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ABSTRACT

Introduction: The improved quality of care and increased drug availability have shifted the goal of
treating people with hemophilia from life-threatening bleeding prevention to joint health preservation
and quality of life amelioration. Many tools are now available to the clinician in order to optimize the
management of hemophilic arthropathy.

Areas covered: This paper reviews the pivotal role of ultrasound evaluation in early detection of joint
bleeding and differential diagnosis of joint pain, with a focus on the feasibility of a long-term monitor-
ing of joint health through the use of artificial intelligence and telemedicine. The literature search
methodology included using keywords to search in PubMed and Google Scholar, and articles used were
screened by the coauthors of this review.

Expert opinion: Joint ultrasound is a practical point-of-care tool with many advantages, including
immediate correlation between imaging and clinical presentation, and dynamic evaluation of multiple
joints. The potential of telemedicine care, coupled with a point-of-care detection device assisted by
artificial intelligence, holds promises for even earlier diagnosis and treatment of joint bleeding.
A multidisciplinary approach including early intervention by physical medicine and rehabilitation
(PMR) physicians and physiotherapists is crucial to ensure the best possible quality of life for the patient.
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1. Introduction

Hemophilia A and B are rare bleeding disorders caused by
a complete or partial deficiency in coagulation factors VIII
(FVII) or IX (FIX). Individuals with severe hemophilia, charac-
terized by FVIII or FIX levels below 1 U/dL, if untreated with
adequate prophylaxis may experience spontaneous musculos-
keletal bleeding, which represent around 80% of overall bleed-
ing events. Recurrent joint bleeding, more frequent in the
ankles, elbows, and knees, can lead to hemophilic arthropathy,
characterized by irreversible joint damage [1].

Over the last decade, we have witnessed significant pro-
gress in hemophilia treatment, with a dramatic progress in the
pharmacological armamentarium [2,3]. Despite these strides,
challenges and unmet needs persist.

In the past, a FVIIl trough level of 1% was considered enough
to protect patients with hemophilia from spontaneous bleeding,
but Manco-Johnson et al. demonstrated that arthropathy pro-
gressed despite adequate prophylaxis even in the absence of
overt intra-articular bleeding [4]. Therefore, current international
recommendations suggest aiming for a FVIII trough level of 3-
5% [5,6]. More recently, several research groups have demon-

enough to prevent arthropathy [7,8], possibly also due to differ-
ent patient features such as baseline joint health and lifestyle,
leading to the need for a personalized approach. Our group has
also recently confirmed this data in a cohort of mild hemophilia
patients, demonstrating that a minimum FVIII trough level of
around 17% was needed to prevent spontaneous bleeding [9].
The improvement in the quality of health care and the
greater availability of replacement and non-replacement
drugs have facilitated a change in the objectives of prophy-
lactic treatment. From solely focusing on preventing life-
threatening bleeding, the aim of prophylaxis has now shifted
toward preserving joint health and enhancing overall quality
of life [10]. Nowadays, in the era of modern treatment for
hemophilia, including also non-replacement and gene therapy
[2], in order to optimize long-term joint health, efforts should
be directed toward the early detection of subclinical bleeding,
as there is evidence that even a single bleeding episode can
lead to cartilage damage and synovitis [11]. However, it is now
clear that the annual bleeding rate is not a reliable and
accurate outcome in hemophilia, as patients may not report
their treatments and bleeding events regularly in a diary; in

strated that higher FVIII trough levels, up to 15%, may not be addition, it has been demonstrated that patients and
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Article highlights

e Thanks to the improved quality of life care and novel drugs, long-
term joint health preservation has become the main target of treat-
ment for people with hemophilia.

« Differential diagnosis of joint pain and early detection of joint bleed-
ing can be made by means of ultrasonography, which has demon-
strated to be a reliable point-of-care tool.

