. A higher score indicates 

worse joint health. The HJHS is validated for children and young adults[22-24], however it 

is also frequently used in adult PWH.

Demographic information including age, education level, living area, migration background 

and (co-)morbidities of the healthy adult participants was collected via a questionnaire. 

Definitions of these variables were used as provided by  Statistics Netherlands (CBS)[16].

Statistical analysis
Statistical analyses were performed with SPSS statistics version 21[25]. Descriptive 

results were presented as means (SD) for normally distributed data or as medians 

(IQR) for abnormally distributed data. In order to ensure a representative sample, 

participant characteristics of healthy adults were compared to data of the general Dutch 

population[16]. Data of the general Dutch population is comprised of data from all Dutch 

citizens. Confidence intervals of participant characteristics in our sample were therefore 

compared to actual proportions of the general Dutch population. 

Differences in movement behaviour between patients with severe haemophilia, patients 

with mild/moderate haemophilia and healthy adults were evaluated with analysis of 

variance (ANOVA) or Wilcoxon rank sum tests for abnormally distributed data. Since age 
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and season are possible confounders, a linear regression analysis was used to adjust for 

these variables. For each body position or activity a linear regression was performed, 

with body position or activity as outcome and group as determinant. Regression analyses 

were performed with time spent on postures or activities expressed in absolute hours/

minutes and in percentage of wear time. For models with right skewed residuals, 

natural log transformations were used. Presented data are back transformed, to  

enhance interpretability.

RESULTS
Participant characteristics
In total, 105 PWH (72% with severe haemophilia and 70% on prophylaxis) and 98 healthy 

adults were included. Participant characteristics are shown in table 1. No age differences 

were found between PWH and controls (mild/moderate 42.8 ±15.1 years, severe 42.1± 

13.6 years, healthy 41.9±15. years; p>0.05). Persons with mild/moderate haemophilia 

had a lower HJHS score (indicating better joint health) than persons with severe 

haemophilia (9.9± 12.4 and 22.6±15.6 respectively; p<0.05). Characteristics of healthy 

adults in the current study compared well to the general Dutch population on immigration 

background, education level and morbidity (see table 2). Healthy adults in the current 

study deviated from the Dutch population in living area (sub-urban 7% [3; 14] vs. 18% and 

rural 57% [47; 66] vs. 41%).

Absolute time spend in postures and activities
Compared to healthy adults, patients with severe haemophilia walk 0.48 hours per day 

less, run 4.0 min per day less, sit 0.64 hours per day more and stand 0.6 hours per day 

more (adjusted for age and season). Differences between patients with mild/moderate 

Table 1. Participant characteristics

Mild/ moderate 
haemophilia 

Severe 
haemophilia Healthy adults P-value

N 32 73 98
Age mean years (SD) 42.8 (15.1) 42.1 (13.6) 41.9 (15.5) n.s.
HJHS mean (SD) 9.9 (12.4) 22.6 (15.6) n.a. <0.05
Prophylaxis n (%) 8 (25) 63 (86) n.a. <0.05
Activ8 wearing* n (%) 28 (87.5) 54 (74.0) 69 (68.3) n.s.
Season ** n (%) 9 (28.1) 27 (37.0) 43 (42.6) n.s.

HJHS= Haemophilia Joint Health Score; * Proportion participants that wore the activ8 for the instructed 7 days; ** 
Proportion participants that wore the activ8 in spring or summer
ANOVA was used to compare groups for age, Wilcoxon rank test was used to compare groups for HJHS scores, 
Chi-squared test was used to compare groups for prophylaxis, activ8 wearing and season. 
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haemophilia and controls were only found in hours lying/ non-wear, standing and running. 

Unadjusted differences in movement behaviour between groups are shown in figures 1a 

and 1b. To adjust for age and season, linear regression analyses with activities as a function 

of group are shown in tables 3a and 3b. Figure 2 shows active hours (defined as walking, 

biking or running) compared amongst the groups.

Distribution of physical activity during the day
No differences were found in the frequency of active bouts between patients with mild/

moderate haemophilia and healthy adults (mild/moderate 11.0±4.8, healthy 10.8±3.6, 

adjusted B 0.34 [-1.26; 1.9]) or between patients with severe haemophilia and healthy 

adults (severe 9.9±4.1, adjusted B -0.84 [-2.05; 0.36]. We also found no differences in 

the duration (minutes) of active bouts between patients with mild/moderate haemophilia 

and healthy adults (mild/moderate 13.3±2.4, healthy adults 13.3±3.2, adjusted B -0.72 

[-1.80; 1.36]) or between patients with severe haemophilia and healthy adults (severe 

12.7±4.3, adjusted B -0.72 [-1.80; 1.36])

Postures and activities in percentage of wear time
To account for differences in wear time, time spent on postures and activities was analysed 

as a percentage of wear time. Linear regression analyses performed on time spent in 

postures or activities expressed as a percentage of wear time showed differences between 

severe haemophilia and healthy adults in standing (severe 21.2 ±9.3, healthy 17.7±5.7, 

B 3.5 [1.3; 5.8]), walking (severe 13.3 ±5.7, healthy 17.3±7.7, B -3.9 [-5.7; -2.1]) and 

running (severe 0.1 IQR 0.0-0.1, healthy 0.1 IQR 0.0-0.1, B -0.6 [-0.8; -0.3]). No differences 

were found in time spent sitting between patients with severe haemophilia and healthy 

Figure 1a and b. Time spend in physical activities and postures per day ANOVA was used to compare 
groups on sitting, standing and walking. For running and cycling Wilcoxon signed rank test was used.
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adults (severe 63.2±12.0, healthy 61.4±9.9, adjusted B 1.6 [-1.6; 4.9]). Furthermore, no 

differences were found between mild/moderate and healthy adults when activities are 

expressed as a percentage of wear time. 

Table 3a. Time spent on physical activities and postures: linear regression analyses with activity as 
outcome and mild/moderate haemophilia (compared to healthy) as determinant. 

Healthy adults Mild/ moderate 
Crude difference B 
[95% CI]

Adjusted difference B 
[95%CI]†

Lying/ nonwear 
(hours/day)

10.3 (1.8) 9.5 (1.9) -0.84 [-1.53; -0.15]* -0.86 [-1.56; -0.17]*

Sitting (hours/day) 8.4 (1.6) 8.9 (2.2) 0.59 [-0.14; 1.32] 0.57 [-0.17; 1.30]
Standing (hours/day) 2.4 (0.9) 2.9 (1.1) 0.45 [0.01; 0.90]* 0.47 [0.02; 0.92]*
Walking (hours/day) 2.4 (1.0) 2.2 (1.0) -0.20 [-0.57; 0.17] -0.17 [-0.54; 0.20]
Biking (min/day) 22.2 (19.0) 25.3 (22.5) 1.15 [-1.34; 1.78]§ 1.19 [-1.30; 1.83]§
Running (min/day) 6.1 (9.7) 3.4 (4.5) -1.65 [-2.92; -1.07]*§ -1.51 [-2.52; 1.12]*§

Time spent on activities and postures is reported in means (SD)
† adjusted for age and season
*The confidence interval does not include 0, meaning that differences between groups are significant 
Interpretation: patients with mild/moderate haemophilia stand 0.47 hour per day less than healthy adults (adjusted 
for age and season). 
§ Natural logarithmic transformations were performed to adjust for skewed residuals; presented B’s [CI] are back 
translated with the natural exponent.  

Table 3b. Time spent in physical activities and postures: linear regression analyses with activity as 
outcome and severe haemophilia (compared to healthy) as determinant.

