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Abstract

Background. Musculoskeletal ultrasound (US) is a non-invasive tool for joint assessment in
persons with hemophilia. Early detection of joint bleeding using a remote US system operated by
patients or caregivers and reviewed by Comprehensive Care Centers could improve personalized
management. A computer-aided diagnosis (CAD) system for automatic detection of joint effusion
may support clinicians in prioritizing interventions.

Objectives. This study aimed to validate a novel CAD system using a deep-learning algorithm to
identify joint capsule distension in musculoskeletal US images.

Methods. Longitudinal scans of the subquadricipital recess (SQR) of the knee were collected from

people with hemophilia and varying degrees of arthropathy and labeled by an expert. The multi-task

learning algorithm was trained to detect the recess and classify images as distended or not.
Results. A total of 8,634 images (2,267 scans) were acquired from 158 adult persons with
hemophilia (mean age 44.7 = 18.6 years) and 66 age-matched healthy controls. After selecting
longitudinal SQR images, 814 images were used, of which 711 for training and 103 for testing,
ensuring a patient-based split. The model achieved a classification accuracy of 89.2% and a
balanced accuracy of 93.9% compared to expert annotations. No significant differences were
observed in classification performance between male and female healthy controls, supporting its
broader applicability.

Conclusions. The CAD system for automatic detection of joint capsule distension is feasible and
reliable. It represents an important step toward telemedicine in hemophilia, enabling early
recognition of joint bleeding and supporting personalized, timely therapeutic interventions to
prevent further joint damage.

Keywords: hemophilia; joint; ultrasonography; telemedicine; artificial intelligence.



77  Introduction

78  Hemophilia A and B are rare, inherited X-linked bleeding disorders caused by a complete or partial
79  deficiency in coagulation factors VIII (FVIII) or IX (FIX). In children and adults with severe

80 hemophilia (i.e. plasma FVIII or FIX levels of <1 U/dL), joint bleeding (hemarthrosis) is the most
81  frequent clinical manifestation (1) and recent data show that it frequently occurs in persons with

82  moderate (plasma factor levels of 1-5 Ul/dL) or mild disease (plasma factor levels of >5 Ul/dL) as
83  well (2). Repeated episodes of joint bleeding lead to joint remodeling and subsequent hemophilic
84  arthropathy, the targets of which are mainly ankles, knees and elbows (3). It is important that joint
85  bleeding is identified and treated early, as there is evidence that even a single episode may cause

86  cartilage and bone damage (4, 5).

87  Over the last 30 years, therapeutic advances have progressively improved the life expectancy and
88  quality of life of persons with hemophilia (6). The growing availability of drugs for prophylaxis

89  have changed the scenario of persons with hemopbhilia as a wider use of prophylactic regimens has
90 led to a better prevention of clinically overt bleeding episodes (7). Therefore, some events may not
91  be recognized by patients as joint bleeding events, thus leading to undertreatment. On the other

92 hand, many painful joint events reported by the patients as joint bleeding are instead acute joint pain
93  recurring in the context of chronic arthropathy (8). Even physical examination by a physician may
94  not be sufficient to diagnose joint capsule distension due to hemorrhagic effusion, since this can be
95  subclinical, or it may occur in an already distended capsule joint due to chronic synovitis (9). In

96 particular, several studies suggest that significant discrepancies exist between point-of-care

97 ultrasonographic (US) findings and patient-reported pain classification as bleeding or other

98  musculoskeletal symptoms (10, 11). Therefore, the current practice of prescribing clotting factor vs.
99  conservative measures based on patient-reported classification of joint pain may lead to an