» A standardization of the definitions used for ultrasound evaluation of
hemophilic joints is still lacking.

o A multidisciplinary management for joint bleeding which involves
clinicians, PMR physicians, and physiotherapists is the optimal
approach for people with hemophilia.

o Telemedicine, dedicated apps, and artificial intelligence-assisted
devices can facilitate the early recognition of joint bleeding
ensuring better follow-up and recovery.

physicians may not be able to correctly identify joint bleeding
by self-report or physical examination [12]. While many hemo-
philia comprehensive centers currently confirm joint bleeding
through point-of-care ultrasound examination, not all centers
have access to specialists proficient in musculoskeletal ultra-
sound. In a survey on 109 hemophilia treatment centers
worldwide, only half of the Centers declared its use as a point-
of-care tool, barriers to implementations being mainly the lack
of trained health-care professionals and the overall time com-
mitment required [13].

We here discuss the available tools to early detect joint bleed-
ing and damage, to monitor joint damage in the long term and
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remotely, and the multidisciplinary management needed to
optimize long-term joint health in hemophilia (Figure 1).

2. Materials and methods

The following keywords were used in different combinations
to identify relevant studies published in PubMed and Google
Scholar before March 2024: ‘hemophilia,” ‘hemophilic arthro-
pathy,” ‘physiotherapy,” ‘ultrasound,” ‘ultrasonography,” ‘joint,
‘joint bleeding,’ ‘cartilage,” ‘synovitis,’” ‘osteochondral,” ‘quality
of life,’ ‘telemedicine,’ ‘app,’ ‘application.’ The search was lim-
ited to English-language publications only. We included arti-
cles regarding patients with hemophilia. The selected articles
were identified by specialists in hematology, rheumatology,
computer science, and internal medicine based on their exper-
tise. Any articles for which no full text was available were
excluded.

3. Early detection of intra-articular bleeding and
hemophilic arthropathy

Ultrasound imaging is a simple and reliable tool for evaluating
joint health in patients with hemophilia. It is accurate as
a point-of-care tool, enabling the differential diagnosis of
joint pain due to intra-articular bleeding from pain due to
acute synovitis and pain caused by osteochondral damage.
Ultrasound imaging can identify joint bleeding even in the
absence of overt signs or symptoms, facilitating early

Joint bleeding

Synovitis

Intra-articular platelet rich
plasma or hyaluronic acid

Physical treatment

=
bt o
[ I——

Physical medicine and
rehabilitation and
physiotherapy

Cartilage
degeneration

Figure 1. Multidisciplinary approach to joint bleeding, synovitis and cartilage degeneration in patients with hemophilia. Created using Biorender.com.



intervention and prevention of joint damage. Indeed, subcli-
nical joint bleeding is not uncommon due to the availability of
both replacement and non-replacement treatments, which
mitigate clinical manifestations in patients with hemophilia.
In comparison with magnetic resonance imaging (MRI), mus-
culoskeletal ultrasound is much more sensitive in detecting
bloody (complex) effusion and distinguishing it from synovial
(simple) effusion. However, its diagnostic sensitivity in differ-
entiating blood clots and synovial hyperplasia may vary
depending on factors such as the operator's expertise and
the quality of the equipment used, potentially resulting in
a not completely satisfactory outcome [14-19].

Recurrent and spontaneous joint bleeding stands as the
most prevalent manifestation of hemophilia, with the ankles,
knees, and elbows, typically affected and termed ‘index joints’
[1]. The recurrence of intra-articular bleeding fosters the devel-
opment of synovitis, rendering these joints more susceptible
to further bleeds, and progressive joint damage. Historically,
the term ‘target joint’ denoted a joint experiencing recurrent
bleed, and the International Society of Thrombosis and
Hemostasis (ISTH) definition envisages three or more sponta-
neous bleeds into a single joint within a consecutive 6-month
period [20]. A joint ceases to be a target joint if there have
been fewer than two bleeds within 12 consecutive months
[20,21]. Recently, the term ‘problem joint’ has been proposed
to identify joints affected by chronic pain and/or with a limited
range of motion due to compromised joint integrity, encom-
passing chronic synovitis with or without osteochondral
damage even in the absence of recurrent bleeding [22]. The
United Kingdom Haemophilia Centre Doctors’ Organisation
(UKHCDO) guidelines suggest that, in patients on prophylaxis,
any joint experiencing more than two bleeds over a 6-month
period should be deemed an ‘at-risk joint," necessitating thor-
ough examination and investigations [23].