Healthy adults Severe 
Crude difference B 
[95% CI]

Adjusted difference B 
[95%CI]†

Lying/ nonwear 
(hours/day )

10.3 (1.8) 9.7 (1.5) -0.58 [-1.53; -0.15]* -0.59 [-1.11; -0.07]*

Sitting (hours/day) 8.4 (1.6) 9.0 (2.0) 0.65 [0.96; 1.21]* 0.64 [0.09; 1.20]*
Standing (hours/day) 2.4 (0.9) 3.0 (1.4) 0.59 [0.25; 0.93]* 0.60 [0.26; 0.94]*
Walking (hours/day) 2.4 (1.0) 1.9 (0.8) -0.49 [-0.78; -0.21]* -0.48 [-0.76; -0.20]*
Biking (min/day) 22.2 (19.0) 17.67 (14.3) -1.22 [-1.69; 1.14]§ -1.20 [-1.67; 1.16]§

Running (min/day) 6.09 (9.7) 1.12 (1.7) -4.16 [-6.40; -2.70]*§ -4.03 [-5.95; -2.72]*§

Time spent on activities and postures is reported in means (SD)
† adjusted for age and season
*the confidence interval does not include 0, meaning that differences between groups are significant 
Interpretation: patients with severe haemophilia walked 0.48 hour per day less than healthy adults (adjusted for 
age and season). 
§ Natural logarithmic transformations were performed to adjust for skewed residuals; presented B’s [CI] are back 
translated with the natural exponent.  
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We compared objectively assessed movement behaviour of adult PWH on prophylactic 

treatment with healthy adults. In absolute hours, adults with severe haemophilia spent 

more time sitting and standing and were less physically active (walking and running) than 

healthy adults. Between patients with mild/moderate haemophilia and healthy adults 

differences were only found in the amount of hours standing. No differences were found 

in the distribution of physical activities and postures during the day (frequency and length 

of active bouts). Differences in sitting between severe haemophilia and healthy adults 

and differences in standing between mild/moderate haemophilia and healthy adults 

disappeared when activities were expressed as a percentage of wear time.

We observed less PA in adults with severe haemophilia compared to healthy adults, which 

is in accordance with less self-reported PA in previous studies[6]. Studies in children with 

haemophilia demonstrated no differences in PA compared to healthy peers[4], most likely 

because they have had access to prophylactic therapy throughout their entire life. This has 

limited the number of bleeds, and thus the degree of HA, and enabled them to engage in 

appropriate age related physical activities throughout their childhood. PWH born before 

the ninteen seventies when prophylaxis and home treatment were not readily available 

in the Netherlands, experienced more bleeds during their childhood and were more 

restricted in physical activities in order to prevent bleeding. Less PA in adults with severe 

haemophilia can most likely be explained by pain due to HA. However, restrictions to PA 

in their childhood can also have influenced their attitude towards PA.

A strength of the current study is that movement behaviour was objectively assessed, 

using a validated accelerometer, which yields more valid results than self-reported PA as 

used in previous studies[7]. The accelerometer used in the current study is able to identify 

actual postures and activities. Most accelerometers or questionnaires report movement 

behaviour in Metabolic Equivalent of Task (METs) or counts, which are difficult to interpret. 

Figure 2. Active (walking, running and biking) hours per day 
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Reporting outcome in hours/minutes spent on activities and postures in the current 

study improves interpretability and translation of results to clinical practice. Moreover, 

the control group in the current study is representative of the general Dutch population 

based on characteristics that are possibly related to movement behaviour, despite small 

differences in living area. 

The main limitation of this study is that the Activ8 classifies non-wear as lying and we 

did not use an activity diary. Consequently, we were not able to distinguish lying from 

non-wear or account for time spent in activities such as swimming. Sedentary behavior 

includes both sitting and lying during waking hours[8]. Although we expect that people in 

the current study spent limited waking hours in the lying position, defining only sitting as 

sedentary behaviour may have caused an underestimation of sedentary time. However, it 

can be assumed that this underestimation is similar in all groups. Secondly, given the large 

variation in standing, walking, biking and running in the current study, the sample size of 

adults with mild/moderate haemophilia might have been too small to detect differences 

between adults with mild/moderate haemophilia and healthy adults. The sample sizes of 

patients with severe haemophilia and healthy adults were sufficient to identify differences 

between those groups. Thirdly, previous studies show that different definitions of an active 

bout and differences in accelerometer settings (e.g. the interval at which postures and 

activities are determined) yield different results when evaluating the number and length 

of active bouts[26]. Currently, there is no consensus on an optimal definition or settings 

to determine active bouts. When interpreting the data, the definition and accelerometer 

settings should therefore be taken into account.  

Although the differences in movement behaviour between adult PWH and healthy adults 

may be considered small (persons with severe haemophilia walk 29 min/day less than 

healthy adults and run 33.6 min/week less), previous studies in OA show that small 

changes in sedentary behaviour and PA can cause clinically relevant changes in physical 

functioning[27, 28]. An increase of 1 sedentary hour/day increased the odds of being 

physically frail after 2 years with 1.36, whereas an increase from no moderate-to-vigorous PA 

to the advised 150 min/week caused a clinically relevant increase in self-reported physical 

functioning. Given that around 30% of the general Dutch population is not sufficiently 

active[17], even less physical active behaviour in PWH may be a risk for deterioration. 

Significant health benefits after small changes in movement behaviour in previous studies 

suggest that increasing PA in PWH can yield significant health benefits. 

Since the current study shows differences in movement behaviour between adults with 

severe haemophilia and healthy adults, future studies should aim to identify if this can 

be explained by pain due to HA or if other factors are involved. Given the large inter-

individual variation in time spent on activities in the current study, activities should not 

only be analyzed separately but future studies should focus on phenotypes of movement 
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behaviour. Secondly, while vigorous intensity activities (e.g. running) might not be feasible 

for many adults with haemophilia, results from the current study also show decreased 

walking (light to moderate PA) in PWH. Based on research in persons with OA, increasing 

light to moderate PA might be a promising way to improve health outcome in PWH. Future 

studies should focus on the effect of increasing light to moderate intensity PA on physical 

functioning in PWH.

CONCLUSION
Movement behavior of adults with severe haemophilia differs from healthy adults, mainly 

due to less walking and running. No differences were found in other activities and postures 

or in the distribution of movement behaviour over the day. No significant differences were 

found between adults with mild/moderate haemophilia and healthy adults. 
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SUPPLEMENTAL MATERIAL

Supplemental table 1. Characteristics of the study cohort of healthy adults compared to  
the Dutch population

Healthy adults % [CI] Dutch population % 

Immigration background 31 [22; 44] 22
Education level
 Low 26 [18; 35] 30
 Middle 44 [35; 54] 42
 High 30 [22; 40] 28
Living area
 Urban 37 [28; 47] 42
 Sub-urban 7 [3; 14] 18
 Rural 57 [47; 66] 41
Morbidity (≥1 long-term condition) 16 [10; 24] 13

CI= Confidence Interval
* Definitions were used from Statistics Netherland (CBS) [16]
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ABSTRACT
Question
The aim of the current study is to identify phenotypes of movement behaviour within 

persons with haemophilia (PWH) and compare clinical characteristics between phenotypes 

of movement behaviour. 

Design
A cross-sectional study. Hierarchical cluster analysis was used to identify phenotypes. 

Age, severity of haemophilia, joint health, physical functioning and pain were compared 

between identified clusters with kruskall-wallis test. 

Participants
A total of 105 PWH (70% severe haemophilia; median age 43 years [30.0-54.0]) were 

included in the study. 

Outcome measures
Movement behaviour was assessed with the activ8 accelerometer; joint health was assessed 

on the Haemophilia Joint Health Score; physical functioning on the Haemophilia Activity 

List and the 40 meters self-paced walk test and pain on the Numerical pain Rating Score. 

Clustering variables included 7 parameters of movement behaviour; sitting, standing, 

walking, biking, running, frequency of active bouts and length of active bouts. 

Results
Cluster analysis identified 3 clusters, which were defined as: “sedentary” (57%), “bikers 

and runners” (22%) and “walkers” (20%). The “bikers and runners” showed better joint 

health and experienced less limitations in activities than the “walkers” and the “sedentary”. 

The “walkers” perceived fewer limitations in activities than the “sedentary”, with 

comparable joint health. We did not identify differences in pain, walking speed and age 

between the clusters. 

