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) Endometriosis is a prevalent gynecological condition affecting millions of women worldwide. The accurate
annotation and early diagnosis of endometriosis is crucial for effective management and improved patient outcomes.
platform, Machine learning and deep learning techniques have shown promising results in automating the detection of

endometriosis,
metadata, MRI
images, training
dataset.

endometriotic lesions from medical images. However, these models heavily rely on high-quality, accurately
annotated training datasets. This paper introduces an innovative image annotation platform specifically
designed for creating comprehensive training datasets to enhance the performance of endometriosis
automatic detection models. The platform offers a range of tools and features tailored to the unique
challenges posed by endometriotic lesion annotation, including the diverse appearance of lesions and
variations in imaging modalities. By harnessing this annotation platform, researchers and medical
practitioners can efficiently create large, high-quality training datasets for endometriosis automatic detection
models, thus advancing the development of accurate, efficient, and reliable tools for early diagnosis and
treatment planning. We anticipate that the platform will catalyze further research in the field of
endometriosis detection and contribute to improved patient care and outcomes.

1. Introduction models have the potential to enhance the accuracy and
efficiency of diagnosis, offering a valuable resource for

Endometriosis, a common necological disorder .
g9y g healthcare professionals and researchers [4].

affecting individuals of reproductive age, is

characterized by the presence of endometrial tissue However, the development and success of these

outside the uterine cavity. This condition, which affects
an estimated from 10-15% of women of reproductive
age and 35-50% with pelvic pain and/or infertility of
women worldwide, is associated with debilitating pain,
infertility, and a significant reduction in the quality of
life [1]. The accurate and timely diagnosis of
endometriosis is paramount for effective management
and patient well-being [2].

In recent years, advances in medical imaging and
machine learning techniques have shown great promise
in automating the detection of endometriotic lesions
from various types of medical images, including
ultrasound, magnetic resonance imaging (MRI), and
laparoscopy images [3]. These automated detection
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automated detection models crucially depend on the
availability of large, accurately annotated datasets [5].
The diverse and intricate morphological characteristics
of endometriotic lesions, coupled with variations in
imaging modalities, present unique challenges in
creating such datasets. Therefore, there is an urgent
need for a specialized image annotation platform that
addresses these challenges and facilitates the efficient
creation of comprehensive training datasets [6].

In response to this need, this paper introduces an
innovative image annotation platform specifically
tailored for endometriosis automatic detection. The
platform provides a user-friendly interface, advanced
annotation  tools, collaboration features, dataset
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versioning, scalability, customization, and robust data
security measures, making it a versatile and efficient
solution for building annotated datasets.

The objective of this paper is to present this novel
image annotation platform, elucidate its features, and
highlight its potential impact on the development of
endometriosis automatic  detection models. The
platform is poised to accelerate research in this field,
ultimately improving the diagnosis and management of
endometriosis, and thus enhancing the overall well-
being of individuals affected by this condition.

2.  An Overview Of The Research

The evolution of image annotation platforms, especially
in the medical domain, has been marked by steady
progression from general-purpose tools to highly
specialized ones: General-Purpose Platforms, Medical
Annotation Tools, Specialized Platforms for Specific
Conditions and Collaborative and Multi-Modal
Platforms.

General-Purpose Platforms: Initial platforms were
developed to cater to a broad range of image annotation
needs, from simple object identification in everyday
photographs to more complex tasks in specialized fields
like medicine. These platforms provided basic
annotation tools like bounding boxes, polygons, and
freehand drawing tools.

Russakovsky et al. [7] represents a cornerstone in the
development and assessment of large-scale visual
recognition algorithms. The authors describe ImageNet
(ImageNet Large Scale Visual Recognition Challenge -
ILSVRC) as a massive dataset, hosting over 15 million
labeled high-resolution images across 22,000
categories. These images were derived from web
searches for each category, ensuring a diverse
representation. Creating such a massive database
required an innovative annotation approach. Workers on
Amazon Mechanical Turk were used to verify and label
each image. The sheer scale of ImageNet demanded a
streamlined and efficient annotation process. Although
the paper focuses more on the challenge results, the
process emphasized the importance of creating robust
and scalable annotation platforms.

The tasks in ILSVRC: are based on object classification
- predicting the class of objects in an image; object
localization - not only classifying but also drawing a
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bounding box around the primary object in the image
and object detection - recognizing and drawing
bounding boxes around all instances of objects from a
subset of categories in the image. The ILSVRC became
a benchmark for the evaluation of algorithms, especially
deep learning models. Over the years, the challenge saw
an evolution from traditional image processing
techniques to Convolutional Neural Networks (CNNSs),
which became dominant due to their superior
performance.

AlexNet [8], in 2012, was one of the earliest and most
notable CNN architectures to achieve a significant
breakthrough in the ILSVRC, heralding the deep
learning era in computer vision.

The challenge catalyzed advancements not just in
annotation tools but also in computational techniques,
data storage, and sharing mechanisms. The necessity to
handle such large datasets efficiently was influential in
refining data handling practices.

The ILSVRC has been instrumental in driving
advancements in computer vision, setting the stage for
more specialized datasets and challenges. While the
focus wasn't directly on annotation platforms, the
creation and maintenance of the ImageNet dataset
indirectly stressed the importance of developing
comprehensive and efficient annotation tools.

The paper's value is multifaceted, addressing the
broader aspects of large-scale visual recognition while
emphasizing the infrastructure, including annotation
processes, required to make such initiatives successful.

