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ABSTRACT

Introduction:: Magnetic resonance imaging (MRI) is the gold standard for assessing haemophilic arthropathy using the IPSG
scale. However, MRI-detected abnormalities often correlate poorly with pain, suggesting that structural damage alone cannot
explain symptoms. Assessing additional features such as bone marrow oedema (BME) may better capture disease activity and
pain in people with haemophilia (PwH).

Aim: This study aimed to evaluate the presence and extent of bone BME in the ankles of PwH, assess the reproducibility of MRI
scoring for BME and IPSG, and examine correlations between MRI findings, clinical parameters, pain, and ultrasound results.
Methods: A prospective study was conducted on 56 PwH, assessing 108 ankle joints via MRI using a 3T scanner. IPSG and BME
scores were independently assessed by two blinded radiologists. Statistical analyses assessed inter-reader agreement, correlations
between MRI scores, and their associations with ultrasound (HEAD-US), joint health (HJHS), and pain intensity over the past 24
h and 4 weeks.

Results: BME was observed in 45% of left and 34% of right ankles. Both IPSG and BME scores showed high reproducibility. BME
scores correlated strongly with pain (o = 0.61-0.68) and moderately with joint health (HJHS, p = 0.56), whereas IPSG total scores
showed moderate correlations with pain (o = 0.46-0.51). Resampling analyses confirmed stronger BME-pain associations.
Conclusions: This study shows that BME is common in haemophilic ankles and more strongly associated with pain and joint
health than IPSG scores. Integrating BME into MRI assessments may enhance evaluation and monitoring of haemophilic joint
disease.

1 | Introduction haemophilia (PwH), significantly impacting their quality of life
[1]. Chronic pain is reported in one out of two individuals with
severe haemophilia [2], with the ankle being the most frequently

Haemophilic arthropathy is an irreversible condition that affected joint and the primary source of pain in this population

remains a leading cause of disability and pain in people with [3].
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Magnetic resonance imaging (MRI) is the gold standard for
evaluating joint damage in PwH. It provides a comprehensive,
non-invasive assessment of both osteochondral and soft tissue
changes, allowing early detection of haemophilic arthropathy
and monitoring of disease progression [4-7]. The International
Prophylaxis Study Group (IPSG) scale is currently the reference
MRI scoring system for haemophilic joints, evaluating both
osteochondral damage (surface erosions, subchondral cysts, and
cartilage degradation) and soft tissue changes (effusion, synovial
hypertrophy, and hemosiderin deposition) [8]. The IPSG scale
is the standard research tool for assessing haemophilic joints,
mainly designed for multi-centre studies, but it is not yet validated
for routine clinical use. It has demonstrated high intra- and inter-
reader reliability for assessing haemophilic arthropathy of the
ankle joint, including the tibiotalar (TTJ) and subtalar joints
(STJ) [9]. However, while this reliability supports its use for
consistent scoring, other aspects such as accuracy and responsive-
ness remain less well established for detecting and monitoring
haemophilic arthropathy.

Recent studies have investigated the relationship between struc-
tural joint damage observed through MRI, functional impair-
ment, and pain in individuals with haemophilia [10-13]. Collec-
tively, these investigations suggest a notable discordance between
imaging findings and patient-reported pain severity. Several
studies, including those by Roussel et al. [12] and Chantrain et al.
[13], have shown that patient-reported pain intensity in PwH
does not strongly correlate with MRI- or ultrasound-detected joint
damage, indicating that factors beyond structural deterioration
contribute to pain perception. These findings highlight the
complex and multifactorial nature of pain in haemophilia-related
joint disease, suggesting that structural damage alone may not
fully explain functional limitations and discomfort. However,
most available studies are cross-sectional, and longitudinal evi-
dence linking structural changes over time with pain remains
limited.

The IPSG score does not incorporate the assessment of bone
marrow oedema (BME), although being a key feature observed
in various degenerative and inflammatory joint conditions. BME
is characterized by an intermediate-to-low signal intensity (SI)
on fat-sensitive T1-weighted images and high-to-intermediate SI
on fluid-sensitive T2-weighted images, indicating increased water
content associated with local inflammation. Its presence has been
strongly linked to pain and disease activity in multiple joint
disorders [14-19].