Conclusion
We identified the majority of PWH as sedentary, whereas less sitting and regular walking 

during the day seemed to be more beneficial 
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INTRODUCTION
Haemophilia is an inherited genetic disorder that impairs the body’s ability to make blood 

clots. This results in longer bleeding time after injury, easy bruising, and an increased risk 

of bleeding inside joints and muscles. Joint bleeds cause haemophilic arthropathy (HA) 

through synovial inflammation and direct blood-related osteochondral changes[1, 2]. HA 

is characterized by joint pain, limitations in range of motion and muscle atrophy, resulting 

in limitations in activities and participation. Consequently, adults with severe haemophilia 

are less physically activity than healthy adults[3]. 

In osteoarthritis (OA) patients avoidance of activities and more sedentary time induce 

a negative vicious circle of disuse, loss of muscle mass, reduced joint stability, proprioception 

and postural control and increased limitations in activities[4]. Given the similarities in 

pathogenesis of HA and OA, similar effects in persons with haemophilia (PWH) can be 

postulated[5]. Increasing daily physical activity and limiting sedentary behaviour may 

improve physical functioning [6, 7]. Although several exercise interventions have been 

developed directed at improving physical functioning in PWH, none aimed at changing 

movement behaviour in daily life[8]. 

A person’s daily movement behaviour is considered as a combination of day time 

sedentary behaviour, physical activity (PA) and sleep[9]. This can in turn be divided in 

activities and postures (e.g. sitting, walking and standing) and PA can be divided in PA 

of different intensities (light PA, moderate PA, etc), as presented in figure 1. In previous 

studies investigating movement behaviour in PWH only a single parameter for movement 

behaviour (e.g. average amount of moderate and vigorous PA) was used as outcome or 

several parameters were analyzed separately[10, 11]. However, individuals who appear 

similar in one parameter (total amount moderate and vigorous PA) may score very different 

for other metrics (total amount sedentary behaviour)[12]. Moreover, sedentary behaviour 

and physical activity are independent predictors of health outcome and the distribution 

of activities during the day predicts health outcome independent of absolute time spend 

in activities [13]. Using a single parameter or analyzing several parameters separately 

ignores the co-occurrence of activities and postures and would result in an incomplete or 

inaccurate picture of a person’s overall movement behaviour. It seems unlikely that a single 

outcome is able to reflect all relevant information of movement behaviour. We therefore 

propose to identify phenotypes of movement behaviour, including all relevant metrics. 

Previous studies in PWH did not find a relation between activity level and the degree of 

HA[11], although adult PWH were found less physically active than healthy adults. It is 

hypothesized that clinical characteristics (e.g. joint health, pain and physical functioning) 

are related to phenotypes of movement behaviour instead total amount of total amount 

of PA. Insight in phenotypes of movement behaviour and the relation of these phenotypes 
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with clinical characteristics could enable us to identify patients at risk for deterioration. 

Furthermore, insight in phenotypes of movement behaviour is essential in developing an 

intervention directed at changing movement behaviour. 

The aim of this study was to identify phenotypes of movement behaviour in adults with 

haemophilia and to compare clinical outcome between the identified phenotypes. 

METHODS
Design
This study was a cross-sectional study based on medical health record data.

Participants, therapists and centers
Data of PWH were extracted from medical health records of regular check-up visits 

of adult patients (≥18 years) with haemophilia A or B, who visited their physician and 

physiotherapist between 2014 and 2016 for a check-up at the van Creveldkliniek, University 

Medical Center Utrecht. No restrictions were made for severity of heamophilia. Movement 

Figure 1. The conceptual model of movement behaviour [9] 
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behaviour, joint health and functional ability were evaluated during regular physiotherapy 

check-ups. For the current study patients were excluded who had no data available on 

movement behaviour, were wheelchair dependent, experienced a joint or muscle bleed < 

6 weeks before the check-up, underwent total knee or total hip replacement < 24 months 

before the check-up or underwent an ankle arthrodesis < 12 months before the check-up. 

The research protocol was approved by the Institutional Review Board of the University 

Medical Center Utrecht, the Netherlands.

Outcome measures
Movement behaviour
Movement behaviour was measured with the Activ8 activity monitor, worn in the pocket 

of the trousers[14]. The Activ8 has been validated and distinguishes between 6 postures 

and activities: lying down, sitting, standing, walking, running and cycling[15]. Postures 

and activities are determined every 5 seconds. Subsequently, every 5 minutes the relative 

period spent per body position or activity is stored. The distribution of postures and 

activities within these 5 minutes can therefore not be distinguished. An active bout is 

defined as: consecutive periods of 5 minutes consisting of a combination of walking, 

running or biking with allowance of standing < 5min. Frequency and length of active bouts 

were calculated to gain insight in distribution of PA over the day. Non-wear is reported as 

lying and therefore it is not possible to distinguish between lying and non-wear. PWH were 

instructed to wear the Activ8 for 7 consecutive days, except during swimming, bathing, 

showering and during sleep. Analyses techniques of activ8 data are described in detail in 

a previous paper[16]. 

Clinical characteristics
Joint health was measured using the Haemophilia Joint Health Score (HJHS) version 

2.1. The HJHS evaluates swelling, muscle atrophy, crepitus, range of motion, joint pain 

and strength of the knees, the ankles and the elbows. Additionally, gait is assessed with 

a single global gait score. HJHS scores consist of 20 points per joint and 4 points for global 

gait, adding up to a maximum of 124 points. A higher score indicates worse joint health. 

The HJHS is validated for children and young adults with haemophilia[17, 18], however it 

is the most commonly used instrument in adult PWH.

Physical functioning was measured using a self-assessment tool and a performance based 

tool; the Haemophilia Activity List (HAL) and the 40 meters self-paced walk test (40m 

SPWT), respectively. The HAL is a haemophilia-specific questionnaire assessing self-

perceived limitations in activities. The HAL requires patients to consider difficulties they 

experienced in activities during the previous week due to haemophilia related complaints. 

Internal consistency and validity of the HAL are considered good[19]. A summary score as 

well as component scores involving upper extremity, basic lower extremity and complex 
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lower extremity activities can be calculated. Normalized scores ranging from 0-100, with 

higher scores representing better functional status, can be obtained for the summary score 

and the component scores. Walking speed is measured with the 40m SPWT; time used to 

walk 40 meters was recorded[20]. Patients are instructed to walk 40 meters straight on in 

a hallway, in a self-chosen (habitual) pace. The use of a walking aid is allowed. Walking 

speed is considered an important predictor for health outcome in well-functioning older 

adults and is complementary to self- perceived limitations in activities. The 40m SPWT is 

a reliable tool to assess walking speed.

Pain was assessed using the numerical pain rating score (NRS)[21]. The NRS is an 11-point 

rating scale ranging from 0 to 10 points. A score of 0 represents “no pain” and a score 

of 10 represents “worst pain possible”. Patients indicated the number that corresponds 

to their maximum pain level in the past week. The NRS is considered a valid and reliable 

instrument to measure pain. Furthermore, age and severity of haemophilia were extracted 

from medical health records. 

Data analysis
Statistical analyses were performed with R version 0.99.903 [22]. Descriptive results were 

presented as means (SD) for normally distributed data or medians (IQR) for not normally 

distributed data. In order to identify phenotypes of movement behaviour agglomerative 

hierarchical cluster analysis was performed, using package “stats” version 3.3.2 [23]. Ward’s 

linkage method with Euclidean distance was used to merge clusters. Clustering variables 

included absolute time spent in postures or activities (sitting, standing, walking, biking, 

running) and distribution of postures and activities during the day (frequency and length 

of active bouts). Given the differences in range the clustering variables were standardized. 

Hierarchical clustering does not require predetermining the number of clusters. 

The number of clusters was determined based on visual inspection of the dendrogram and 

interpretability of the clusters. Differences in patient characteristics between the identified 

phenotypes were evaluated with the Kruskall-Wallis test. Complete case analysis was 

performed for missing data on clinical characteristics. 

RESULTS
Flow of participants, therapists, and centers through the study
A total of 105 PWH were included in the study; 70% suffered from severe haemophilia. 

Median age of the participants was 43 years (30.0-54.0). Clinical characteristics of included 

patients are shown in table 1. Data were missing on 6.3% of clinical outcome values. 