100  inaccurate management of the acute event with several further complications (8, 12).
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Point-of-care US imaging is a useful tool that is growingly gaining interest in modern hemophilia
care (13). A remote patient-based MSK-US imaging system may support immediate and accurate
diagnosis of acute joint bleeding and prompt effective treatment at home or an evaluation at the
Center in unclear cases, thus reducing out-patient visits and hospitalization. In addition, patient
empowerment would lead to an improved awareness and adherence to treatment (14). Implementing
such a telemedicine system for patients requiring continuous follow-up necessitates the
transmission of numerous musculoskeletal ultrasound (MSK-US) images to the physicians at the
Care Center for evaluation. This influx of a big number of images can complicate the process of
prioritizing interventions, making efficient management and timely decision-making more
challenging in this context. Therefore, an artificial intelligence (Al)-based tool for the automatic
recognition of joint capsule distension could be the first step to help prioritizing intervention.
Recently, we developed in collaboration with the Computer Science Department of University of
Milan a computer-aided diagnosis (CAD) tool based on a deep-learning algorithm to automatically
recognize joint capsule distension in MSK-US images collected during clinical practice starting

with the knee as first joint (15, 16).

The aim of the present study is to evaluate the feasibility and accuracy of the CAD tool in a
different dataset of images to validate it as the first step for the development of a telemedicine

system in persons with hemophilia.

Methods

Patients

Adult persons with hemophilia A and B of any severity referring to the Angelo Bianchi Bonomi
Hemophilia and Thrombosis Center from January 2021 to October 2024 were asked to participate in

this observational study providing written informed consent to use pseudonymized MSK-US
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images collected during the routine visit of the patient at the Center or in the case of an acute event
suspected as joint bleeding. Healthy controls of both sexes were enrolled as healthy control group.
Approval from the Ethics Committee for the “Joint ultrasound evaluation in persons with
hemophilia - JOINEM study” was obtained by the Milan Area 2 Ethics Committee (199 2021bis

and subsequent amendment by the CET Lombardy 3, ID 2086 — n° 2086_SA 22.03.2024_P).

Ultrasound protocol

We here describe the US study protocol and scoring system that we followed in the present study.
The protocol is based on the European Society of MusculoSkeletal Radiology (ESSR)
recommendations for US imaging of the knee for the procedure of acquisition and collection of
images (17) and the suggested knee scans of the Haemophilia Early Arthropathy Detection with
Ultrasound (HEAD-US) protocol (18). As a scoring system, we used a semi-quantitative 4-level
classification of SQR distension (absent, mild, moderate, severe), namely: capsular distension is
considered absent when the prefemoral and suprapatellar fat pads are in contact, resulting in non-
visualization of the suprapatellar recess (<1 mm); mild when the recess extends in width between 1
and 5 mm; moderate when the recess extends between 6 mm and 5 cm (i.e. it does not exceed the
limit of the frame in which the image is included, which in our case corresponds to the width of the
Philips Affiniti 50 5-12 MHz ultrasound probe with a setting of 5 cm depth); severe when the
capsule distension exceeds the frame in which the image corresponding to the width of the

ultrasound probe is included 5-12 MHz Philips Affiniti 50 with a setting of 5 cm depth).

The US examination was performed with a linear array 12-5 MHz US transducer (Philips Affiniti
50, www.usa.philips.com/healthcare/product/HC795208/affiniti-50-ultrasound-system). The patient
was asked to lie down on the examination bed keeping the knee at 30° flexion (17). This position
allows operators to collect the maximum amount of intra-articular fluid. The US probe was then

placed longitudinally along the long axis of the quadriceps tendon in a midsagittal plane with its
5
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inferior edge just proximally to the base of the patella. The subquadricipital recess (SQR) is
localized cranial to the patella and underneath the quadriceps tendon. In the HEAD-US scoring
system, synovitis is systematically assessed by evaluation of the main joint recesses. In fact, other
minor recesses rarely distend in isolated form and are usually involved as an extension of the larger

ones; therefore, they were excluded from the scanning procedures (18).

Data acquisition

Images were acquired by a single specialized practitioner during routine visits of hemophilic
patients (RG). Each image had a resolution of 1024 x 780 pixels and contained acquisition

parameters and the actual US scan.