3.1. Early recognition of joint bleeding (hemarthrosis)

The term hemarthrosis refers to the presence of blood within
the joint, originating from the ancient Greek words haimo-
(blood) and arthro- (joint). Some clinicians interchangeably
use the term hemarthrosis with hemophilic arthropathy, pos-
sibly due to its resemblance to the term osteoarthrosis (which
in turn has become osteoarthritis in the Anglo-Saxon lan-
guage). To mitigate confusion, we advise to use the term
joint or intra-articular bleeding.

Normal synovial fluid is a transudate of plasma enriched
with  hyaluronans and lubricin, produced by type
B synoviocytes. It should not contain red blood cells, except
in very low numbers [24]. It has been hypothesized that iron
from the degradation of these cells is the primary cause of
blood-induced joint damage in hemophilia [25].

Historically, joint bleeding was suspected in patients based
on a suggestive history, such as spontaneous or trauma-
induced painful swelling, an ‘aura,’ i.e. a tingling sensation
preceding visible swelling or limping, particularly in small
children, who rarely complain about pain [20]. However, this
definition was applicable when patients were treated more
often with episodic replacement therapy and experienced
frequent intra-articular bleeding episodes. With the
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improvement of prophylaxis using both replacement and non-
replacement drugs and a higher level of protection, the sever-
ity of joint bleeding has markedly diminished [26], but it is
now evident that arthropathy progresses despite adequate
treatment even in the absence of overt joint bleeding. In
addition, patients and physicians may not be able to recognize
intra-articular bleeding, which may occur even without overt
joint swelling, as shown by point-of-care ultrasound [27]. This
poses a significant challenge for future early diagnosis and
prompt treatment.

Ultrasound, conducted by a suitably trained physician, is
valuable in assessing simple effusion, complex effusion (indi-
cative of joint bleeding), or synovial hypertrophy, manifested
as isoechoic thickening of the capsule [19,28].

Among the different proposed ultrasound scores, the
hemophilia early arthropathy detection with ultrasound
(HEAD-US) [29] and the Joint tissue Activity and Damage
Examination (JADE) [30] are applied worldwide. Both aim at
the evaluation and scoring of the presence and degree of
synovitis and osteochondral damage, although with different
definitions of the ultrasound features, but none of them
defines the characteristics of joint bleeding. Our group has
recently identified unmet needs in the description of ultra-
sound features of hemophilic arthropathy and joint bleeding
and proposed a set of definitions as a starting point for their
standardization and validation. This process has been pro-
posed and planned as a project in the context of the Factor
VIII/IX Standardization Subcommittee of the ISTH Scientific
and Standardization Committee [19].

3.2. Hemophilic synovitis

The term synovitis indicates a reaction of the synovial mem-
brane to a noxious stimulus [31,32]. Normally, the synovial
membrane is 2-3 cell-thick, whereas inflammation leads to
synovial hyperplasia, characterized by 10-12 cell-thick synovial
lining, formation of villi and angiogenesis, partly due to fibro-
blast-like synoviocyte proliferation or interstitial innate and
adaptive cellular infiltrate, depending on the underlying dis-
ease [33-35]. Synovial hypertrophy is characterized by the
formation of villi and proliferation of vascularization in the
sub-synovial layer, which is greater in hemophilic patients
than in those with rheumatoid arthritis [36,37]. In the instance
of hemophilic arthropathy, as a consequence of the repeated
bleeding and the overwhelmed synovial clearing capacity,
hemosiderin, the product of blood breakdown, is evident at
histopathology [1]. Hemosiderin deposits have been found
both in the synovial lining and the supporting layer in the
majority of patients affected by hemophilic synovitis, while in
patients affected by rheumatoid arthritis or osteoarthritis, they
were found in less than 25% [38]. Vascularization of the syno-
vial membrane in hemophilic arthropathy is prominent
although, compared to rheumatoid arthritis, a lower degree
of inflammation is observed [39,40].