Missing values were due to logistic reasons and were therefore considered Missing 

Completely at Random. Participants with missing data did not differ from participants with 

complete data based on clustering variables or clinical characteristics. 
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Identification of phenotypes
The hierarchical cluster analysis identified 3 clusters. The dendrogram of the cluster 

analysis is shown in figure 2. One cluster included the majority of patients (57%), the other 

two were of comparable size (23% and 20%). The largest cluster was characterized by 

extensive sitting and little standing, walking, running and biking. The length of active 

bouts was short and the frequency low. This cluster was described as the “sedentary” 

cluster. Persons in the second cluster performed extensive biking and reasonable running, 

standing and walking; the cluster is therefore named “bikers & runners” cluster. Frequency 

and length of active bouts were around average. The smallest cluster was characterized by 

little sitting, biking and running, extensive walking and standing and a high frequency and 

longer duration of active bouts.

Table 1. Clinical characteristics

N (%)/ Median (IQR) N

Age 43.0 (30.0-54.0) 105
Severe 73 (70) 105
Prophylaxis 71 (68) 105
HJSH Total 15.0 (3.0-31.0) 100
HAL Total 83.4 (66.2-94.3) 96
40m SPWT 27.5 (25.0-30.5) 96
NRS max 3.0 (0.0-7.0) 88

Figure 2. Dendrogram of hierarchical clustering 
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This cluster is therefore described as “walkers”. Standardized cluster centers are shown in 

figure 3. Comparison of the medians of the clustering variables confirmed differences in 

the clustering variables between the clusters, as presented in table 3. Although persons in 

the “bikers & runners cluster did more running than in the other clusters, even in the “bikers 

& runners” cluster half of the people did less than 20 minutes running per week (median 

2.4 [IQR 0.6-7.5]).

Differences in clinical characteristics between clusters
Self-perceived limitations in activities differed between the clusters. PWH in the “sedentary” 

cluster perceived the most limitation in activities, PWH in the “walkers” cluster perceived 

fewer limitations and persons in the “bikers & runners” cluster perceived the least limitations 

in activities (74.5 [61.0-92.5], 85.6 [76.7-93.9] and 90.3 [69.1-100] respectively, p=0.04). 

A trend was found towards better joint health in PWH in the “bikers and runners” cluster 

compared to PWH in the “sedentary” cluster or the “walkers” cluster (4.0 [1.0-29.0], 15.5 

[5.8-25.8] and 16.0 [7.5-34.0] respectively, p=0.07). No differences were found between 

the clusters based on age, pain and walking speed. Differences in clinical characteristics 

between clusters are presented in table 4. 

Median (IQR) and % (95% confidence interval)
Data were missing on 6.3% of clinical outcome values. Participants with missing data 

did not differ from participants with complete data based on clustering variables or  

clinical characteristics

DISCUSSION
In this study we identified 3 phenotypes of movement behaviour in PWH: the “sedentary”, 

the “walkers” and the “bikers & runners” cluster. The majority of the PWH were classified 

as “sedentary”. The “bikers and runners” have a better joint health and experienced less 

limitations in activities than the “walkers” and the “sedentary”. The “walkers” perceived 

fewer limitations in activities than the “sedentary”, but had comparable joint health. We did 

not identify differences in pain, walking speed, severity and age between the subgroups.

Table 2. Clustering variables

Activ8 Median (IQR) N

Sitting (hours/day) 9.2 (7.4-10.6) 105
Standing (hours/day) 2.8 (2.0-3.6) 105
Walking (hours/day) 1.9 (1.4-2.5) 105
Biking (minutes/day) 14.2 (5.8-28.7) 105
Running (minutes/day) 0.6 (0.2-1.9) 105
Frequency of active bouts (per day) 10.0 (7.1-12.7) 105
Length active bout (minutes) 11.8 (10.6-14.3) 105



PHENOTYPES OF MOVEMENT BEHAVIOUR

191

9

Figure 3. Clusters centers of identified clusters 

Table 4. Differences in clinical characteristics between clusters

Sedentary (n=60) Walkers  (n=21)
Bikers & runners 
(n=24) P-value

Severe 78.3% (66.4-86.9) 52.4% (32.4-71.7) 62.5 % (42.7-78.8) 0.28
Age 43.0 (31.0-53.0) 44.0 (32.0-59.0) 34.5 (24.5-55.3) 0.40
HJHS total 16.0 (7.5-34.0) 15.5 (5.8-25.8) 4.0 (1.0-29.0) 0.07
HAL total 74.5 (61.0-92.5) 85.6 (76.7-93.9) 90.3 (69.1-100) 0.04
40m SPWT 27.6 (25.1-31.0) 26.5 (24.5-29.3) 27.3 (25.8-28.9) 0.52
VAS max 4.5 (0.0-7.0) 3.0 (2.0-7.0) 1.0 (0.0-6.5) 0.24

Table 3. Differences in clustering variables between clusters Median (IQR)

Sedentary  (n=60) Walkers  (n=21)
Bikers & runners 
(n=24) P-value

Sitting (hours/day) 10.0 (8.7-11.2) 6.5 (5.607.6) 9.0 (8.2-9.7) <0.01
Standing (hours/day) 2.4 (1.9-3.0) 4.0 (3.3-5.8) 3.1 (2.1-3.5) <0.01
Walking (hours/day) 1.6 (1.1-2.0) 2.9 (2.4-3.8) 2.2 (1.6-2.6) <0.01
Biking (minutes/day) 12.6 (4.8-18.6) 10.5 (3.5-19.8) 39.6 (35.6-52.8) <0.01
Running (minutes/day) 0.6 (0.0-1.2) 0.6 (0.0-1.2) 2.4 (0.6-7.5) <0.01
Frequency of active bouts (per day) 7.7 (6.3-10.2) 15.7 (13.5-17.0) 10.4 (8.7-13.1) <0.01
Length of active bout minutes) 11.3 (10.5-13.3) 15.9 (12.3-17.9) 11.8 (10.6-13.2) <0.01
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The use of phenotypes of movement behaviour has been proposed in previous 

studies investigating outcome measures of movement behaviour[12]. However, studies 

investigating phenotypes of movement behaviour are still scarce. In one study patterns 

of moderate-to-vigorous PA (MVPA) during the week were identified in the general 

population[24]. This study showed distinct day-to-day differences in MVPA between 

subgroups, including a “weekend warrior” subgroup which was primarily active in weekend 

days; sedentary behaviour and light intensity PA were not included. Possibly, the “bikers 

& runners” subgroup in our study overlaps with the “weekend warrior” subgroup who 

tries to compensate a sedentary lifestyle with occasional MVPA. Furthermore, a previous 

study showed that PWH are less physically active than healthy adults, but sedentary 

behaviour was similar in both groups[3]. The large sedentary cluster in the current study 

may therefore also be present in the general population. In contrast to the current study 

previous studies in PWH did not find a relation between joint health and physical activity 

level. In the current study differences in joint health between phenotypes of movement 

behaviour in the absence of age differences indicate a relation between joint health and 

movement behaviour.

The main limitation of the current study was the small sample size of the subgroups 

“walkers” and “bikers & runners”. This could have impaired the ability to identify 

differences in clinical characteristics between the subgroups. With a greater sample size 

borderline differences between groups in the proportion persons with severe haemophilia 

might have been more evident. Furthermore, large variation and small sample size may 

have impaired the ability to identify differences in pain between the subgroups. The overall 

sample size was sufficient to perform cluster analysis with the included 7 clustering 

variables. The main strength of the current study was that we included the whole spectrum 

of movement behaviour, instead of a single measure[12]. We defined two measures to 

describe the distribution of PA during the day (frequency and length of active bouts). 

Currently, there is no consensus on an optimal definition to determine active bouts[25]. 

Using a different definition for an active bout may have resulted in a cluster with a distinct 

distribution of PA (e.g. walkers with bouts of high frequency and short length and walkers 

with bouts of low frequency and extended length).

Although causality cannot be determined given the design of the current study, similar 

joint health and fewer limitations in activities in the “walkers” subgroup compared to 

the “sedentary” subgroup suggests that this movement behaviour is also feasible for 

the “sedentary” subgroup and could be beneficial for self-perceived limitations in activities. 