Medical Annotation Tools: Recognizing the unique
challenges in the medical domain, developers began to
create platforms tailored to medical image annotation.
These tools started accommodating annotations for
different imaging modalities like CT, MRI, and X-rays.

The paper titled "A survey on deep learning in medical
image analysis" by Litjens et al. [9] serves as a
comprehensive review of the role and advances of deep
learning in the medical imaging domain.

The authors set the context by emphasizing the rapidly
increasing role of deep learning, especially
Convolutional Neural Networks (CNNs), in the realm
of medical imaging. Traditional image processing
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techniques had limitations that deep learning methods
were overcoming.

Litjens et al. present an overview of various deep
learning architectures, from the foundational CNNs to
more complex variants like U-Nets, which have become
essential for tasks like semantic segmentation in
medical images.

As deep learning models are data-driven, the quality
and accuracy of annotations are paramount.

The paper emphasizes the unique challenges posed by
medical image annotation, including the expertise
required, the variability in disease presentation, and the
nuances of different imaging modalities.

Solutions like transfer learning, where models
pretrained on large general datasets are fine-tuned on
smaller medical datasets, have been proposed to combat
data scarcity. But without accurate annotations, even
these solutions have limitations.

While deep learning has shown significant promise in
medical image analysis, there are still challenges to be
addressed. The paper hints at the continuous evolution
of deep learning methods and the need for larger, well-
annotated medical datasets.

As medical imaging becomes more integrated with Al,
there's a growing need for collaboration between
clinicians and Al researchers to ensure the development
of clinically viable solutions.

This paper serves as a bridge, highlighting the interplay
between deep learning techniques and the unique
challenges and requirements of the medical imaging
domain. It underscores the critical role of accurate
image annotations in advancing the field.

Specialized Platforms for Specific Conditions: As the
complexity and variability of diseases became apparent,
there was a clear need for platforms dedicated to
specific conditions. This era saw the development of
tools  tailored  for  diseases  like  cancer,
neurodegenerative conditions, and specific areas like
endometriosis.

The paper titled "Computer-aided diagnosis: How to
move from the laboratory to the clinic" by Ginneken,
Schaefer-Prokop, & Prokop [10] delves into the journey
of CAD (Computer-Aided Diagnosis) systems,
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especially the challenges faced when transitioning from
research labs to clinical applications.

The authors emphasize the potential of CAD systems to
assist radiologists and other clinicians by providing a
second-opinion, improving diagnostic accuracy, and
reducing oversights.

They discuss the growth of CAD and its promise in
enhancing medical image interpretation.

CAD systems have progressed through various stages:
from preliminary development in labs to rigorous
evaluation and, ultimately, clinical deployment.

The paper highlights the multifaceted nature of CAD
development, involving intricate image processing,
algorithm optimization, and interfacing with medical
imaging hardware.

The paper underscores the need for specialized
annotation tools tailored for medical imaging. Unlike
generic annotation platforms, these tools must cater to
the nuances of medical images, the requirements of
radiologists, and the intricacies of diseases.

Effective annotation tools can streamline the process,
ensuring accurate ground truth data and facilitating
iterative improvements in CAD algorithms.

The unique challenges posed by medical imaging - such
as the subtle variations in pathology and the
heterogeneity in image quality and modality - highlight
the importance of annotation tools that are designed
with these complexities in mind.

The authors discuss the crucial steps needed to move
CAD systems from research labs to real-world clinical
environments. This includes robust testing, regulatory
approvals, and seamless integration with existing
clinical workflows.

The role of high-quality annotations, and by extension
specialized annotation tools, is reiterated as
fundamental for the success and clinical acceptance of
CAD systems.

The paper concludes with a perspective on the future of
CAD systems, emphasizing continuous collaboration
between  developers, radiologists, and  other
stakeholders. The critical role of accurate annotations,
and hence the need for advanced annotation tools,
remains a recurring theme.
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By presenting the complexities involved in the
development and deployment of CAD systems, this
paper sheds light on the multifaceted challenges faced
in the domain of medical imaging and emphasizes the
pivotal role of specialized annotation tools in
overcoming these challenges.

Collaborative and Multi-Modal Platforms: Recent
developments have emphasized collaborative platforms
where multiple experts can annotate and review. They
also support multiple imaging modalities, integrating
data from MRIs, CT scans, and ultrasounds, for
example, to provide a comprehensive patient overview.

Maier-Hein et al. [11] critically evaluates the setup,
interpretation, and outcomes of biomedical image
analysis competitions.

Biomedical image analysis competitions have emerged
as vital platforms for benchmarking algorithms and
spurring innovation in the field. They often involve
multiple teams tackling the same set of biomedical
imaging problems, with results ranked based on
predefined metrics.

Maier-Hein and colleagues, however, caution against an
oversimplified interpretation of these rankings.

The authors advocate for a more nuanced interpretation
of competition results. This includes considering
statistical significance, understanding the underlying
metrics, and acknowledging the limitations of the
datasets used.

They suggest that the biomedical community should
prioritize generalizable insights over mere rankings.

The paper recommends fostering a culture of open
science, where datasets, algorithms, and evaluation
metrics are openly shared. This would enable more
reproducible and transparent research.

The authors also call for more standardized evaluation
practices, ensuring that results from different
competitions are comparable and meaningful.