Image acquisition and annotation

The US images were collected over the study on a server dedicated to the task. US images were
annotated by two expert US reader (RG, AA) through a web application specifically developed for
this purpose (16). In order to preserve patients’ privacy, US images were pseudonymized before
being stored on the server by removing explicit identifiers (i.e., patients’ names and date of birth)
and associating the data with a random unique code. The association between the random codes and
the patients’ names was stored on a separate database, with increased security requirements (i.€.,

restricted access).

During the annotation process, the practitioners reported for each image the level of distension of
the SQR on four different levels: absent, mild, moderate and severe. Also, the Minimum Bounding
Rectangle (MBR) of the SQR was annotated by one expert operator (RG). To standardize
annotations, we set up criteria for absent, mild, moderate and severe capsule distension (figure 1A-

D).
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Artificial intelligence algorithm for the detection of subquadricipital recess distension

Acrtificial intelligence is a term that defines the intelligence demonstrated by machines. Usually,
researchers create rules for computers to make decisions. In machine learning, computers learn
from themselves and design new rules through practice and repetition. Deep learning in particular is
an application of machine learning that imitates the functioning of the human brain. Deep learning
networks interpret big data and recognize patterns. The more data they can learn from, the more
accurate and informed decisions can be made (19-22). The Al-based CAD was developed in
collaboration with the Computer Science Department of Universita degli Studi di Milano. Different
algorithms were experimented with the aim of identifying the location of the SQR and, at the same
time, classify the images as distended or not distended. The algorithm that yields the best results is
called multi-task approach and is based on a multi-task framework (15) that is able to address both
problems with a single model. Briefly, the multi-task approach has a shared feature extractor
followed by two separate neural network branches: one for the detection task and one for the
classification, which was pre-trained on COCO (23) dataset to obtain more robust low-level
features; this form of transfer-learning is a common practice with small datasets (24). The first
branch generates various bounding box candidates. As a post processing step, the algorithm returns
only the bounding box with the highest confidence. The branch architecture is based on
YOLOvV5(25) with a single-class object detection task. The second branch generates a binary label
that represents the two different possible classes for the entire image (i.e. distended and not
distended). The model has been tuned with an evolutionary algorithm to obtain the best
hyperparameters, namely, the different augmentation probabilities, the dropout probability and the

weights of the multi-task loss.

The multi-task approach was trained with images sized 256x256, using the YOLOv5 augmentation

pipeline. The images division into train and test followed a patient-based split approach: all images

7
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of each patient are either in the train or test set. Also, the test set contains a single image for each
patient. Considering the specific domain, some of the augmentations (like rotation and flip) were
not used because they would not generate realistic images. Finally, the model has been trained with
an early stop criterion based on balanced accuracy. The evaluation was performed on a set of
images from patients excluded from the training set, ensuring the results reflect the model's
generalization capability. The test data included two sets of healthy controls: one comprising males
and the other females. The measured metrics were balanced accuracy, sensitivity, specificity, and

average intersection over union (26, 27).

Statistical Analysis

To avoid data leakage and result overfitting, images from patients used for training were not used
also for testing. Consequently, a standard split was applied, with approximately 80% of patients
allocated to the training set and 20% to the test set. Only one image per patient was included in the
test set. For classification performance, standard metrics were computed, including accuracy,
balanced accuracy, sensitivity, and specificity. The classification task was binary (distended vs non-
distended) based on the conversion of the original four-level grading of capsule distension. The
performance of two different dichotomization strategies was evaluated, and the one combining
“absent” and “mild” as non-distended versus “moderate” and “severe” as distended yielded the best
results. The weighted Cohen’s « coefficient was calculated to assess inter-rater agreement between
expert annotators. For validation on healthy controls, the Chi-squared goodness-of-fit test was used
to estimate appropriate sample size (a = 0.05, power = 0.8, effect size = 0.5), and Fisher’s exact test
was used to compare classification performance across sex groups. All statistical analyses were
performed using Python (version 3.12.6), primarily with the SciPy library (version 1.15)

(https://www.python.org/doc/versions/).