Better joint health and fewer limitations in activities in the “bikers & runners” subgroup 

indicate more possibilities for these activities in this subgroup. Given the influence of PA 

and sedentary behaviour on physical functioning in persons with OA, longitudinal research 

in PWH is needed to identify if PWH in the “sedentary” subgroups have an increased 
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risk for deterioration in joint health and perceived limitations in activities. Furthermore, 

the current study indicates that interventions directed at changing movement behaviour 

should include the whole spectrum of movement behaviour instead of a single measure. 

Using the whole spectrum of movement behaviour allows for interventions adapted to 

a person’s possibilities and preferences. We recommend exploring movement behaviour 

of other disease groups with a similar approach; investigating phenotypes of movement 

behaviour consisting of a wide range of relevant parameters will enable a more complete 

picture of movement behaviour to emerge. Further research is needed to determine which 

parameters need to be included. 

In conclusion, three different phenotypes of movement behaviour were identified: 

“sedentary”, “walkers” and “bikers & runners”. The majority of PWH were categorized as 

sedentary. The results from the current study suggest that less sitting and regular walking 

during the day could be beneficial for perceived limitations in activities in PWH. 
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The aim of this thesis was to provide a basis for the evaluation of joint complaints, provide 

a basis for monitoring joint health, activities and participation and provide insight in 

movement behaviour of persons with haemophilia.

KEY FINDINGS 
Differentiating between joint bleeds and arthropathy

 · Differentiation based on clinical sign and symptoms is currently preferable.

 · The most important signs and symptoms are I) course of the symptoms, II) cause 
of the complaints, III) joint history, IV) type of pain and V) degree of impairments 
in range of motion.

Monitoring joint health, activities and participation
 · The HJHS, the PedHAL, the HAL and the FISH are recommended to investigate 

joint health, activities and participation; evidence on measurement properties is 
limited. 

 · HEAD-US may have additional value to HJHS in monitoring joints with slightly 
impaired function.

 · A 5 years interval would be safe to monitor joints without reported bleeding. 

Movement behaviour 
 · Persons with severe haemophilia have a less active lifestyle than healthy adults.

 · Movement behavior of adults with haemophilia can be clustered in 3 phenotypes; 
“sedentary”, “walkers” and “bikers & runners”.

The newly proposed concept of positive health emphasizes the ability to participate 

in society in a meaningful way. This is in contrast to the traditional definition (a state 

of complete physical, mental and social well-being and not merely the absence of 

disease or infirmity) where almost everybody can be considered ill[1]. Through support 

of the comprehensive care team of a haemophilia treatment center (HTC) persons with 

haemophilia gradually attain a wide range of self-management skills, facilitating optimal 

participation in society. Self-management skills include bleed recognition, medication 

management, pain and risk management and conceptualizing preventive therapy[2]. More 

specific, an important self-management skill for persons with haemophilic arthropathy (HA) 

is to be able to differentiate between joint bleeds and flare-ups of HA and decide about 

adequate treatment. Since many persons with haemophilia find it difficult to differentiate 

between joint bleeds and flare-ups of HA support from the comprehensive care team 

might be needed. 
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DIFFERENTIATING BETWEEN JOINT BLEEDS AND ARTHROPATHY
In chapter 2 we investigated possible techniques to differentiate between joint bleeds 

and flare-ups of HA. Differentiation based on clinical signs and symptoms is complicated 

due to the overlap in symptoms between joint bleeds and HA, but is still the most 

practical for patients who treat themselves at home. In chapter 3 we took the first steps in 

the development of a checklist facilitating differentiation between joint bleeds and flare 

ups of HA by patients at home. The use of a validated checklist will support patients to 

make more accurate treatment decisions without the need to go to an HTC, and thus 

supporting self-management. However, a diagnostic study is needed to validate this 

checklist against a reference standard. 

Besides clinical signs and symptoms, point of care ultrasound imaging (US) is increasingly 

used to identify intra-articular bleeds. Real time visualization of intra-articular joint 

bleeds by US seems to be more convincing than relying on clinical signs and symptoms. 

However, the use of US for the identification of joint bleeds also needs further validation 

and interpretation of the images requires extensive experience and knowledge of 

the musculoskeletal system, particularly of arthropathic joints. It would be most practical 

if patients were able to identify joint bleeds by US independently at home. Although 

portable ultrasound imaging machines are already on the market and technology will 

only further improve, support from a trained professional will be needed to interpret 

the images. Moreover, regular practice is needed to maintain ultrasound scanning skills. 

With low bleeding rates in the Netherlands (on average 2 per year), which will only 

decrease with the rapidly developing new medical therapies, it can be questioned whether 

patients are able to maintain these skills. It is therefore recommended to further develop 

the checklist for patients to use at home. Ultrasound can be used occasionally in order to 

dispel doubts or create a learning effect by showing patients whether their complaints 

are related to a bleed. Preferably, ultrasound imaging will be performed by a primary 

care physiotherapist, supported by the HTC. This is in line with current developments of 

organizing care local and easily accessible care for patients. 

MONITORING JOINT HEALTH, ACTIVITIES AND PARTICIPATION 
Not all patients will be able to maintain the same (high) level of self-management at all 

times. It is therefore essential to timely identify when support is needed. Standardized 

measurements will enable us to better appreciate and follow the response to treatment 

and the course of functioning of individual persons with haemophilia. Therewith, it enables 

timely adjustment or initiation of treatment. Moreover, standardized measurement allows 

for the comparison of results in scientific research.

The International Classification of Functioning (ICF) has been introduced in haemophilia 

care and research as a framework to describe (problems with) functioning. Outcome 
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measurements used to be focused primarily on self-reported bleeding, but this is slowly 

broadening to the domains of activity and participation. In the last decade several 

haemophilia specific tools have been developed to measure many of the ICF domains. 

The diversity in the use of measurement instruments in haemophilia care and research 

resulted in the need for a core measurement set. In order to make a first step in 

the development of a core set we provided an overview of the measurement properties of 

measurement tools commonly used to measure joint health, activities and participation in 

persons with haemophilia (chapter 4 and 5). Measurement properties of the Haemophilia 

Joint Health Score (HJHS), the (Pediatric) Haemophilia Activity List ((Ped)HAL) and 

Functional Independent Score in Haemophilia (FISH) seem most beneficial. However, 

evidence on the measurement properties is still limited; more research is therefore needed 

to investigate the measurement properties of these instruments. 

Although a core set has to include multiple ICF domains, it also has to be feasible in 

usual care; the challenge is to determine a minimal number and frequency of assessments 

needed to monitor patients over time. For individual persons additional assessments 

or a higher monitoring frequency might be needed. For example, HJHS assessment is 

generally used to monitor joint health and is an important candidate for a core set. It 

can be recommended to  monitor all 6 joints included in the HJHS every 5 years and 

monitor single joints more frequently in case of bleeding or other complaints (chapter 7). 

Moreover, when bleeds occurred or complaints are presents in other joints (e.g. hips), it 

can be recommended to monitor these joints as well. In joints with a low positive score on 

HJHS, additional HEAD-US examination may be able to identify whether these findings 

are due to early arthropathy (chapter 6). It is recommended to develop a core set with 

a minimum number of agreed assessments, which can be extended with personalized 

assessments. This is in accordance with recent developments of personalized care. 

MOVEMENT BEHAVIOUR
Pursuing optimal movement behaviour requires a high level of self-management skills, 

even in healthy adults. In the third part of this thesis we identified the majority of adults with 

haemophilia as sedentary, whereas less sitting and regular walking during the day seemed 

to be more beneficial (chapter 9). Compared to the general Dutch population we found 

no differences in sedentary hours, only a decrease in active hours (walking and running) 

(chapter 8). This underpins the importance of investigating daily movement behaviour 

as a total, instead of investigating separate parameters. Interventions directed at only 

one component of movement behaviour (e.g. increasing PA) may induce the risk of an 

inverse effect on other components (e.g. increasing sedentary behaviour) which can limit 

the effect of the intervention. Extensive literature in the general population and related 

disease groups shows the positive effect of increasing physical activity and decreasing 

sedentary behaviour on many health outcomes[3, 4]. In the most sedentary group small 
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changes in PA and sedentary behaviour can already improve several health outcomes[5, 

6]. We expect that in adults with haemophilia with a sedentary lifestyle an intervention 

directed at less sitting and regular walking has the potential to improve physical activity 

and participation. 