While biomedical image analysis competitions have
undoubtedly advanced the field, the paper calls for a
more careful and critical interpretation of their
outcomes. By emphasizing collaboration, transparency,
and standardization, the community can derive more
sustainable and impactful insights from these events.

1922

Through a balanced critique, Maier-Hein and colleagues
illuminate the challenges and opportunities in the realm
of biomedical image analysis competitions. Their
insights underscore the need for a holistic approach that
goes beyond mere rankings to understand the true value
and potential of biomedical imaging algorithms.

The progression of these platforms mirrors the broader
trends in both technology and medicine.

3. Training Dataset
Dataset Collection

The foundation of any successful endometriosis
automatic detection model is the training dataset. The
creation of a robust dataset that encapsulates the
multifaceted nature of endometriotic lesions and the
myriad imaging modalities is paramount. To achieve
this, a rigorous data collection process was initiated.
Datasets were compiled from diverse medical
institutions and  repositories. These  collections
incorporated ultrasound images [12], MRI scans [13],
and laparoscopy images [14]. An expansive array of
endometriotic lesion types, locations, and stages was
included, echoing the preliminary findings that
highlighted the importance of multimodal imaging in
endometriosis detection. Such comprehensive inclusion
ensures the model's capability to generalize across
different clinical scenarios.

Data Preprocessing

Prior to further processing, raw medical images
typically undergo several preprocessing stages to ensure
standardization and compatibility with  various
annotation platforms. Such preprocessing generally
encompasses techniques such as noise reduction [15],
contrast enhancement [16], and conversion into suitable
formats. Notably, in the realm of MRI scans, the
implementation of multi-sequence fusion techniques
stands out, with researchers like [17] highlighting its
utility in producing composite images, thereby offering
a more inclusive depiction of lesions.

Annotation Guidelines

In  pursuit of generating precise annotations,
comprehensive annotation guidelines were formulated,
echoing the principles [18]. These guidelines
meticulously detail the categorization of lesions to be
annotated, stipulations for their inclusion, and the
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protocol for annotations specific to different imaging
modalities. Serving as a linchpin in the process, these
guidelines furnish annotators with a robust blueprint for
lesion identification and demarcation, ensuring
uniformity throughout the dataset.

Annotation Process

The act of annotating holds paramount importance in
the course of developing datasets [19]. In light of this,
the novel annotation platform presented herein
revolutionizes the process, delivering a suite of tools
particularly tailored for annotating endometriotic
lesions. Drawing from advancements in contour-based
methodologies [20] and semantic segmentation [21], the
platform facilitates the meticulous demarcation of
lesion boundaries. A standout feature [22], is the
platform's  capability to support multi-modality
annotation, thus enabling annotators to seamlessly work
across diverse image modalities.

Expert Verification

Guaranteeing the precision and integrity of annotations
is pivotal [23]. In this endeavor, the integration of
expert verification into the annotation workflow
becomes indispensable. This mechanism enables
seasoned clinicians, with their profound expertise, to
meticulously review and corroborate the annotations
[24]. Such a rigorous validation process amplifies the
dataset's trustworthiness, especially when addressing
the intricacies of multifaceted endometriotic lesions that
demand nuanced understanding  for  precise
demarcation.

Dataset Versioning

Dataset versioning [25], is a cornerstone feature of the
annotation platform presented here. This capability is
indispensable in the cyclical enhancement of precision-
driven models. Such versioning functionality permits
the generation of multiple dataset iterations, aligning
with the sentiments [26] on the value of adaptive
evolution in datasets. As a result, it paves the way for
incessant augmentation and fine-tuning as novel data
streams in or as the nuances of annotation
methodologies advance.

Scalability and Customization

The platform's architecture is constructed with
scalability at its core, echoing the principles
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championed by Armbrust et al. [27]. This design
ensures that the system can seamlessly accommodate
the influx of annotated data as the volume of images in
the dataset burgeons. Such an approach not only
handles data growth but also aligns with the suggestions
by Huang et al. [28] about the necessity for
customizable tools in research. This empowers
investigators to tailor the annotation platform, meeting
the distinct exigencies of their respective studies.
Ultimately, it fosters an environment conducive to both
flexibility and adaptability in curating datasets.

Data Security and Privacy

Emphasizing the quintessence of data security and
patient confidentiality, particularly in medical image
annotation, mirrors the advocacies of Zech et al. [29] on
the criticality of data protection in healthcare. Our
platform integrates formidable protocols to shield the
delicate patient information, aligning seamlessly with
regulatory benchmarks, notably the Health Insurance
Portability and Accountability Act (HIPAA) as
highlighted by McGraw [30]. Additionally, following
best practices recommended by El Emam et al. [31], we
incorporate advanced anonymization strategies to
expunge any personally identifiable details from the
dataset.

The very crux of fashioning a top-tier training dataset,
delineated in this discourse, forms the bedrock in the
journey towards conceiving precise endometriosis
detection paradigms. This paper's described annotation
platform, resonating with the sentiments of Litjens et al.
[9], stands as a linchpin in refining this voyage. In
essence, it is a cardinal contributor to the blossoming
arena of mechanized endometriosis recognition,
ushering in an era of enhanced patient care.

4. Acquisition of the Training Dataset

The cornerstone of our research is the training dataset,
and the meticulous process through which we acquired
the images is crucial for understanding its depth and
diversity. Here's an overview of how the images were
sourced and obtained:

Partnership with Medical Institutions: We initiated
collaborations with several renowned hospitals and
medical institutions. These partnerships provided us
with privileged access to their medical image
repositories. It is worth noting that these institutions
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maintain some of the largest databases of ultrasound,
MRI images, making them invaluable contributors to
our dataset.