An accurate differential diagnosis of acute joint pain is impor-
tant because intra-articular bleeding, even though subclinical,
needs to be immediately treated with factor replacement [11,12],
whereas acute synovitis may require treatment with selective
COX-2 inhibitors [27,41]. Synovial hyperplasia can be identified
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by ultrasound imaging as an abnormal capsule thickening that
appears as a non-displaceable and poorly compressible hypoe-
choic tissue that may exhibit a power-Doppler (PD) signal [42].
Indeed, differently from rheumatoid arthritis or other inflamma-
tory arthritides, the presence of a PD signal is not sensitive to
hemophilic arthropathy. When present, the PD signal denotes
the presence of inflammation in the course of acute synovitis and
is useful to distinguish it from complex (bloody) effusion, which
shows no PD signal [43,44]. A synovitis scoring system is available
to describe the intensity of the PD signal [45-50]. The importance
and significance of the PD signal in hemophilic synovitis are still
debated.

The finding of synovitis in the early stage of the disease
may be the sign of an inadequate prophylaxis regimen or
compliance issues, thus prompting pharmacokinetic studies
and finally leading to switching to a different drug with the
goal of personalized treatment, if necessary. In addition, the
presence of synovial hyperplasia and angiogenesis in this
stage of synovitis further predisposes patients to recurrent
intra-articular bleeding, whereas late-stage synovitis is mainly
characterized by fibrosis and is often not associated with
recurrent bleeding [51].

3.3. Detecting early osteochondral damage

The presence of blood into the joint cavity due to repeated
intra-articular bleeding is considered responsible for the syno-
vial and cartilage damage, eventually leading to hemophilic
arthropathy [1]. Although synovial changes are thought to
precede cartilage damage, iron may induce modifications in
both from the first bleeding episode [25]. As iron deposition
diffuses inside the joint cavity, damage develops throughout
the joint before, and possibly independent of, the synovial
mechanisms of cartilage destruction. To detect osteochondral
damage in patients with hemophilia, it is recommended to
perform ultrasonography at least at the typical sites corre-
sponding to the main index joints: the anterior portion of
the distal humerus (elbow), the femoral trochlea (knee), and
the anterior portion of the talar dome (ankle) [29]. Indeed, the
ability of ultrasound to evaluate deeper sites of osteochondral
damage is limited, although it has been proposed that the
osteochondral damage found in one surface can be consid-
ered representative of the overall status of the joint, due to
the diffuse deposition of iron in hemophilic patients [29].
Finally, all these distinctions may be helpful to detect early
osteochondral damage and follow its progression, but they
are irreversible, whereas in the early stages, synovitis could still
be reversible and should be the focus of prophylaxis fine-
tuning and treatment personalization.

4. The multidisciplinary management of people with
hemophilic arthropathy

With the increased availability of effective prophylaxis and the
establishment of a novel recommended protective trough
level of at least 3-5% for joint health [5,6], recurrent joint
bleeding in patients with hemophilia is a less frequent event.

Currently, the optimal approach to managing joint health is
to prevent or reduce the occurrence of joint bleeding in order

to prevent the onset or slow the progression of hemophilic
arthropathy. This envisages ensuring an adequate trough level
of the replacement treatment, performing periodical joint
imaging to assess for synovitis and osteochondral damage
and ruling out mechanical causes of bleeding.

4.1. Preserving joint health

The cornerstone of hemophilia treatment remains the replace-
ment of the deficient coagulation factor or a non-replacement
treatment ensuring adequate hemostasis, aiming at prevent-
ing recurring bleeding episodes such as joint bleeding and the
onset of arthropathy. However, current pharmacological inter-
ventions do not specifically address synovitis, a recognized
source of recurrent bleeding, and the primary driver behind
hemophilic arthropathy. Given the importance of iron in indu-
cing osteochondral damage, it is reasonable to think that
removing blood from the joint in the case of clinically evident
intra-articular bleeding, after adequate coverage with replace-
ment treatment, is beneficial not only for pain relief but also
for preserving long-term joint health. However, this point
remains to be clarified due to the absence of randomized
controlled trials [52,53]. Similar uncertainties surround intra-
articular corticosteroid therapy, potentially beneficial in speci-
fic cases, particularly in patients showing synovitis with PD
signal at the ultrasound examination [54].