In the ankle and foot, BME has been identified in multiple
conditions, including trauma, stress fractures, complex regional
pain syndrome, inflammatory disorders, and in transient or
migratory BME syndromes, whose aetiology remains poorly
understood [20]. Its presence near ankle joint surfaces has also
been associated with pain and with clinical improvement when
the signal regresses [21].

Histologically, however, MRI-detected “BME” represents a het-
erogeneous spectrum of subchondral changes rather than pure
interstitial oedema. Studies have shown that areas of BME
on MRI may consist of combinations of fibrosis, trabecular
microfractures, necrosis, haemorrhage, cystic or pseudocystic
change, or fibrovascular marrow replacement [18, 19, 22, 23].

Although terms such as “BME-like signal changes” or “bone
marrow lesions” may better reflect this histological heterogeneity,
we retain the term BME for clarity and consistency with the
haemophilia literature.

In haemophilic ankles, MRI findings often fail to reliably explain
joint pain, as current MRI scoring systems do not account
for BME [12]. Based on our experience, subchondral BME
is frequently observed in haemophilic ankles, yet it remains
unaddressed in conventional MRI scoring scales.

We hypothesized that BME contributes to joint pain and may pro-
vide complementary information to existing MRI assessments.
The aim of this study was therefore to evaluate the presence and
extent of BME in haemophilic ankles, assess the reproducibility
of MRI scoring for BME and IPSG, and examine correlations
between MRI findings, pain, clinical parameters, and ultrasound
results.

2 | Materials and Methods
2.1 | Participants and Procedure

Participants were recruited by phone before their annual con-
sultation at the Haemophilia Comprehensive Treatment Centre
of the Cliniques universitaires Saint-Luc (Brussels) and the
Antwerp University Hospital (Edegem), two of the main Belgian
reference centres for haemophilia care. Together, these centres
provide follow-up for a large share of the approximately 1,150
PwH registered in Belgium. Eligible candidates were adult males
(>18 years) with moderate or severe haemophilia A or B on a
stable treatment regimen for at least six months. Presence of ankle
arthropathy or pain was not required for inclusion, as the study
aimed to capture the full spectrum of ankle joint involvement
in PwH. Exclusion criteria included MRI contraindications, prior
ankle arthrodesis or prosthesis, and recent hemarthrosis (within
one month) to minimize bias in joint and pain evaluation.
Eligibility was first verified through a review of medical records
before contacting potential participants, and reconfirmed during
the study visit. Participants were then contacted by phone by
the study investigators (VAC and AF), who provided study
information, confirmed eligibility, and arranged the assessment
schedule. Both examiners, VAC and AF, were PhD students not
involved in routine clinical care at either haemophilia centre
and had no prior relationship with the participants. The study
received ethical approval (B300201942304, 2019/280CT/469), and
all participants provided written informed consent.

2.2 | MRI Acquisition

All participants underwent bilateral ankle MRI at Cliniques
universitaires Saint-Luc (UCLouvain, Brussels) using the same
3T scanner (Signa Premier, GE Healthcare) and standardized pro-
tocol, regardless of their recruitment site. The imaging protocol
included sagittal high-resolution 3D T1-weighted turbo spin echo
images, along with sagittal, coronal, and axial proton density
(PD)-weighted images using the Dixon technique. Sagittal T2*-
weighted gradient echo images were also acquired. A 3.0T HD
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FIGURE 1 | Schematic representations of the ankle compartments used for scoring subchondral bone marrow oedema, inspired by the magnetic

resonance imaging score approach (WORMS). The TTJ is analysed in the coronal plane, dividing the talar dome into four sections, the distal tibia into

three, and the articular surface of the lateral malleolus into one. The STJ is examined in the sagittal plane, with its postero-lateral portion divided into

two compartments and its antero-medial portion into one, corresponding to the talar and calcaneal articular surfaces.

8-channel Foot and Ankle Coil (GE HealthCare) was used for all
scans. MRI sequence parameters are presented in Annex 1.