Consent and Ethics Approval: Before accessing any
patient data, rigorous ethical approval was sought from
the respective Institutional Review Boards of the
partner institutions. Moreover, patients' informed
consent was secured, ensuring they were well-aware
and agreeable to their anonymized data being utilized
for research purposes.

Multimodal Image Collection: The complexity of
endometriosis necessitated a diverse set of imaging
modalities. We incorporated ultrasound images, which
offered real-time visualization of endometrial lesions.
MRI scans, known for their exceptional soft-tissue
contrast, provided a more detailed look into deeper
lesions. Furthermore, MRI images offered direct
visualization of the pelvic cavity, aiding in the
identification of even subtle endometrial implants.

Diverse Patient Demographics: Ensuring the
representativeness of our dataset was a priority. We
sourced images from patients of diverse age groups,
ethnicities, and medical histories. This heterogeneity
ensured that our dataset was robust and could account
for the variability seen in the global patient population.

Standardization and Quality Control: While sourcing
images from multiple institutions, it was imperative to
maintain a consistent standard of image quality. Thus,
we set specific criteria for image resolution, clarity, and
detail. Images that did not meet these criteria were
meticulously filtered out to ensure the integrity of the
dataset.

Temporal Data Acquisition: Recognizing the
progressive nature of endometriosis, we also
endeavored to collect sequential images from patients
over specific intervals. This provided a timeline,
allowing for insights into the disease's progression and
the potential impact of treatments.

Collaboration with Radiologists: Radiologists played
an instrumental role in the dataset curation process.
Their expertise ensured that the images selected were
not just of high quality but were also clinically relevant.
They aided in the identification and labeling of subtle
lesions, which might have otherwise been overlooked.
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Anonymization and Data Security: In line with data
protection regulations and ethical considerations, all
sourced images underwent a thorough anonymization
process. Any identifiers, including patient names, dates
of birth, or medical record numbers, were stripped from
the images, ensuring patient confidentiality.

In summation, the process of obtaining images for our
training dataset was rigorous and multifaceted. The
meticulousness of our approach, paired with the
invaluable contributions from medical institutions and
experts, has provided us with a comprehensive and
high-quality dataset, around 5.000 images, poised to
advance the field of automated endometriosis detection.

5. Annotation Platform

The image annotation interface, echoing the importance
underlined by Maier-Hein et al. [11] in the realm of
biomedical image analysis, is meticulously crafted to
ease the annotation journey for those assigned the
'‘Annotator' role. This interface is instrumental in
enabling accurate annotations on medical imagery while
capturing indispensable metadata. The process
commences with the user's authentication and
culminates with the submission of their annotation.

The image annotation platform is based on a web
interface, developed in Java Spring and it is structured
in two areas: the first one dedicated for marking the
pathological area and second one for the related
metadata. Metadata refers to data that provides
information about other data, in our case annotating
specific information about the input image. It offers
context and details that help in understanding,
managing, and using the primary data it describes.
Metadata are needed for organizing and analyzing the
datasets in various fields, including medical imaging
datasets for conditions like endometriosis [32]. The
purpose that we choose to annotate the input images to
the metadata is to increase the degree of automatic
recognition of the pathological area, in a future study
[33].

For the critical task of marking the pathological area,
our platform has been integrated with an advanced
canvas system.

The canvas operates as an interactive, high-resolution,
web-based drawing board. Built on HTMLS5, it
leverages the robust capabilities of the Canvas API to
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render dynamic 2D images that annotators can actively
interact with.

Our canvas system boasts a comprehensive suite of
annotation tools tailored for medical imaging:

e Freehand Tool: This allows annotators to
freely draw around areas of interest,
providing maximum control over lesion
boundaries;

e Straight Line Tool: Useful for delineating
linear structures or drawing attention to
specific regions.

e Undo & Redo Functions: These ensure
errors can be quickly rectified without
needing to start over.

Understanding the importance of granularity in medical
imaging, our canvas offers seamless zoom and pan
capabilities. Annotators can dive deep into the minutiae
of an image, ensuring that even the tiniest lesions don't
go unnoticed.

Once annotations are complete, the canvas provides
straightforward saving mechanisms. The marked
images are exported in JPEG format, ensuring
compatibility with various diagnostic tools and
software.

The canvas system is seamlessly connected to the
platform's metadata area. As annotations are made,
related metadata can be concurrently filled in, linking
imaging data with essential contextual details.

The canvas system for pathological area marking stands
as a testament to our platform's commitment to
precision and user-friendliness. Its design and features
facilitate detailed, accurate annotations, propelling the
platform to the forefront of endometriosis automatic
detection research.

The accurate and comprehensive classification of
endometriosis plays a pivotal role in assessing the state
of the disease, including its extent, location, and
clinicopathological consequences, therefore, for the
metadata, the most relevant information that we choose
are based on the #ENZIAN classification (Figure 1)
[34].
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Figure 1 — The #ENZIAN classification

Upon accessing the Image Annotation Page, an image
predicated on the delineated logic is presented to the
user. The original illustrations are housed on the server-
running local apparatus. Implementing an API endpoint,
each image nestled within the Original Images folder is
replicated as a database record. For each, the record
houses a path-tracking attribute, along with a foreign
key tethering it to its respective metadata.