It is clear that once synovitis has formed, an approach
based solely on factor replacement is inadequate. Currently,
there is no evidence that synthetic or biological disease-
modifying anti-rheumatic drugs may be effective in control-
ling synovitis, partly due to the lack of sensitive outcome
measures, the disease’s heterogeneity and the extensive fol-
low-up required. Anti-cytokine treatment with monoclonal
antibodies has been proposed as a mean to manage synovitis
and potentially reduce joint bleeding recurrence, although this
option remains speculative pending elucidation of the patho-
physiological mechanisms driving hemophilic arthropathy and
the precise involvement of proinflammatory cytokines [55].

The intra-articular administration of corticosteroids, hyaluro-
nic acid, and intra-articular platelet-rich plasma has been pro-
posed as conservative treatments for joint pain relief together
with COX-2 antagonists, when a surgical indication is not pre-
sent yet [56-60]. However, very limited evidence regarding the
long-term efficacy of these interventions in pain reduction and
prevention of arthropathy progression is available for hemophi-
lic arthropathy and other conditions such as osteoarthritis [61].

Patients with target joints refractory to prophylaxis and
local treatments may benefit from chemical synoviorthesis
with rifampicin or tetracyclines and radioisotopic synovect-
omy - the latter being more effective in large joints -, as
well as joint embolization in selected cases [62-64].

4.2. The role of physical medicine and rehabilitation
(PMR) and physiotherapy in hemophilia

Together with pharmacological options, non-
pharmacological management plays an important role in
preserving or improving joint health and physical function



in patients with hemophilia, as well as in encouraging
regular physical activity [65].

PMR and physiotherapy after acute bleeding is strongly
recommended to restore joint function and prevent com-
plications due to immobilization [66]. The best option is
a program of isometric muscle exercises and stretching
[67]. PMR and physiotherapy also play an important role
in the prevention of joint and musculoskeletal bleeds and
are a crucial part of the comprehensive care for patients
with hemophilia [6,68]. The optimal approach should
include resistance exercises, isometric exercises, bicycle
ergometry, treadmill walking, and hydrotherapy, with
a personalized approach [69]. Moreover, gait analysis per-
formed by physiotherapists is able to detect early changes
in the walking pattern with a noninvasive and well-
tolerated procedure, especially in the pediatric population
[70-73]. Therefore, to date, the role of the PMR physician
and physiotherapist, in synergy with the other specialists of
the multidisciplinary team such as rheumatologists, ortho-
pedic surgeons, and hematologists, is to provide
a personalized intervention aimed at maximizing the physi-
cal potential and ability of the individual, to support and
encourage physical activity, as well as to evaluate and treat
dysfunctions not necessarily related to acute bleeding epi-
sodes or surgery [74]. Although personalized prophylaxis
using factor replacement therapies or non-replacement
drugs notably reduces musculoskeletal bleeding episodes,
mitigating joint stress requires a combined approach of
pharmacological intervention and the meticulous observa-
tion of motion patterns, beginning from infancy, with
prompt intervention for any dysfunctions identified. Thus,
the role of the PMR physician and physiotherapist extends
to optimizing biomechanics, preventing bleeding episodes,
and facilitating sustained physical activity [75].

5. Long-term monitoring of joint health in the era of
telemedicine

Based on the evidence of the importance of immediately
identifying and treating joint bleeding to prevent irreversible
damage, tools that allow a very early diagnosis of intra-
articular bleeding are receiving growing interest.
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Telemedicine is defined as the distant supply of health-care
services and clinical assistance using information and commu-
nication technologies, such as the internet, wireless systems,
and mobile phones. Telemedicine brings several advantages,
such as the possibility of treating patients at home instead of at
the hospital, as well as an increased quality of life [76]. However,
telemedicine comprises several technologies that still need to
be addressed, validated, and deployed before being offered as
services to patients. Thanks to the technological development
and the introduction of telemedicine, patients can now use
electronic diaries (e-diaries) to record bleeds and treatments
(Table 1). E-diaries, commonly available as smartphone apps,
enable patients to input information about their treatment and
bleeding events more quickly and easily than paper diaries.
With varying degrees of detail, patients can document bleeds,
treatments, and patterns of physical activity.