2.3 | MRI Analysis and Scoring Methodology for
Joint Assessment

All MRI sequences were analysed on PACS workstations using
windowing, scroll, link, and multiplanar reformat tools. For PD-
weighted images, only water-only (fat-suppressed) and in-phase
(PD-weighted) images were considered. The TTJ and STJ were
evaluated using the IPSG-MRI score, with two radiologists (SG
and FL) independently scoring all sequences while blinded to
other data. SG has 5 years of experience in musculoskeletal MRI,
while FL is a senior musculoskeletal radiologist with 30 years of
experience in this field. The IPSG-MRI scoring system assigns
subscores for soft-tissue (0-9) and osteochondral (0-8) changes
(8). Soft-tissue abnormalities—effusion/hemarthrosis, synovial
hypertrophy, haemosiderin deposition—are graded 1-3 for small
to large involvement; osteochondral damage is scored 1 point
per positive finding across erosions, cysts, and cartilage defects
(maximum = 17) (Table 1). Joints were classified as “abnormal” if
the IPSG-sum score was >1/17, unless solely due to effusion.

2.4 | Quantification and Grading of Bone Marrow
Oedema

BME was characterized as “an ill-defined area of infiltration
within the subchondral bone marrow, exhibiting intermediate to
low SI on Tl-weighted MR images and intermediate to high SI
on water-only PD MR images” [22]. BME quantification was per-
formed using sagittal and coronal water-only PD-weighted MR
images. BME quantification followed a compartment-based semi-
quantitative approach adapted from the Whole-Organ Magnetic
Resonance Imaging Score (WORMS), a validated MRI scoring
system extensively used for grading BME in knee osteoarthritis
[24] (Figure 1). WORMS was selected for its simplicity, extensive
use, and strong validation in large cohorts. Our compartmental
schematics were also directly inspired by the regional mapping

structure of WORMS, making it an appropriate framework for
adaptation to the ankle. Using sagittal and coronal water-only PD-
weighted images, the TTJ and STJ were systematically divided
into predefined subregions, and BME was graded from 0 to
3 based on its maximal depth beneath the subchondral bone
plate, following the principles of WORMS (Table 1). Grade 0
corresponded to no BME, grade 1 corresponded to a depth of 1-
5 mm, grade 2 to a depth of 6-10 mm, and grade 3 to a depth
> 10 mm. If confluent BME affected both TTJ and STJ surfaces
within the talus, a grade of 3 was assigned to both compartments
(Figure 2).

2.5 | US Assessment

All ankle joints were assessed using US with a 3.0-13.0 MHz
linear probe (Esaote, MyLab Gamma, Genova, Italy). The
Haemophilia Early Arthropathy Detection with Ultrasound
(HEAD-US) protocol was applied to detect and quantify disease
activity, including hypertrophic synovium and osteochondral
damage affecting cartilage and bone [25]. This evaluation pro-
duced the HEAD-US sum score (0-8), where higher scores
indicate more severe joint abnormalities (Table 1). For cartilage
and bone assessment, the US examination focused specifically
on the talar dome. All US examinations were performed by the
same examiner (VAC), trained in the HEAD-US protocol, to
ensure consistency and minimize inter-operator variability. The
examiner was blinded to MRI results (assessed by radiologists)
and pain scores (assessed by AF), but not to the HJHS, which she
also performed.

2.6 | Joint Health and Pain Assessment

The Haemophilia Joint Health Score, version 2.1 (HJHS 2.1), was
applied by the same investigator (VAC) to evaluate ankle joint
health [25]. This score assesses swelling, duration of swelling,
muscle atrophy, crepitus on motion, loss of flexion, loss of
extension, joint pain, and strength, with a maximum of 20 points

40f13

Haemophilia, 2026

85U8017 SUOWIWIOD BAEa.D 8|qed!|dde 8Ly Aq pausenob ae sspie YO ‘88N JO Sa|nJ Joj Aiq18UlUO AB|IAA UO (SUORIPUOD-PUR-SWIBIAL0D A8 1M AeIq U1 |UO//SANY) SUORIPUOD PUe SWe 13U} 88S *[9202/20/0T] uo Ariqi]auluo (1M ‘urAno e anbijoyed ayseAln Aq T2Z0, @eU/TTTT OT/I0p/A0d A8 | m Areiq1jeuljuoy/sdny wouy pepeojumod ‘0 ‘9TSZS9ET



FIGURE 2 | Proton-density weighted MRI images showing various
BME scores in the TT joint grade 0: A, grade 1: B, grade 2: C, grade 3: D.

per ankle (the gait score was not included). Higher scores indicate
greater severity, and a score of >1/20 was considered positive.