The presented image for annotation is meticulously
chosen, ensuring no pre-existing metadata associations.
The annotation voyage is designed for flexibility,
eliminating redundant steps by utilizing an interactive
canvas. This facilitates real-time annotations directly on
the showcased image. With tools to rectify and
metadata forms to populate, once finalized, both image
and data are dispatched to the server via a REST API.
Subsequent server processing includes database
metadata storage and categorizing the image under the
Annotated Images directory. The interface then
rejuvenates, presenting the annotator with a fresh image
canvas (Figure 2).

Image Processing Page

Figure 2 — Image annotation page
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In our pursuit to establish a robust and scalable backend
for the image annotation interface, we gravitated
towards the adoption of PostgreSQL as our primary
relational database management system (RDBMS). The
selection was influenced by PostgreSQL's unwavering
commitment to SQL compliance and its inherent
extensibility, allowing us to define specialized data
structures tailored for medical imagery and related
metadata. Its acclaimed Multi-Version Concurrency
Control (MVCC) system ensures fluidity in
simultaneous transactions, a pivotal feature given the
concurrent annotations expected on the platform.
Moreover, with the paramount importance of data
integrity in medical applications, PostgreSQL's strong
support for data integrity constraints became a
significant factor in our decision. Coupled with its
advanced JSON support, this facilitates the intricate
storage and retrieval of both structured and complex
non-relational data, enhancing the richness of our
dataset. Lastly, PostgreSQL's active community and
frequent updates ensure we remain abreast of the latest
advancements and security protocols, underpinning the
reliability and future-readiness of our platform.

In the design and implementation of our image
annotation interface, paramount importance was placed
on data security and adherence to the General Data
Protection Regulation (GDPR) standards [35].
Recognizing the sensitive nature of medical imagery
and patient data [36], advanced encryption techniques
were employed both in transit and at rest, ensuring that
data remains inaccessible to unauthorized entities [37].
Access controls, paired with rigorous authentication
mechanisms, have been incorporated to restrict data
access to only qualified and authorized personnel [38].
Periodic security audits, vulnerability assessments, and
penetration testing [39], form an integral part of our
security strategy, helping identify and mitigate potential
threats proactively. In alignment with GDPR, we have
established clear protocols for data handling, ensuring
that all personal data is anonymized and any identifiable
information is removed before processing [40]. A
dedicated data protection officer oversees the consistent
application of GDPR principles, ensuring the rights of
individuals are upheld, from data access to erasure [41].
Our commitment to data security and privacy not only
ensures regulatory compliance but also fosters trust
within our user community [42].
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This image annotation interface, meticulously designed
to be intuitive, champions annotators in their quest to
mark endometriotic lesions with precision and proffer
exhaustive metadata. Such endeavors are pivotal in
curating quality-enriched annotated datasets, propelling
endometriosis research, and honing automated detection
model training.

6. Further Improvements

In the realm of medical image annotation, maintaining a
cutting-edge, adaptable system is not just ideal — it is
necessary. The image annotation platform for
endometriosis automatic detection, post its preliminary
deployment, underwent several enhancements to ensure
continued  relevance, effectiveness, and  user-
friendliness.

While the platform does not currently possess an
adaptive learning mechanism, there is active
consideration and  preliminary  research  being
undertaken in this direction. Incorporating adaptive
learning would allow the system to provide real-time
suggestions to annotators based on previous
annotations. As more data populates the system, the
quality of these suggestions would refine, facilitating
quicker and more precise annotations. The aim is to
make the annotation process more intuitive and
informed.

To address the diverse nature of medical imaging, we're
enhancing the platform's capacity for multi-modal
annotation. This ensures that whether users are working
with MRIs, CT scans, or ultrasounds, the platform is
equipped with tailored tools to assist in the annotation
of each specific modality.

The platform's UX is continually evolving. Leveraging
user feedback, the interface is being redesigned to
simplify navigation and integrate more intuitive
annotation tools. These enhancements cater to both
seasoned annotators and those new to the platform.

To enhance the platform's collaborative capacities,
we're working on features that allow multiple annotators
to jointly work on and review a single image. This
collaborative approach aims to foster teamwork, ensure
quality, and expedite the annotation process.

By embracing a philosophy of continuous improvement,
we're ensuring that our image annotation platform
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remains a key asset in endometriosis automatic
detection research. The envisaged enhancements
outlined in this chapter affirm our commitment to
driving the platform's evolution, meeting the diverse
needs of the medical community, and ultimately
contributing meaningfully to the field of endometriosis
detection.

7. Future Work

As we advance in our research, the training dataset's
importance becomes ever more evident. It serves as the
foundation upon which we build, test, and refine our
models. Given its significance, the following is a
roadmap of our intended future work based on our
training dataset:

Dataset Expansion: While our current dataset
encompasses a broad spectrum of endometriotic lesions
and imaging modalities, we aim to continually expand
it. We intend to include more varied data, thereby
improving the representation and reducing biases in our
models.

Fine-tuning  with  Augmentation  Techniques:
Utilizing advanced data augmentation techniques can
potentially enhance model performance by presenting a
wider array of scenarios during training. This may
include simulated variations in lighting, rotations, and
other transformations to the images.

Incorporating Temporal Data: We plan to collect
sequential imaging data for patients over time, enabling
the development of models that can predict the
progression of endometriosis or assess the effectiveness
of treatments.