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

Results

Patients

One hundred fifty-eight consecutive male persons with severe hemophilia A and B (71% severe A,
13% moderate A, 6% mild A, 7% severe B, 2% moderate B, 1% mild B), aged 44 + 15 years, were
recruited during annual check-up visit or examination for a suspected intra-articular knee bleeding,
subsequently confirmed by response to treatment with factor replacement and ultrasound follow-up.

Sixty-six age-matched healthy subjects served as controls (age 48 £ 16, ns).

Ultrasound imaging dataset

From this cohort, a total of 8,634 musculoskeletal US images were collected, of which 2,267 knee
scans (multiple frames of SQR, medial and lateral parapatellar recess, medial collateral ligament
and femoral trochlea following the HEAD-US scoring system). Of these, 14 scans involved knee
prostheses and were excluded. Only SQR longitudinal scans were included, resulting in 814 valid
images that were annotated on four different levels: absent, mild, moderate and severe (Table 2).
Examples of images with different annotations are shown in Figure 1A-D. The weighted Cohen’s k
between the two operators was 0.47, indicating a moderate agreement, while re-mapping the
annotations on a binary task (distended vs non-distended), the Cohen’s k reached 0.62, showing a

substantial agreement.

Among the knee scans, joint capsule distension was present in 340 out of 814 (41.2%), of these, 42
due to intra-articular bleeding (12.4%), 80 due to synovial thickening (23.5%) and 218 due to the

presence of simple synovial fluid effusion (64.2%).

The number of images used to train and to test the system  are reported in Table 1.
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Thirty-seven of the test images were used to validate the system on persons with hemophilia and the
distribution of labels for capsule distension was the following: absent in 24, mild in 9, moderate in

3, severe in one case. The moderate and severe cases were intra-articular bleeding.

Subquadricipital recess detection

Consistently with the previous evaluation proposed in the literature (15), the detection ability of the
multi-task model shows that the average loU is 0.64. The SQR is detected with an loU greater than
0.5, in 80% of the images. Intuitively, in this case the SQR is correctly detected, as shown in Figure
2A. In some cases, also when the loU is less than 0.5, the recess is still correctly identified but with
a minor precision in size and position (see the example in Figure 2B). In a few cases, when the loU

is less than 0.5, the technique fails to identify the SQR (see the example in Figure 2C).

Classification results

To reduce the complexity of the distension detection task (“distended” vs “non-distended”), we
transformed the original four-level annotation system into binary annotations, evaluating two
distinct approaches. In the first one, we grouped the images annotated as absent capsule distension
in the “non-distended” category vs all other levels of distension. The second approach combined
those images annotated as absent and mild capsule distension into the “non-distended” category,
and moderate and severe capsule distension into the “distended” category.

Results show that the second approach provides more accurate results, the balanced accuracy in this
caseis  93.9% for the male patients (Table 4), compared to 74.5% of the first approach (Table 3).
Compared to other models we experimented, the multi-task approach has a higher sensitivity (15).
This is particularly relevant because, in the given domain, the algorithm can be used as a filtering

technique and hence it is important to generate less false negative cases.

10
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System validation

The system was validated in a dataset of healthy controls as well: 33 healthy male subjects and 33
healthy female subjects, to ensure validity in both sexes. Data numerosity was established based on
the Chi squared goodness of fit test, assuming the following parameters: o = 0.05, power (1-B) =
0.8, effect size = 0.5 (large). The test indicated that a sample size of at least 32 samples per category
is needed. The distribution of labels for capsule distension in male healthy subjects was the
following: absent in 23, mild in six, moderate in three, severe in one case. In female healthy
subjects the distribution was the following: absent in 16, moderate in four, severe in none of the
patients.