Several proof-of-concept studies have demonstrated the
feasibility of at-home ultrasound imaging for the early diag-
nosis of joint bleeding, and the research group of Von
Drygalski reported that after a 3-month training, patients
were comfortable with home-based mobile ultrasonography
and could acquire the correct images with good quality
[77,78]. More recently, a clinical trial (NCT04131920) has
assessed the feasibility and utility of a patient hand-held
home ultrasound to determine if joint pain is caused by
bleeding, but data analysis is still ongoing. Another solution
supports self-acquisition by guiding the patient in the correct
positioning of the ultrasound probe thanks to a machine
learning model that detects anatomical markers in real time,
hence computing how the probe should be moved [79].

To facilitate early detection of subclinical bleeding, artificial
intelligence has been tested as well. Artificial intelligence
consists of techniques that can be trained on existing data
to identify patterns, enabling it to assist clinicians in diagnos-
ing by recognizing these patterns in imaging data.

An expert group in data science, ultrasonography, and
hemophilia care (University of Toronto, software company
SofTx Innovations Inc.,, and Novo Nordisk) developed an Al-
enabled software prototype using a portable ultrasound
device. The algorithm was trained by viewing over 50,000
images of the knee from community controls and over 1,000
images of the knee from patients with hemophilia and
showed a good diagnostic accuracy [80].

Table 1. Main available applications (apps) for health monitoring in hemophilia.

App Platforms Main features Addressability
MicroHealth Hemophilia  Android, i0OS Logging infusion and bleeding, Patients, Caregivers, Doctor
Microhealth Inc. set reminders for infusion,
share data via e-mail, manage multiple users,
communicate with hemophilia treatment center via chat,
educational resources.
myWAPPS, McMaster Android, i0S Logging infusion and bleeding, Patients, Doctors
University set reminders for infusion,
share data via e-mail.
HemMobile, Pfizer Inc. Android, i0S Logging infusion and bleeding, Patients, Doctors
set reminders for infusion,
share data with physician,
integration with Google Fit and Apple Health.
Florio HAEMO Android, i0S Logging infusion, logging bleeding, set reminders for Patients, Doctors

infusion, share data with physicians, integration with
Google Fit and Apple Health.
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In a study by Ai et al.,, the authors studied the possibility of
predicting the risk of bleeding for a series of children (N =98)
with hemophilia A, using three machine learning models to
discriminate between bleeding and non-bleeding events [81].
The main suggestion of their study is to use these models to
guide children in their physical activities. The analysis has
been done on clinical parameters, focusing on the treatment
and physical characteristics of the patients. Our group has
proposed a solution to detect joint recess distention as
a proxy of joint bleeding through the use of a multi-task
model that achieves a balanced accuracy value of 0.78 in
distinguishing the distended and non-distended sub-
quadricipital recess of the knee [82].

Ahmetovic et al. proposed Play4Physio, a telerehabilitation
mobile application designed for patients with hemophilia [83].
Through a short setup phase, the system is trained to recog-
nize personalized movements during exercise performance,
based on the specific rehabilitation needs of each patient.
These movements are then mapped as controls for existing
and popular mobile video games, selected based on the
patient’s interest and on the compatibility with the exercise
intensity and pace. The patient can then exercise indepen-
dently at home, while PMR physicians and physiotherapists
can remotely monitor whether the rehabilitation schedule is
properly followed [83].

6. Conclusion

In an era characterized by the widespread availability of
advanced treatments offering increased effectiveness and
safety for individuals with hemophilia, our focus naturally
shifts toward preventing disability and enhancing health-
related quality of life. Incorporating ultrasound and telemedi-
cine for the timely detection of even the slightest joint bleed-
ing provides an opportunity for accurate diagnosis and
optimal management, contributing to the preservation of
joint health. The involvement of a multidisciplinary team is
crucial, ensuring comprehensive and personalized treatment
to address the unique needs of each patient with hemophilia.

7. Expert opinion

Given the well-established knowledge that a single joint bleed
can cause irreversible damage, we advocate for a target of
zero joint bleeds across all hemophilia treatments and for
improved systems for early joint bleeding detection in the
foreseeable future.