Current interventions that aim to improve physical functioning in adults with haemophilia 

include several forms of exercise therapy[7]. However, none are directed at changing 

movement behaviour. Physical literacy is a relatively new concept, describing all 

prerequisites for physical active behaviour and defined as “a disposition to capitalize on 

our human embodied capability, wherein the individual has the motivation, confidence, 

physical competence, knowledge and understanding to value and take responsibility 

for maintaining purposeful physical pursuits/ activities throughout the life course”[8]. 

Impairments in joint health therefore only partly explain a person’s movement behaviour. 

Although the focus in haemophilia care slowly moves from bleeding rates and joint status 

to activities and participation, knowledge and understanding of movement behaviour in 

relation to haemophilia is still neglected. A restraining attitude towards physical activity 

of close relatives and caregivers may influence confidence in physical activity of persons 

with haemophilia. Therefore, we recommend focusing on knowledge, understanding, 

confidence and motivation in physical activity of patients, relatives and caregivers as well 

as on physical competence. Intervening at a person’s total daily movement behaviour by 

targeting the whole framework of physical literacy has the potential to achieve long-lasting 

effects on activities and participation.

E-health is an upcoming phenomenon in healthcare and offers unique possibilities 

to provide information 24/7, support behavioural change and encourage self-

management[9]. Integrating E-health within regular face-to-face physiotherapy treatment 

allows for individualized treatment adjusted by a professional and home support to 

perform the advised movement behaviour and prescribed home exercises. A blended 

care intervention, integrating face-to-face physiotherapy treatment and E-health has 

the opportunity to address all components of physical literacy and therewith intervene 

at a person’s movement behaviour. Moreover, physiotherapy treatment of persons with 

haemophilia generally takes place in primary care. The low prevalence of haemophilia 

hampers the development of expertise of primary care professionals in this specific area. 

A blended care intervention has therefore also the potential to use general knowledge 

and skills of primary care professionals and support them with the specific knowledge 

about haemophilia. We recommend intervening at movement behaviour in adults with 

haemophilia using a blended care intervention directed at the whole framework of physical 

literacy. This should be developed and supported by an HTC, but performed by a primary 

care physiotherapist. 
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FUTURE PERSPECTIVES IN HAEMOPHILIA CARE
The main task of the physiotherapist connected to a HTC should be to support, stimulate 

and monitor self-management and participation in society. With a standardized core set, 

supplemented by personalized assessments, the HTC physiotherapist will be able to timely 

identify when additional support is needed. Actual treatment will take place in primary 

care, where primary care physiotherapists are coached by a specialized HTC colleague. 

We recommend developing international physiotherapy guidelines for haemophilia to 

standardize physiotherapy care, support primary care physiotherapists and to be able to 

offer all persons with haemophilia the same type of high quality care. E-health offers unique 

possibilities to provide information about haemophilia for primary care physiotherapists, 

facilitate communication between HTC and primary care and enable HTC physiotherapist 

to appreciate assessments in primary care (e.g. US). Moreover, e-health can support 

patients themselves by providing information, prescribed exercises and advised movement 

behaviour and offer possibilities for e-consults. We therefore recommend exploring 

the possibilities for the use of e-health to stimulate self-management of persons with 

haemophilia and to support primary care physiotherapists in the treatment of persons with 

haemophilia.

CHALLENGES AND OPPORTUNITIES IN HAEMOPHILIA RESEARCH
Study designs used in this thesis were mainly explorative, except for the longitudinal study 

in chapter 7. In de first part of this thesis we used a literature study and a qualitative study to 

identify potential items for a diagnostic checklist. A diagnostic study is needed to validate 

the proposed checklist. Challenges are to find a reference standard which is suitable for 

our population, as joint aspiration (the regular reference standard) can provoke a bleed 

and requires clotting factor replacement therapy. MRI or US imaging are candidates for 

an alternative reference standard, but the use of these assessment instruments to identify 

joint bleeds needs to be investigated more extensively. 

In the third part of this thesis a cross-sectional design is used to explore movement 

behaviour in adults with haemophilia. This study design is not suitable to address causal 

relations. A cohort study is needed to identify the influence of movement behaviour on 

physical functioning. Furthermore, interventions directed at changing movement behaviour 

and improving physical functioning need to be investigated. A traditional randomized 

controlled trial might not be feasible due to the rarity and heterogeneity of the disease. 

We therefore recommend considering alternative designs. A potential design is the single 

case randomized multiple baseline design, which is particularly suitable for a rare disease 

as haemophilia, since an impression of the effectiveness of an intervention can be obtained 

with a limited patient sample(10). This design is based on repeated observations during 

a baseline phase, an experimental phase and a post-intervention phase; the baseline 

phase acts as a control and is compared to the intervention and post-intervention phase. 



GENERAL DISCUSSION

206

10

By applying baselines of varying length (based on randomization), observed effects of 

treatment can be distinguished from change. Since this design requires a relatively stable 

baseline, it is only suitable for PWH in a steady state condition (meaning no acute bleeding). 

Results from the studies in this thesis are primarily generalizable to adults with haemophilia 

who are treated by a comprehensive care team and who have access to prophylactic 

treatment. However, it can be assumed that symptoms associated with joint bleeds and 

HA, as identified in the first part of this thesis, are similar in other populations and are 

therefore broadly applicable. Results from the systematic reviews in the second part of 

this thesis are widely applicable as well, since the included studies comprise a broad 

haemophilic population. In contrast, treatment possibilities have a major impact on 

the progress of joint disease, limiting the generalizability of chapter 6 and 7 to adults 

with haemophilia with similar treatment possibilities. When bleeding rates are higher 

more frequent monitoring might be needed and US assessment of slightly impaired joints 

on HJHS might be less relevant. Generalizability of the results from chapter 8 and 9 to 

other populations is limited since movement behaviour of persons with haemophilia is 

dependent on treatment possibilities and on cultural values [11, 12]. This needs to be 

taken into consideration when interpreting the results of the third part.

GENERAL CONCLUSION 
In the management of haemophilia emphasis should be placed on achieving or maintaining 

meaningful participation in society, for which self-management is essential. Appropriate 

and individualized support from haemophilia caregivers will enable persons with 

haemophilia to optimize self-management. With this thesis we aimed to contribute to self-

management of persons with haemophilia by starting the development of a tool to identify 

joint bleeds and by gaining insight in the effects of daily movement behaviour on physical 

functioning. Regular monitoring based on a core outcome set is needed to timely identify 

problems and start or adjust treatment when needed. This core set should be extended 

with additional assessments for individual purposes. In this thesis we made the first steps in 

the development of a core set and we identified when additional assessments are needed. 

Ongoing developments in health technology will create new possibilities for care givers to 

support self-management and therewith assure optimal participation in society. 
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Haemophilia is characterized by bleeding longer after an injury, easy bruising, and an 

increased risk of bleeding inside joints and muscles. Recurrent joint bleeds lead to 

haemophilic arthropathy (HA) through synovial inflammation and direct blood-related 

osteochondral changes. Joint pain, limitations in range of motion and muscle atrophy 

are the hallmark of HA, resulting in limitations in activities and participation. Persons 

with haemophilia (PWH) therefore require lifelong (prophylactic) treatment with clotting 

factor replacement therapy. However, PWH under intermediate dose prophylactic therapy 

still experience approximately 2 joint bleeds annually and clotting factor replacement is 

associated with high costs (180.000 US$ per patient annually). According to the newly 

proposed concept of positive health, health is defined as “the ability to adapt and to self-

manage, in the face of social, physical and emotional challenges”. The comprehensive 

care team supports patients to optimize self-management and participation, with a specific 

role for the physiotherapist in supporting patients with bleed recognition, early detection 

of impairments in joint health, activities and participation by regular monitoring and 

supporting patients in achieving and maintaining optimal movement behaviour. The aim of 

this thesis was to provide a basis for the evaluation of joints, provide a basis for monitoring 

joint health, activities and participation and provide insight in movement behaviour of 

persons with haemophilia.