We found no statistically significant difference in the classification ability (Fisher's Exact Test for
Count Data: p-value = 0.18) when separating absent capsule distension vs. mild/moderate/severe
capsule distension. Similarly, we found no statistically significant difference in classification ability
(Fisher's Exact Test for Count Data: p-value = 0.45) when the classification separated absent or
mild capsule distension vs moderate or severe capsule distension. Results are reported in Table3 and

Table 4.

Discussion

Point-of-care US imaging is gaining growing interest among experts of hemophilia as a simple and
widespread tool to evaluate joint health status and to diagnose joint bleeding.

The present study is the first step in a larger project to build a telemedicine system to ensure early
diagnosis and personalized treatment of acute joint bleeding with the aim of preventing  joint

damage occurrence or progression (https://ecare.unimi.it/pilots/practice) (16). In the complete

version of our telemedicine system, patients, caregivers, or general practitioners would perform the

US scan remotely, with a portable probe connected to a tablet or smartphone device and transmit

11



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

images to the Comprehensive Care Center. To prioritize intervention when a huge number of
images is sent to the Center, a CAD tool was designed in collaboration with the Computer Science
Department of Universita degli Studi di Milano (15). If joint capsule distension is identified and
joint bleeding is suspected - also based on the patient’s history - physicians from the Center
recommend immediate self-administration of clotting factor. The patient is then invited to attend the
Center, where clinicians trained in ultrasound can confirm or rule out intra-articular bleeding and
guide further management. If bleeding is excluded, rest and non-steroidal anti-inflammatory drugs
selective for cyclooxygenase-2 may be suggested instead, particularly in cases of acute arthropathic
pain or active synovitis (28).

The results of our study show that the proposed CAD tool is feasible. The possibility to avoid
undertreatment of subclinical bleeding and overtreatment of acute joint pain due to arthropathy
represents an important aspect in providing the most accurate personalized care to all patients
managed by the hemophilia comprehensive care center.

The present study has both limitations and strengths. Despite showing good accuracy, in the future,
we aim to improve the sensitivity of the CAD tool for mild and moderate bleeding, as our goal is to
use it as a screening tool for persons with hemophilia with subclinical bleeding to avoid
undertreatment. Training deep learning models typically requires large imaging datasets. Despite
the rarity of hemophilia and the reduced frequency of bleeding events in contemporary cohorts,
likely due to the widespread adoption of novel therapeutic agents and improved treatment
availability (6,7), we could collect a large dataset of images to train and test the algorithm. To
prevent data leakage and overfitting, images from the same patient were not shared between
training and testing phases, and a standard split was applied, with approximately 80% of patients
allocated to the training set and 20% to the test set. Despite this constrained framework, the
achievement of statistically significant results supports the adequacy of the algorithm’s training and
its ability to extract meaningful patterns from the available data. A larger imaging dataset is

currently being collected as part of routine clinical practice at our Center, and its inclusion in future
12
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analyses is expected to further improve the accuracy and sensitivity of the system and allow
validation in larger, independent cohorts. In addition, images from examinations performed during
routine follow-up visits and those acquired in the setting of suspected acute joint bleeding were not
distinguished, as acute bleeding events were infrequent. Future studies will be conducted to
incorporate structured, prospective data collection to clearly distinguish routine assessments from
acute bleeding-related evaluations, thereby enabling appropriately stratified analyses that more
accurately reflect the underlying clinical contexts.

We selected joint capsule distension as a surrogate marker for joint bleeding. Indeed, apart from
joint bleeding, capsule distension can be due to many different conditions: simple synovial fluid
effusion in the context of chronic arthropathy, which appears as an anechoic compressible effusion;
or synovial hyperplasia, which appears as an isoechoic or hypoechoic capsule thickening
incompressible during dynamic maneuvers, with or without power-Doppler signal in its context.
However, joint capsule distension has the advantage of being easily identifiable even in still US
images acquired by non-expert US operators.