Participants rated their ankle pain intensity using a 10-point
Numeric Rating Scale (NRS), from 0 (“no pain”) to 10 (“worst
pain imaginable”), for both the past 24 h (NRS-24H) and the past
4 weeks (NRS-4 W) [26]. The NRS was administered in written
form as a subjective self-assessment tool.

US assessments and joint health scores were systematically per-
formed on the same day as the participant’s annual haemophilia
consultation. MRI examinations were, whenever possible, sched-
uled on that same day; however, for participants living close to
the treatment centre, the MRI could exceptionally be performed
within a short interval (maximum of 10 days) from the clinical
evaluation. In all cases, pain questionnaires were completed on
the same day as the MRI. All study procedures were conducted
separately from, and completed before, the clinical consultation
to avoid bias and minimize participant burden.

2.7 | Statistical Analysis

Summary statistics were reported as mean [95% CI] for normally
distributed data and median [95% CI] for non-normally dis-
tributed data (according to Shapiro-Wilk’s test). Reproducibility
of MRI measurements was evaluated using the Bland-Altman
method [27], computing the mean bias, precision (+1.0 x SD),
and the reproducibility detection coefficient (RDC = 1.96 x SD),
which represents the 95% limits of agreement between readers.

A one-sample, two-tailed ¢-test was performed to assess whether
the mean bias was significantly different from zero. The grading
of BME was performed by the same two radiologists (SG and
FL) who independently scored the IPSG-MRI scale, both being
blinded to clinical and ultrasound data. Inter-reader agreement
was assessed on a subset of 30 patients (pooling left and right
ankles), evaluated by the junior (SG) and senior (FL) readers,
while the remaining patients were scored by a single reader (SG).
Correlations between MRI scores of the left and right ankles were
examined using Spearman’s rho, treating ankles from the same
patient as a cluster. Because significant correlations were found
between sides, subsequent analyses were stratified by left and
right ankles to avoid violating independence assumptions and
to preserve the validity of correlation estimates, including those
between MRI scores, US findings, and clinical parameters.

To compare the strength of correlations between MRI measure-
ments and clinical parameters, a resampling procedure without
replacement was applied, drawing 300 random samples (N = 43
patients) from the full cohort. This resampling approach was used
to obtain more robust estimates of the correlation coefficients
and to enable a statistical rather than qualitative comparison
between them by approximating their sampling distributions
through repeated random sampling. A two-sided paired t-test (or
Wilcoxon test when non-parametric assumptions applied) was
performed, and the mean or median difference in Spearman’s rho
was derived.

A p value < 0.05 was considered statistically significant. Correla-
tion strength was classified as weak (rho < 0.50), moderate (0.50
< rho < 0.70), or strong (rho > 0.70) [28]. All statistical analyses
were conducted using MATLAB (R2021b Update 2, MathWorks)
and MedCalc (v20.211).

3 | Results

3.1 | Study Population and Ankle Joint
Characteristics

A total of 104 PwH were initially contacted for participation.
Thirty-eight declined the MRI examination, mainly due to time
constraints (31/38) or discomfort related to the procedure (4/38),
while three did not specify a reason. Additionally, nineteen partic-
ipants who initially agreed to take part did not complete the NRS
pain questionnaires and were therefore excluded. Ultimately, 56
PwH were included in the study, with four ankles excluded due
to prior surgical arthrodesis or arthroplasty. The final analysis
comprised 55 left and 53 right ankle joints. The distribution of
IPSG and BME scores, along with their subscores for the TTJ and
STJ, is presented in Table 2.