Multi-modal Fusion: By integrating information from
various imaging modalities (e.g., ultrasound, MRI,
laparoscopy), we can create more robust and accurate
models. Future work will involve creating algorithms
that seamlessly combine these diverse data sources.

Feedback Loop Implementation: Engaging medical
professionals in providing feedback on model
predictions can refine the dataset iteratively. This
continuous loop of feedback can help in addressing
misclassifications and further enhance model precision.

Exploring Transfer Learning: Given the specialized
nature of our dataset, we aim to explore how transfer
learning, using pre-trained models on more extensive
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generic datasets, can accelerate and improve our model
training process.

Ensuring Ethical and Responsible Al: As the dataset
grows, ensuring that the models trained on it adhere to
ethical guidelines is imperative. This involves
addressing issues of bias, fairness, and transparency.

Collaborative Partnerships: We aim to forge
collaborations with medical institutions and researchers
globally. Such partnerships can facilitate not only the
sharing and expansion of the dataset but also lead to
multidisciplinary approaches to problem-solving.

Integration with Clinical Decision Systems: Once
refined, the models developed from the training dataset
can be integrated into clinical decision support systems,
aiding physicians in diagnosis and treatment planning.

In conclusion, the training dataset is not just a static
resource but a dynamic entity that will evolve and grow,
shaping our research's trajectory. As we look ahead, our
focus remains on harnessing its potential responsibly
and innovatively, driving forward the frontier of
automated endometriosis detection and care.

8. Conclusion

In the evolving landscape of medical research and
diagnostics, the role of technology cannot be overstated.
This paper delved deep into the intricacies of curating a
precise,  representative  training  dataset  for
endometriosis detection, emphasizing the critical
importance of image annotation. Our innovative Image
Annotation Platform stands as a testament to the fusion
of medical expertise and cutting-edge technology. With
its user-centric design, robust security measures, and
adaptable features, the platform has proven invaluable
in the curation of a high-quality dataset tailored for
endometriosis detection.

Furthermore, our collaborations with esteemed medical
institutions and reliance on seasoned radiologists
underscored the platform's efficacy, ensuring that the
data acquired was both comprehensive and clinically
pertinent. The platform's emphasis on GDPR
compliance and stringent data security mechanisms has
not only upheld ethical standards but also fortified trust
within the medical community.

Looking ahead, as the field of automated medical
diagnosis continues to burgeon, the methodologies and
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tools discussed in this paper will undoubtedly serve as
pivotal reference points. The research presented here is
not just an end in itself, but a beacon lighting the path
forward, pushing the boundaries of what is achievable
in the realm of endometriosis detection. We envision a

future

where early and accurate detection of

endometriosis becomes the norm rather than the
exception, significantly enhancing patient outcomes and
fostering a new era in women's health.

References:

1.

1928

Smolarz, B.; SzyHo, K.; Romanowicz, H.
Endometriosis: Epidemiology, Classification,
Pathogenesis, Treatment and Genetics (Review
of Literature). Int. J. Mol. Sci. 2021, 22,
10554. https://doi.org/10.3390/ijms221910554.
Parasar, P., Ozcan, P. & Terry, K.L.
Endometriosis: Epidemiology, Diagnosis and
Clinical Management. Curr Obstet Gynecol
Rep 6, 34-41 (2017).
https://doi.org/10.1007/s13669-017-0187-1.
Nisenblat V, Bossuyt PMM, Farquhar C,
Johnson N, Hull ML. Imaging modalities for
the non-invasive diagnosis of endometriosis.
Cochrane Database of Systematic Reviews
2016, Issue 2. Art. No.: CD009591. DOI:
https://doi.org/10.1002/14651858.CD009591.p
ub2. Accessed 28 October 2023.

Scutelnicu LA., Maftei R., Luca M. An
Overview on Diagnosis of Endometriosis
Disease Based on Machine Learning Methods.
9th International Congress ICICT 2024.
Accepted for publication SPRINGER.

Sarker, 1.H. Machine Learning: Algorithms,
Real-World  Applications and  Research
Directions. SN COMPUT. SCI. 2, 160 (2021).
https://doi.org/10.1007/s42979-021-00592-x.
Schroder, S.-M.; Kiko, R. Assessing
Representation  Learning and  Clustering
Algorithms for Computer-Assisted Image
Annotation—Simulating and Benchmarking
MorphoCluster. Sensors 2022, 22, 2775.
https://doi.org/10.3390/s22072775.
Russakovsky, O., Deng, J., Su, H., Krause, J.,
Satheesh, S., Ma, S., Huang Z., Karpathy A.,
Khosla A., Bernstein M.S., Berg A.C., Fei-Fei
L. ImageNet Large Scale Visual Recognition

10.

11.

12.

13.

Challenge. CoRR abs/1409.0575 (2014)
https://doi.org/10.48550/arXiv.1409.0575.
Krizhevsky A., Sutskever 1., Hinton G.E.
ImageNet classification with deep
convolutional neural networks. Commun.
ACM 60, 6 (June 2017), 84-90.
https://doi.org/10.1145/3065386.