The study by Tyrrell et al (29) also uses synovial recess distension detected by point-of-care US as
an indicator of potential joint bleeding, across various joints in both adult and pediatric subjects,
achieving high accuracy metrics (97%). To initiate the development of our system, we studied only
adult subjects because in children, the subchondral bone is not completely formed, and anechoic
epiphyseal cartilage may be difficult to distinguish from simple effusion without dynamic
maneuvers. In fact, Tyrrell et al observed a decline in performance when their model was applied to
pediatric datasets, possibly due to the lower representation of children in the overall data pool but
also due to the difficulty in distinguishing simple fluid from growing cartilage.

We selected the knee - a large, easily accessible joint, even in patient-based settings - focusing on a
specific view, the longitudinal scan of the SQR, in which capsule distension of the main recess is
easily recognizable in a population of adult persons with hemophilia (18). In this phase, to train the

CAD tool, we used high-quality US images from persons with hemophilia acquired by an expert US
13
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operator with a high-end machine. In the future, we plan to use images from all the main
hemophilia index joints (ankles, knees, and elbows) and images acquired both by expert operators
with high-end devices and by patients or caregivers using portable ultrasound systems, in order to
further train the tool to recognize capsule distension under these real-world conditions.

In this dataset, the number of images showing joint capsule distension due to bleeding is low,
reflecting the effective bleeding control achieved with current treatment strategies (6,7). In addition,
when present, the joint capsule distension is not massive, but mild or moderate in the majority of
cases, for the same reasons. However, compared with Tyrrel et al (29), we did not include patients
with other joint conditions, such as rheumatoid arthritis, so the validity of our recognition system is
good for persons with hemophilia.

The binary classification (distended/non-distended) we tested bears a higher inter-rater concordance
compared with the four-class classification of capsule distention, based on the Cohen’s kappa.
However, a binary classification may lead to a limitation in the sensitivity of this approach in
detecting small amounts of effusion, which is important in the era of increased availability of
prophylaxis and effectiveness of currently available drugs. Larger studies will clarify the validity of
the two approaches.

All images were acquired at a single center using identical equipment and were obtained by a single
operator, although image annotation was performed independently by two expert operators. While
this approach ensured technical and acquisition consistency, it represents a limitation in terms of
generalizability. Further efforts toward standardized annotation criteria are warranted to facilitate
future validation studies involving multiple centers, different ultrasound systems, and operators
with varying levels of expertise. An International Society on Thrombosis and Haemostasis
Scientific and Standardization Committee Subcommittee on Factor VIII, Factor IX and Rare
Coagulation Disorder project on this topic is ongoing (https://cdn.ymaws.com/isth.site-

ym.com/resource/resmgr/ssc/ssc_myisth/factor8&9 musculoskeletal ul.pdf). Such validation will

14
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be essential to confirm the robustness of our findings and to support their applicability in
telemedicine settings.

Another important limitation of the presented approach is the differential diagnosis between
complex joint effusion due to joint bleeding vs synovial thickening, which is still a challenge in
some cases, even for expert US operators, and requires dynamic maneuvers. In our system, we use
still images. In the future, videos incorporating compressive maneuvers may be used to improve the
detection of small volumes of blood and to differentiate them from synovial thickening.

Another limitation of this study is the lack of techniques to support the interpretability of automatic
classification results. To address this limitation, we plan to experiment XAl techniques like Grad-
CAM (30) and SHAP (31). Another possible direction to improve the interpretability of the
classification results is to display the confidence value computed by the model, in order to support
clinicians in identifying borderline cases, where greater attention is required. This would require a
dedicated study to assess the correlation between confidence values and model accuracy.

The next step of our project will be to add elbow and ankle evaluation to our CAD system. When a
complete CAD tool is available, we will conduct a pilot study to demonstrate the validity of images
collected in a home-based setting using portable ultrasound systems.