Among the total IPSG scores, 20% of left ankles and 19% of right
ankles showed no structural abnormalities (IPSG total = 0). Soft
tissue changes were relatively uncommon, with 69% of left ankles
and 62% of right ankles showing no synovial involvement in the
TTJ (IPSG subscore for soft tissue changes in the TTJ-IPSG TT
Soft = 0), and 67% of left ankles and 70% of right ankles showing
no soft tissue changes in the STJ (IPSG subscore for soft tissue
changes in the STJ-IPSG ST Soft = 0).
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Osteochondral changes were more frequent, with 53% of left
ankles and 55% of right ankles exhibiting some degree of osteo-
chondral damage in the TTJ (IPSG subscore for osteochondral
changes in the TTJ-IPSG TT OC > 0). In contrast, 70% of left
ankles and 60% of right ankles showed no osteochondral changes
in the STJ (IPSG subscore for osteochondral changes in the
STJ-IPSG ST OC =0).

BME was commonly observed, affecting 45% of left ankles and
34% of right ankles (BME overall score for both the TTJ and STJ-
BME total > 0). It was absent in 58% of left ankles and 47% of right
ankles in the TTJ (BME score for the TTJ-BME TT = 0), and in 73%
of left ankles and 60% of right ankles in the STJ (BME score for
the STJ-BME ST = 0).

3.2 | Reproducibility

Results from the Bland-Altman analysis are given in Annexes 2
and 3. Small biases were observed across all scores, with absolute
differences well below one scoring point. RDC values remained
low overall, with all IPSG and BME subscores <1 scoring point,
while total IPSG and BME scores had RDC values of <2 scoring
points.

3.3 | Correlation Between MRI, US, Pain and Joint
Health Scores

Correlation measures are reported in Table 3, and additional
correlations between IPSG scores and BME scores are provided
in Annex 4. Only IPSG TT OC, IPSG TT, IPSG total, BME TT, and
BME total showed significant correlations with joint health and
US scores.

The IPSG TT OC showed a moderate correlation with NRS-24H
(tho_left = 0.62, rho_right = 0.59), NRS-4 W (rho_left = 0.59,
rho_right = 0.67), and HJHS (rho_left = 0.64, rho_right = 0.71),
while also strongly correlating with US-based cartilage (rho_left
=0.82, rho_right = 0.79), bone (rho_left = 0.85, rho_right = 0.78),
and total HEAD-US scores (rho_left = 0.81, rho_right = 0.81).

Similarly, BME TT (TTJ alone) and BME total (TTJ and STJ)
showed strong correlations with NRS-24H (BME TT: rho_left =
0.76, rho_right = 0.69; BME total: rho_left = 0.74, rho_right =
0.80) and NRS-4 W (BME TT: rho_left = 0.73, rho_right = 0.74;
BME total: rho_left = 0.79, rho_right = 0.84), indicating that
higher BME scores were associated with greater pain intensity.
BME TT also showed a moderate correlation with HJHS (rho_left
= 0.64, rho_right = 0.69).

Additionally, strong correlations were observed between BME TT,
BME total and the total HEAD-US score (BME TT: rho_left =
0.76, tho_right = 0.75; BME total: rho_left = 0.73, rho_right =
0.73), US-based cartilage (BME TT: rho_left = 0.76, rho_right =
0.70; BME total: rho_left = 0.71, rho_right = 0.71) and bone (BME
TT: rho_left = 0.79, rho_right = 0.75; BME total: rho_left = 0.74,
rho_right = 0.75) subscores.

FIGURE 3 | (A) A minimally symptomatic patient with moderate
arthropathy (IPSG TT 5/17) presents a low BME score (BME TT 7/24),
aligning with mild clinical symptoms (HJHS 4/20, NRS-24 h 3/10, NRS-4w
4/10). (B) A markedly symptomatic patient with severe arthropathy (IPSG
TT 7/17, IPSG ST 10/17) displays high BME scores (BME TT 14/24, BME
ST 9/18), corresponding to significant clinical symptoms (HJHS 16/20,
NRS-24 h 9/10, NRS-4w 9/10).

3.4 | Difference in Correlation Between MRI and
Clinical Parameters/US Scores

Results from the resampling study are reported in Table 4.
Overall, similar trends were observed in both ankles, except when
comparing the correlation between BME TT and US and that
between IPSG TT and US.