Indeed, ultrasound emerges as an easily accessible point-of-
care tool for early joint bleeding detection and differential
diagnosis of painful joints, offering a number of advantages
over MRI. These advantages include applicability in infants
and elimination of sedation requirements due to its tolerability,
absence of ionizing radiation, the ability to assess multiple
joints at each session, immediate correlation between imaging
and clinical presentation, and a dynamic evaluation that is not
feasible with MRI. The suggested equipment for musculoskele-
tal ultrasound is usually a high-end device with a 5-12 MHz
linear probe to accommodate different depth and width of the
joints [84]. In addition, it has been demonstrated that the

combined use of ultrasound and physical examination is super-
ior to using either method alone, providing comprehensive
information regarding anatomical and biomechanical changes
in hemophilic arthropathy. Ultrasound can detect synovitis even
in the early stages of hemophilic arthropathy, while a physical
examination assesses mechanical aspects such as strength,
pain, and gait that cannot be measured by ultrasound [41,84].

The use of ultrasound in detecting joint bleeding keeps
evolving; however, its utilization remains somewhat restricted
to several hemophilia care centers, likely due to the need for
a more widespread specific training program for health-care
providers dealing with hemophilia. An important considera-
tion lies in the special attention that pediatric joints require.
The complexity arises from the significant variability in the
growth processes of individuals and challenges in detecting
joint capsule distension in cartilage-rich joints, where distin-
guishing it from intra-articular fluid can sometimes be difficult.
Specific training on musculoskeletal ultrasound is suggested
to better understand the ultrasound anatomy and physio-
pathology of the joints, and we advocate this will be part of
the hematology residency.

Another obstacle is the absence of standardized ultrasound
definitions for different aspects of hemophilic arthropathy and
its severity. In the future, efforts should focus on technologies
supporting physicians in distinguishing synovial from bloody
effusion and detecting even minimal amounts of bloody effu-
sion in patients’ joints. This could also lead to the simplifica-
tion of the current ultrasound acquisition protocols and
scoring systems.

Looking ahead to the potential of telemedicine care, the
availability of clear standardized definitions and criteria,
coupled with point-of-care detection devices, holds promise
for earlier treatment initiation in the patient’'s home. This
approach not only ensures swift intervention but also contri-
butes to the emerging objective of personalized, participative,
and patient-centered contemporary hemophilia management,
aiming to further postpone joint damage. Moreover, home-
based early differential diagnosis of joint pain, can avoid any
possible overtreatment due to the misinterpretation of the
symptoms, thus reducing the direct costs of drugs for hemo-
philia treatment; on the other hand, it allows prompt treat-
ment even in those cases of subclinical bleeding that are often
overlooked and undertreated by the patients, decreasing the
number of days of convalescence thanks to an early adequate
intervention and monitoring the rehabilitation period after
a joint bleed. One of the possible scenarios in the differential
diagnosis of painful joints is the finding of synovitis with PD
signal at ultrasound in the absence of signs of joint bleeding,
indicating active synovitis [41]. Although the treatment of this
complication is still debated due to the absence of rando-
mized clinical trials, COX-2 inhibitors could be beneficial for
inflammation [6,85]. On the other hand, considering recent
evidence showing that synovitis is associated with a higher
risk of spontaneous joint bleeding, reevaluation, and, if
needed, intensification of the prophylactic regimen is advisa-
ble based on individual factors (pharmacokinetics of the admi-
nistered drug, lifestyle, sport activity, physical exercise), with
a strict follow-up of the patients at 72 h from the painful event
to ensure that joint bleeding is not missed [41,86].



Given the heterogeneity of clinical manifestations in
patients with hemophilia, personalization will be crucial for
accurate multidisciplinary management. This approach will
rely not only on genetic and molecular data but also on
lifestyle, activity, and joint health information that telemedi-
cine systems can more easily provide. Physical activity and
sports, once deemed off-limits for hemophilia patients, are
now viable and strongly recommended, provided the patient
receives adequate protection through personalized treat-
ment tailored to the intensity and frequency of their activ-
ities. Lastly, reducing the number of unnecessary visits to
medical centers will improve patients’ quality of life and
decrease social costs related to absences from work or
school.
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