From a health system perspective, the clinical feasibility of telemedicine-based ultrasound
assessment should ultimately be complemented by an evaluation of its economic and organizational
impact. A formal Health Technology Assessment would allow comparison of this telemedicine
approach with standard care pathways in terms of cost effectiveness, resource utilization, and
potential effects on patient access and continuity of care. Such analyses are particularly relevant in
chronic conditions requiring longitudinal monitoring, where telemedicine may reduce travel burden,
optimize specialist time, and improve equity of access. Incorporating economic evaluation into
future studies would therefore provide critical evidence to inform decision-makers and support the

sustainable integration of telemedicine solutions into routine clinical practice.
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One strength of our study is the inclusion of both male and female healthy controls to ensure greater
validity of findings and relevance within the framework of precision medicine. This approach
allows the future application of our study on musculoskeletal complications in the rare subgroup of
women and girls with hemophilia, and other rare bleeding disorders affecting both sexes, such as
Von Willebrand disease (32-35).

Another strength of the present study is its focus on the detection of capsule distension even of mild
entity, reflecting the current clinical reality of hemophilia, in which severe overt joint bleeding have
become increasingly rare due to advances in treatment. In the future, sensitivity to minimal
deviations from individual baseline rather than cross-sectional discrimination between patients and

controls, will be particularly relevant for telemedicine-based follow-up strategies.

Conclusion

The present study demonstrates the feasibility and good accuracy of our CAD tool, which can be
improved to become more sensitive even in the case of subclinical joint bleeding. This is the first
step of our proposed telemedicine system to achieve an early and accurate diagnosis of joint
bleeding in persons with hemophilia, with the ultimate goal to avoid undertreatment, thus
preventing the occurrence and delaying progression of arthropathy while also avoiding

overtreatment due to unnecessary concentrate administration in the absence of bleeding.

In a novel era of great progress and availability of replacement and non-replacement drugs for

persons with hemophilia, our telemedicine system will allow an accurate personalized management.
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Table 1. The number of images used to train and to test the system

Suitable Unsuitable Collected
images Images images
Train 711 - -
Test 103 - -
Total 814 143 957
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451 Table 2. Distribution of the train set images by capsule distension level.

Absent Mild Moderate Severe

Images 399 185 115 12

452
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454

Table 3. Classification accuracy absent vs mild or moderate or severe

Absent Male persons with | Male healthy Female Healthy
VS hemophilia controls controls
mild, moderate,

severe

Absent 24 23 23
mild, moderate, 13 10 10
severe

Accuracy 78.4% 84.9% 93.94%
Sensitivity 61.5% 70% 80.00%
Specificity 87.5% 91.4% 100%
Balanced Accuracy | 74.5% 80.7% 90.00%
Correct 29 28 31
Wrong 8 5 2
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455  Table 4. Classification accuracy absent or mild vs moderate or severe

Absent, mild Male persons with | Male healthy Female Healthy
VS hemophilia control control
moderate, severe

Absent, mild 33 29 28
moderate, severe 4 4 5
Accuracy 89.2% 87.9% 96.97%
Sensitivity 100% 75% 80%
Specificity 87.9% 89.7% 100%
Balanced Accuracy 93.9% 82.3% 90.00%
Correct 33 29 32
Wrong 4 4 1

456
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Figure 1. Criteria for knee capsule distension in a longitudinal scan of the subquadricipital recess.
A. Absent: the recess is not visible because the two fat pads collapse (<1 mm); B. Mild: the recess
is extended in width between 1 and 5 mm; C. Moderate: the recess is extended between 6 mm and 5
cm (i.e. it does not exceed the limit of the frame in which the image is included, which corresponds
to the width of the ultrasound probe with a setting of 5 cm depth); D. Severe: if the distension
exceeds the frame in which the image corresponding to the width of the ultrasound probe (in our
case we used a Philips Affiniti 50 with a 5-12 MHz probe).

Figure 2. Examples of detected SQRs, the ground-truth is depicted in green, while prediction in
red. A. Accurate prediction with loU > 0.5; B. Slightly inaccurate prediction with loU < 0.5; C.
Wrong prediction with loU < 0.5.
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