Correlations between BME TT and respectively NRS-24H, NRS-
4 W and HJHS were stronger than those between IPSG TT
and these same pain intensity and joint health scores (NRS-
24H: difference in rho ranging from +0.09 to +0.12; NRS-4W:
difference in rho ranging from +0.10 to +0.12; HJHS: difference
in rho ranging from +0.04 to +0.10). Correlations between
BME ST and respectively NRS-24H, NRS-4 W and HJHS were
stronger than those between IPSG ST and these same pain
intensity and joint health scores (NRS-24H: difference in rho
ranging from +0.13 to 4+0.19; NRS-4W: difference in rho ranging
from +0.19 to +0.20; HJHS: difference in rho ranging from
+0.18 to +0.21). Similarly, stronger correlations between BME
ST and US scores compared to those between IPSG ST and US
scores were observed (total HEAD-US: difference in rho ranging
from +0.08 to +0.13; cartilage: difference in rho ranging from
+0.08 to +0.13; bone: difference in rho ranging from +0.06
to +0.17; synovium: difference in rho ranging from +0.07 to
+0.18). Correlations between BME total and respectively NRS-
24H, NRS-4 W and HJHS were also stronger than those between
IPSG total and the same pain intensity and joint health scores
(NRS-24H: difference in rho ranging from +0.07 to +0.18; NRS-
4W: difference in rho ranging from +0.12 to +0.16; HIHS:
difference in rho ranging from +0.03 to +0.12) (Figure 3).
However, no clear difference in correlation with HEAD-US
parameters was observed (small positive differences in favor of
BME total being observed for the right ankle, while small negative
differences in favor of IPSG total being observed for the left
ankle).
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4 | Discussion

Our study indicates that BME is a common feature in
haemophilic ankles, even in patients with no or mild arthropathy,
and that it is strongly associated with pain intensity and joint
health. While MRI scoring systems like IPSG primarily assess
structural damage, they do not account for BME, which may play
a key role in pain perception, disease activity, and potentially in
disease progression. Integrating BME assessment into routine
imaging could therefore enhance joint health evaluation in PwH.
However, as this cross-sectional design does not allow causal
inference, further longitudinal studies, including patients with
more advanced arthropathy, are needed to clarify the prognostic
value of BME in haemophilic joint disease. BME was present in
45% of left ankles and 34% of right ankles, with its scores showing
stronger correlations with pain intensity (NRS-24H, NRS-4 W)
and joint function (HJHS) than IPSG scores. This suggests
that BME captures unique disease characteristics, providing
clinicians with a valuable tool for assessing pain perception and
disease activity beyond chronic joint damage measured by IPSG.
Resampling analyses further confirmed that BME scores were
more consistently linked to pain. While the IPSG total score
had a moderate correlation with pain, its osteochondral and soft
tissue subscores showed weaker associations. The reproducibility
analysis demonstrated strong inter-reader agreement for both
IPSG and BME scoring, reinforcing their reliability in clinical
and research settings. As high reproducibility was demonstrated,
further analyses used data from the junior expert reader (SG)
only.

Our study builds on Chantrain et al.’s findings of a weak correla-
tion between NRS pain scores and MRI or ultrasound, based on
100 patients for MRI and 163 patients for US [13]. Uniquely, we
assessed and scored BME in a subset of our sample, which was
not examined in their study. In our study, BME was analyzed in 56
PwH, providing additional insight into the relationship between
structural joint changes and pain perception. BME and IPSG total
scores correlated strongly with HEAD-US total and osteochondral
scores but had weak or no correlation with HEAD-US synovial
scores. Notably, BME total and BME TT exhibited moderate to
strong correlations with NRS-24H, NRS-4 W, and HJHS, further
supporting the clinical relevance of BME in haemophilic joint
health (Table 3).

These findings align with previous studies in musculoskeletal
conditions, where subchondral BME has been linked to joint pain
[21]. BME is a dynamic and transient phenomenon, extensively
studied in osteoarthritis, inflammatory arthritis, and stress-
related bone injuries. It is often associated with pain flare-ups and
joint deterioration, making it a valuable biomarker for disease
monitoring [22, 23, 29]. Unlike irreversible joint damage, BME
may reflect an active response to mechanical stress, inflamma-
tion, or microtrauma and can sometimes resolve spontaneously
with appropriate management, such as activity modification, load
reduction, and targeted rehabilitation [30].