Litjens G, Kooi T, Bejnordi BE, Setio AAA,
Ciompi F, Ghafoorian M, van der Laak
JAWM, van Ginneken B, Sanchez Cl. A
survey on deep learning in medical image
analysis. Med Image Anal. 2017 Dec; 42:60-
88.
https://doi.org/10.1016/j.media.2017.07.005.
Ginneken, B.V., Schaefer-Prokop, C. M., &
Prokop, M. (2011). Computer-aided diagnosis:
how to move from the laboratory to the clinic.
Radiology, 261(3), 719-732.
https://doi.org/10.1148/radiol.11091710.
Maier-Hein, L., Eisenmann, M., Reinke, A. et
al. Why rankings of biomedical image analysis
competitions should be interpreted with care.
Nat Commun 9, 5217 (2018).
https://doi.org/10.1038/s41467-018-07619-7.
Guerriero, S., Condous, G., van den Bosch, T.,
Valentin, L., Leone, F. P., Van Schoubroeck,
D., Exacoustos, C., Installé, A. J., Martins, W.
P., Abrao, M. S., Hudelist, G., Bazot, M.,
Alcazar, J. L., Gongalves, M. O., Pascual, M.
A., Ajossa, S., Savelli, L., Dunham, R., Reid,
S., Menakaya, U., Timmerman, D. (2016).
Systematic approach to sonographic evaluation
of the pelvis in women with suspected
endometriosis, including terms, definitions and
measurements: a consensus opinion from the
International Deep Endometriosis Analysis
(IDEA) group. Ultrasound in obstetrics &
gynecology: the official journal of the
International  Society of Ultrasound in
Obstetrics and Gynecology, 48(3), 318-332.
https://doi.org/10.1002/uo0g.15955.

Bazot, M., & Darai, E. (2017). Diagnosis of
deep endometriosis: clinical examination,
ultrasonography, magnetic resonance imaging,
and other techniques. Fertility and sterility,
108(6), 886-894.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(4), 1919-1930 | ISSN:2251-6727

14,

15.

16.

17.

18.

19.

20.

21.

1929

https://doi.org/10.1016/j.fertnstert.2017.10.026

Becker, C. M., Gattrell, W. T., Gude, K., &
Singh, S. S. (2017). Reevaluating response and
failure of medical treatment of endometriosis:
a systematic review. Fertility and sterility,
108(1), 125-136.
https://doi.org/10.1016/j.fertnstert.2017.05.004

Redpath T. W. (1998). Signal-to-noise ratio in
MRI. The British journal of radiology,
71(847), 704-707.
https://doi.org/10.1259/bjr.71.847.9771379.
Al-Ameen, Z., Sulong, G., Rehman, A. et al.
An innovative technique for contrast
enhancement of computed tomography images
using normalized gamma-corrected contrast-
limited adaptive histogram equalization.
EURASIP J. Adv. Signal Process. 2015, 32
(2015).  https://doi.org/10.1186/s13634-015-
0214-1.

Heo, S. H., Kim, J. W., Shin, S. S., Jeong, Y.
Y., & Kang, H. K. (2014). Multimodal
imaging evaluation in staging of rectal cancer.
World journal of gastroenterology, 20(15),
4244-4255.
https://doi.org/10.3748/wjg.v20.i15.4244.
Reinhardt, J. M., Ding, K. Cao, K,
Christensen, G. E., Hoffman, E. A., & Bodas,
S. V. (2008). Registration-based estimates of
local lung tissue expansion compared to xenon
CT measures of specific ventilation. Medical
image analysis, 12(6), 752-763.
https://doi.org/10.1016/j.media.2008.03.007.
Gurcan, M. N., Boucheron, L. E., Can, A,
Madabhushi, A., Rajpoot, N. M., & Yener, B.
(2009). Histopathological image analysis: a
review. |EEE reviews in  biomedical
engineering, 2, 147-171.
https://doi.org/10.1109/RBME.2009.2034865.
Cremers, D., Osher, S.J. & Soatto, S. Kernel
Density Estimation and Intrinsic Alignment for
Shape Priors in Level Set Segmentation. Int J
Comput  Vision 69, 335-351 (2006).
https://doi.org/10.1007/s11263-006-7533-5.

J. Long, E. Shelhamer and T. Darrell, "Fully
convolutional ~ networks  for  semantic

22.

23.

24,

25.

26.

27.

28.

29.

segmentation,” 2015 IEEE Conference on
Computer Vision and Pattern Recognition
(CVPR), Boston, MA, USA, 2015, pp. 3431-
3440,
https://doi.org/10.1109/CVPR.2015.7298965.
Markiewicz, P.J., Ehrhardt, M.J., Erlandsson,
K. et al. NiftyPET: a High-throughput
Software Platform for High Quantitative
Accuracy and Precision PET Imaging and
Analysis. Neuroinform 16, 95-115 (2018).
https://doi.org/10.1007/s12021-017-9352-y.
Warfield SK, Zou KH, Wells WM.
Simultaneous truth and performance level
estimation (STAPLE): an algorithm for the
validation of image segmentation. IEEE Trans
Med Imaging. 2004 Jul; 23(7): 903-21.
https://doi.org10.1109/TMI.2004.828354.
Taha, A.A., Hanbury, A. Metrics for
evaluating 3D medical image segmentation:
analysis, selection, and tool. BMC Med
Imaging 15, 29 (2015).
https://doi.org/10.1186/s12880-015-0068-x.
Kellogg, G., Champin, P., & Longley, D.
(2019). JSON-LD 1.1 - A JSON-based
Serialization for Linked Data.