DIFFERENTIATING BETWEEN JOINT BLEEDS AND ARTHROPATHY
Elderly PWH suffer from both joint bleeds and HA. Rapid and accurate differentiation 

between joint bleeds and HA is essential in order to offer appropriate treatment and it 

can decrease health costs significantly. Since most persons with severe haemophilia treat 

themselves at home, differentiating between joint bleeds and flare ups of arthropathy is 

generally done by patients themselves. The first part of this thesis includes the first steps 

in the development of a diagnostic criteria set to differentiate between joint bleeds and 

HA. The use of a validated checklist will support patients to make more accurate treatment 

decisions without the need to go to an HTC, and thus supporting self-management. 

Chapter 2 describes a narrative literature review on symptoms associated with joints bleeds 

and HA and additional techniques that can be valuable for differentiating. Results showed 

that there is no consensus about the symptoms associated with joint bleeds and that 

there is limited literature about the symptoms associated with HA. Furthermore, symptoms 

associated with joint bleeds partly overlap with symptoms of HA, particularly those 

symptoms associated with flare-ups of HA. Differentiating based on imaging techniques 

or biomarkers causes practical difficulties. A rapid and easy diagnosis based on clinical 

presentation therefore still seems the most convenient and practical solution for patients 

to perform at home. In chapter 3 we used focus groups with patients and professionals 

(specialized physicians, nurses and physiotherapists) to identify signs and symptoms that 

are used to differentiate between an intra- articular joint bleed and an acute flare-up of 

HA. Focus groups were structured according to the Nominal Group Technique. Based 
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on the results from the focus groups we made an initial proposal of items to include in 

a diagnostic criteria set; 1) course of the symptoms, 2) cause of the complaints, 3) joint 

history, 4) type of pain and 5) degree of impairments in range of motion.

MONITORING JOINT HEALTH, ACTIVITIES AND PARTICIPATION
Monitoring clinical outcome in PWH is essential in order to provide optimal treatment 

for individual patients and compare effectiveness of treatment strategies. Preferably, 

monitoring includes all domains of the International Classification of Functioning (ICF). 

Timely identification of support needed is essential to adjust treatment and maintain optimal 

participation. The second part of this thesis starts with two systematic reviews that provide 

a comprehensive overview of the measurement properties of a selection of commonly used 

tools developed to assess joint health, activities and participation in PWH. Methodologic 

quality of the studies included in the reviews was determined using the COSMIN checklist. 

Best evidence synthesis was used to summarize the results. Chapter 4 provides an 

overview of measurement properties of four haemophilia-specific tools to measure joint 

health, investigated in 98 studies. The physical examination score as recommended by 

the Orthopedic Advisory Committee of the World Federation of Haemophilia (WFH score), 

the Colorado Physical Examination score (CPE), the adjusted physical examination score 

as reported by Petrini (Petrini joint score, PJS), and the Haemophilia Joint Health Score 

(HJHS) were included. The methodological quality of the included studies was limited. 

The HJHS was studied most extensively, which yielded limited evidence for good internal 

consistency and structural validity, moderate evidence for hypothesis testing in adults and 

conflicting evidence for hypothesis testing in children. Reliability, measurement error and 

responsiveness were rated unknown due to low COSMIN scores. For the CPE and PJS we 

found limited to moderate evidence for good responsiveness and conflicting evidence for 

hypothesis testing. Chapter 5 provides an overview of measurement properties of tools 

developed to assess activities and participation. Five self-reported and four performance 

based measurement tools in 44 studies were investigated. Only hypothesis testing was 

investigated sufficiently in most measurement tools. The self-reported Haemophilia Activity 

List (HAL), Pediatric HAL (PedHAL) and the performance based Functional Independence 

Score in Haemophilia (FISH) were studied most extensively, however methodological quality 

of the studies was limited. Measurement error, cross-cultural validity and responsiveness 

have been insufficiently evaluated. Overall, measurement properties of the HJHS, HAL, 

pedHAL and FISH were most extensively studied, but significant gaps exist in the evidence 

on measurement properties.

To individualize assessments we investigated the added value of Haemophilia Early 

Arthropathy Detection with UltraSound (HEAD-US) compared to HJHS in chapter 6. 

Seventy-five joints of 15 adults with haemophilia were examined. The median scores 
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for a single joint on the HJHS and HEAD-US were 0 (IQR 0-4 and 0-5, respectively). 

The correlation between HJHS and HEAD-US was strong in all joints (ankles r=0.65, elbows 

r=0.81, knees r=0.98). One joint showed abnormalities on HEAD-US (cartilage loss) but 

not on HJHS. Four joints showed abnormalities on HJHS (loss of ROM and strength) but 

not on HEAD-US. Discrepancies were found in joints with HJHS score lower than 5 only. 

Therefore, in joints with minimal loss of function, HEAD-US assessment may be used to 

evaluate whether impaired joint function is caused by intra-articular changes. In apparently 

healthy joints according to the HJHS, HEAD-US may detect minimal osteochodral changes. 

In joints with pronounced osteochondral changes HEAD-US monitoring seems to have 

less additional value. In chapter 7 we investigated long-term changes in joint health in 

order to determine individualized monitoring frequency. Five to ten years follow-up of 

the HJHS was investigated in 62 adults with haemophilia. After five to ten years, HJHS 

total score deteriorated in 37% of the PWH and HJHS joint score deteriorated in 17% 

of the joints. Ankle joints (31%) showed deterioration more often than elbows (19%) and 

knees (3%). Deterioration of HJHS total score was only associated with severe haemophilia. 

Deterioration of HJHS joint score was mainly correlated with more joint bleeds and 

the presence of synovitis in the period between the measurements. These results suggest 

that monitoring of all 6 joints included in the HJHS may only be needed every 5 years, 

when single joints are monitored more frequently in case of bleeding or other complaints.

MOVEMENT BEHAVIOUR IN PERSONS WITH HAEMOPHILIA
The availability of prophylactic clotting factor replacement enables PWH to be increasingly 

physically active. However, pursuing optimal movement behaviour requires high level self-

management skills. Children with haemophilia who benefit from prophylactic treatment 

are as active as healthy peers; this has never been objectively investigated adult PWH. In 

chapter 8 were compared movement behaviour of 105 adults with haemophilia (73 severe) 

with 101 aged matched (mean age healthy 41.9±15.5, mild/moderate 42.8±15.1, severe 

42.1±13.6) healthy males. Movement behaviour was measured with an accelerometer 

(activ8) which is able to distinguish between; lying down/ non-wear, sitting, standing, 

walking, running and cycling. Results showed that adults with severe haemophilia sit 

and stand more than healthy adults (4.5 [CI 0.6-8.4] and 4.2 [CI1.8-6.6] hours/week, 

respectively) and walk and run less (3.4 [CI 1.4-5.3] hours and 33.6 [CI 19.0-41.7] min/

week, respectively). Patients with mild/moderate haemophilia stand more than healthy 

adults (3.3 [CI 0.1-6.4] hours/week). Differences in sitting between severe haemophilia 

and healthy adults and differences in standing between mild/moderate haemophilia 

and healthy adults disappeared when using activities as percentage of wear time. To 

identify phenotypes of movement behaviour within PWH we performed hierarchical 

cluster analysis in chapter 9. Cluster analysis identified 3 clusters; a “sedentary” cluster 

(57%), “bikers and runners” cluster (22%) and “walkers” cluster (20%). The “bikers and 
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runners” had a better joint health and experienced less limitations in activities than 

the “walkers” and the “sedentary”. The “walkers” perceived fewer limitations in activities 

than the “sedentary”, with comparable age and joint health. These results suggest that 

the majority of PWH is classified as sedentary, whereas less sitting and regular walking 

during the day seemed to be more beneficial.
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Hemofilie is een zeldzame, erfelijke, bloedstollingsstoornis, welke bij 1 op de 5.000 

mannen voorkomt. Mensen met hemofilie maken onvoldoende stolfactor 8 (hemofilie A) of 