Histologically, the MRI-detected BME pattern corresponds to
various underlying changes. Initially thought to result from
extracellular fluid accumulation due to its fluid-like signal
characteristics on MRI [31], BME is now recognized as a non-

specific marker appearing in diverse conditions. In trauma, it may
indicate haemorrhage near fractures [32], while in inflammatory
arthritis, it reflects cellular infiltrates and increased vascularity
[33, 34]. In osteoarthritis, pathological analyses suggest that
oedema is a minor component, whereas bone marrow fibrosis,
fibrovascular tissue, trabecular microfractures, or cellular necro-
sis are commonly observed [22, 23, 29]. Given its heterogeneous
nature, some authors propose the term “oedema-like marrow
signal intensity (ELMSI)” to better describe this phenomenon
[35].

Growing evidence shows that BME is a dynamic and potentially
reversible process. Longitudinal knee MRI studies have demon-
strated that subchondral BME lesions may decrease or fully
resolve over time. In the MOST cohort, Roemer et al. reported
that many BME lesions regressed or disappeared over 30 months,
confirming their non-permanent nature [36]. Similarly, Zhang
et al. showed that reductions in BME are associated with parallel
improvements in knee pain, reinforcing its transient character
[37]. Reversibility has also been documented in the spine, where
Modic type 1 endplate changes often evolve into fatty marrow
(type 2) or return to normal signal. Together, these findings
indicate that “edema-like” marrow abnormalities reflect active
lesions with well-documented potential for regression.

Mechanical overload and repetitive stress are key contribu-
tors to BME, as observed in osteoarthritis and stress fractures
[38]. In PwH, where joint integrity is already compromised,
excessive mechanical stress may exacerbate BME and pain.
This underscores the importance of patient education on joint
load management, personalized exercise adaptation, and injury
prevention strategies.

At the molecular level, histological studies of patients with
MRI-detected BME have identified the local secretion of proin-
flammatory cytokines and angiogenesis factors, which may
contribute to nerve fibre irritation and pain development [39, 40].
These mechanisms, commonly associated with inflammatory and
degenerative joint diseases, could similarly affect haemophilic
joints, where recurrent microbleeds, synovial inflammation, and
mechanical stress are prevalent. BME may serve as a marker of
ongoing joint stress and an early indicator of disease activity.
Given its potential reversibility, imaging-based BME monitoring
could provide valuable insights into treatment effectiveness and
the impact of lifestyle modifications. BME should not replace
existing recommended outcomes but may provide complemen-
tary information, acting as an objective imaging correlate of pain
and joint stress. Its dynamic and potentially reversible nature
could make it valuable for explaining pain-structure discordance
and monitoring responses to targeted interventions.

This study has limitations, including its cross-sectional design
and focus on TTJ and STJ. Ongoing longitudinal MRI studies aim
to track disease progression, assess the prognostic value of MRI
features, and evaluate BME’s role in treatment response. Future
research should investigate BME in other commonly affected
joints in PwH and develop new scoring models incorporating
BME as an MRI parameter. Additionally, longitudinal studies
should explore BME’s evolution, its link to pain and functional
impairment, and the impact of targeted interventions such as
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rehabilitation and load redistribution strategies to improve joint
management in PwH.

5 | Conclusion

This study emphasizes the frequent presence of BME in the
subchondral bone marrow of the TTJ and STJ in PwH, showing a
strong correlation with imaging scores like IPSG and HEAD-US.
BME severity on MRI is more strongly associated with pain and
joint health scores than existing MRI scoring methods. Given the
multifactorial nature of pain, further research is needed to clarify
BME’s role in pain assessment. Integrating BME evaluation
into research and refining scoring systems could enhance joint
disease assessment in haemophilia. Clinically, proactive joint
management through activity monitoring, physiotherapy, and
neuromuscular training may help reduce mechanical stress and
potentially mitigate progression.
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