Vanschoren J., Rijn J.N.V., Bischl B., Torgo
L. OpenML: networked science in machine
learning. SIGKDD Explor. Newsl. 15, 2
(December 2013), 49-60.
https://doi.org/10.1145/2641190.2641198.
Armbrust M., Fox A., Griffith R., Joseph
AR. Katz R. Konwinski A., Lee G.,
Patterson D., Rabkin A., Stoica I., Zaharia M.
A view of cloud computing. Commun. ACM
53, 4 (April 2010), 50-58.
https://doi.org/10.1145/1721654.1721672.
Huang, D., Yi, X., Zhou, Y., Yao, H., Xu, H.,
Wang, J., Zhang, S., Nong, W., Wang, P., Shi,
L., Xuan, C., Li, M., Wang, J., Li, W., Kwan,
H. S., Sham, P. C., Wang, K., & Li, M. J.
(2020). Ultrafast and scalable variant
annotation and prioritization with  big
functional genomics data. Genome research,
30(12), 1789-1801.
https://doi.org/10.1101/gr.267997.120.

Zech, J. R, M. A. Badgeley, M. Liu, A. B.
Costa, J. J. Titano, and E. K. Oermann. 2018.


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(4), 1919-1930 | ISSN:2251-6727

30.

3L

32.

33.

34.

35.

36.

1930

Variable generalization performance of a deep
learning model to detect pneumonia in chest
radiographs: A cross-sectional study. PLOS
Medicine 15(11):1002683. National
Academies of Sciences, Engineering, and
Medicine. 2020. An Examination of Emerging
Bioethical Issues in Biomedical Research:
Proceedings of a Workshop. Washington, DC:
The National Academies Press.
https://doi.org/10.17226/25778.

McGraw D. (2013). Building public trust in
uses of Health Insurance Portability and
Accountability Act de-identified data. Journal
of the American Medical Informatics
Association: JAMIA, 20(1), 29-34.
https://doi.org/10.1136/amiajnl-2012-000936.
El Emam K, Rodgers S, Malin B.
Anonymising and sharing individual patient
data BMJ 2015; 350: h1139
https://doi.org/10.1136/bmj.h1139.

Kohli, M.D., Summers, RM. & Geis, J.
Medical Image Data and Datasets in the Era of
Machine Learning—Whitepaper from the 2016
C-MIMI Meeting Dataset Session. J Digit
Imaging 30, 392-399 (2017).
https://doi.org/10.1007/s10278-017-9976-3.
Kim, I.; Kang, K.; Song, Y., Kim, T.-J.
Application of Artificial Intelligence in
Pathology: Trends and Challenges. Diagnostics
2022, 12, 2794,
https://doi.org/10.3390/diagnostics12112794.
Keckstein, J, Saridogan, E, Ulrich, U A, et al.
The #Enzian classification: A comprehensive
non-invasive and surgical description system
for endometriosis. Acta Obstet Gynecol Scand.
2021; 100: 1165-1175.
https://doi.org/10.1111/a0gs.14099.

Yogesh, M. J., & Karthikeyan, J. (2022).

Health  Informatics: Engaging  Modern
Healthcare Units: A Brief Overview. Frontiers
in public health, 10, 854688.

https://doi.org/10.3389/fpubh.2022.854688.
Al-Issa, Y., Ottom, M. A, & Tamrawi, A.
(2019). eHealth Cloud Security Challenges: A
Survey. Journal of healthcare engineering,
2019, 7516035.
https://doi.org/10.1155/2019/7516035.

37.

38.

39.

40.

41.

42.

He, Y., Aliyu, A., Evans, M., & Luo, C.
(2021). Health Care Cybersecurity Challenges
and Solutions Under the Climate of COVID-
19: Scoping Review. Journal of medical
Internet research, 23(4), e21747.
https://doi.org/10.2196/21747.

Lee, T. F., Wang, J. G., & Chen, Y. C. (2022).
Review of hierarchical database access control
for E-medicine systems. Tzu chi medical
journal, 35(2), 143-147.
https://doi.org/10.4103/tcmj.tcmj_124 22.
Hathaliya, J.J. and Tanwar, S. (2020). An
Exhaustive Survey on Security and Privacy
Issues in  Healthcare 4.0. Computer
Communications, 153, pp. 311-335:
https://doi.org/10.1016/j.comcom.2020.02.018.
Kirwan, M., Mee, B., Clarke, N., Tanaka, A.,
Manaloto, L., Halpin, E., Gibbons, U., Cullen,
A., McGarrigle, S., Connolly, E. M., Bennett,
K., Gaffney, E., Flanagan, C., Tier, L., Flavin,
R., & McElvaney, N. G. (2021). What GDPR
and the Health Research Regulations (HRRS)
mean for lIreland: "explicit consent”-a legal
analysis. lIrish journal of medical science,
190(2), 515-521.
https://doi.org/10.1007/s11845-020-02331-2.
Chhetri, T.R.; Kurteva, A.; DeLong, R.J;
Hilscher, R.; Korte, K.; Fensel, A. Data
Protection by Design Tool for Automated
GDPR Compliance Verification Based on
Semantically Modeled Informed Consent.
Sensors 2022, 22, 2763.
https://doi.org/10.3390/s22072763.

Mangal, S., Park, L., Reading Turchioe, M.,
Choi, J., Nifio de Rivera, S., Myers, A., Goyal,
P., Dugdale, L., & Masterson Creber, R.
(2022). Building trust in research through
information and intent transparency with
health information: representative  cross-
sectional survey of 502 US adults. Journal of
the American Medical Informatics
Association:  JAMIA, 29(9), 1535-1545.
https://doi.org/10.1093/jamia/ocac084.


http://www.jchr.org/