9 (hemofilie B) aan, waardoor het lichaam geen stevige stolsels kan vormen. Dit resulteert 

in een verhoogd risico op bloedingen in spieren en gewrichten. Mensen met milde 

hemofilie hebben 5-40% factor 8 of 9 en hebben hierdoor alleen bloedingsproblemen na 

een trauma of een operatie. Bij iemand met 1-5% factor 8 of 9 wordt er gesproken van 

matig ernstige hemofilie. De klachten die deze mensen hebben kunnen verschillen van 

zelden tot frequente bloedingen. Bij minder dan 1% factor 8 of 9 speken we van ernstige 

hemofilie, hierbij kunnen spier- en gewrichtsbloedingen optreden zonder aanwijsbare 

oorzaak. De behandeling bij hemofilie bestaat uit het, intraveneus, toedienen van factor 8 

of 9. Dit gebeurt bij mensen met weinig klachten alleen als er spraken is van een bloeding, 

trauma of operatieve ingreep. Als iemand veel last heeft van bloedingen (meestal bij 

ernstige hemofilie) wordt er gestart met profylactische (preventieve) behandeling 2 tot 

3 keer per week. Ook met profylactische behandeling hebben mensen met ernstige 

hemofilie gemiddeld 2 bloedingen per jaar. Daarnaast zijn er aan de behandeling met 

stollingsfactoren hoge kosten verbonden (180.000$ per patiënt per jaar). 

Gewrichtsbloedingen komen het meest voor in de enkels, de knieën en de ellebogen. 

Herhaalde bloedingen in een gewricht leiden tot schade aan het kraakbeen en het bot; dit 

wordt hemofilie artropathie genoemd. Hemofilie artropathie wordt gekenmerkt door pijn 

en stijfheid van een gewricht, beperkingen in activiteiten en beperkingen in participatie in 

de samenleving. Mensen met hemofilie die voor de jaren 70 geboren zijn hebben in hun 

jeugd geen profylactische behandeling gehad en hebben daardoor veel meer bloedingen 

gehad dan jongeren tegenwoordig hebben. Dit heeft tot gevolg dat deze mensen vaak 

gevorderde gewrichtsschade hebben. Het multidisciplinaire team van een hemofilie 

behandelcentrum ondersteunt mensen met hemofilie zodat ze de hemofilie zo veel 

mogelijk kunnen “zelf-managen” en hierdoor zo optimaal mogelijk kunnen participeren 

in de samenleving. De fysiotherapeut in het hemofilie behandelcentrum heeft hierbij 

een specifieke rol in de ondersteuning bij het herkennen van gewrichtsbloedingen, het 

monitoren van gewrichtsklachten, activiteiten en participatie en het ondersteunen van 

optimaal beweeggedrag. 

Differentiëren tussen een gewrichtsbloeding en hemofilie artropathie
Mensen met hemofilie artropathie kunnen zowel gewrichtsbloedingen als artropathie 

gerelateerde klachten ervaren. De overlap in symptomen tussen hemofilie artropathie en 

gewrichtsbloedingen maakt onderscheiden lastig. In het eerste deel van dit proefschrift 

hebben we een begin gemaakt met de ontwikkeling van een checklist om klachten als 

gevolg van een bloeding en klachten als gevolg van hemofilie artropathie van elkaar te 

kunnen onderscheiden. Dat hebben we gedaan door de symptomen die gerelateerd 
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zijn aan een gewrichtsbloeding en de symptomen die gerelateerd zijn aan artropathie in  

de literatuur op te zoeken en met elkaar te vergelijken. Daarnaast hebben we opgezocht 

of er nog andere manieren zijn om het onderscheid tussen een bloeding en hemofilie 

artropathie te maken, bijvoorbeeld met beeldvormende technieken (echografie of MRI). 

Het bleek dat er veel overlap zit in de symptomen die passen bij een gewrichtsbloeding 

en symptomen die passen bij hemofilie artropathie. Toch is het op dit moment het meest 

praktisch om te differentiëren op basis van symptomen. Daarom hebben we tijdens 

focusgroep discussies met mensen met hemofilie artropathie en behandelaars (artsen, 

fysiotherapeuten, verpleegkundigen) gevraagd welke symptomen zij gebruiken om  

te differentiëren. De volgende symptomen kwamen hieruit naar voren: 1) het verloop van 

de klachten, 2) de oorzaak van de klachten, 3) de gewrichtsstatus, 4) het soort pijn, 5)  

de mate van bewegingsbeperking. 

Monitoren van gewrichten, activiteiten en participatie
Het monitoren van gewrichten, activiteiten en participatie bij mensen met hemofilie 

is essentieel om problemen tijdig te kunnen identificeren en de behandeling aan te 

kunnen passen. In het tweede deel van dit proefschrift hebben we onderzocht welke 

meetinstrumenten we hiervoor het beste kunnen gebruiken en met welke frequentie we 

moeten monitoren. Twee literatuurstudies lieten zien dat de meetinstrumenten die bij 

hemofilie gebruikt worden nog maar beperkt onderzocht zijn. De “Hemophilia Joint Health 

Score” (HJHS) wordt het meest gebruikt om gewrichten te beoordelen. De “Hemofilie 

Activiteiten Lijst” (HAL), de pediatrische HAL (PedHAL) en de “Functional Indepentend 

Score for Haemophilia” (FISH) worden geadviseerd om activiteiten en participatie te 

beoordelen. Echter, verder onderzoek naar de eigenschappen van deze meetinstrumenten 

is nodig.

Om het monitoren meer te kunnen individualiseren hebben we onderzocht wat  

de toegevoegde waarde van “Haemophilia Early Arthropathy Detection with Ultrasound 

(HEAD-US)” (echo onderzoek) is nadat een gewricht onderzocht is met behulp van  

de HJHS (lichamelijk onderzoek). Bij één van de gewrichten waarbij geen afwijkingen 

werden gevonden met de HJHS werden wel afwijkingen gevonden met de HEAD-US. 

Van de gewrichten met een lage (≤3) HJHS score (milde afwijkingen) werden in sommige 

gevallen geen afwijkingen gevonden met de HEAD-US. Bij gewrichten met een lage 

HJHS score kan de HEAD-US dus meer informatie geven. Bij gewrichten met een hogere 

HJHS score kwam deze altijd overeen met de echo bevindingen, en geeft dit dus niet  

meer informatie. 

Om de optimale frequentie voor het monitoren met behulp van de HJHS te kunnen bepalen 

hebben we gekeken naar de lange termijn verandering in de score op dit instrument. Na 

5 tot 10 jaar was de totaalscore in 37% van de mensen achteruit gegaan en de score per 
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gewricht was in 17% van de gewrichten achteruit gegaan. Achteruitgang van een gewricht 

was gerelateerd aan een hoger aantal bloedingen in het gewricht in de tussenliggende 

periode of de aanwezigheid van een synovitis in het gewricht. Gewrichten waar geen 

bloeding of synovitis in was geweest, waren niet achteruit gegaan. Deze resultaten wijzen 

er op dat alle 6 de gewrichten in de HJHS alleen eens per 5 jaar onderzocht hoeven worden 

als individuele gewrichten gemonitord worden op het moment dat er een bloeding of 

synovitis is geweest of als er spraken is van andere klachten. 

Beweeggedrag van mensen met hemofilie
Door de beschikbaarheid van profylactische behandeling met stollingsfactoren kunnen 

mensen met hemofilie steeds actiever zijn. Uit de literatuur was al bekend dat kinderen 

met hemofilie die de beschikking hebben tot profylactische behandeling net zo actief zijn 

als leeftijdgenoten. In het derde deel van dit proefschrift hebben we het beweeggedrag 

van volwassenen met hemofilie onderzocht. Volwassenen met hemofilie blijken meer te 

staan dan gezonde volwassenen en minder te lopen en te rennen. Er werden 3 subgroepen 

van beweeggedrag geïdentificeerd: sedentair (57%), fietsers & hardlopers (22%) en 

wandelaars (20%). Regelmatig lopen en minder zitten lijken een positief effect te hebben 

op de ervaren beperkingen in activiteiten. 
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