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1.​ EXECUTIVE SUMMARY 
 

This deliverable presents the integration of the Human Phenotype Ontology (HPO)1 within 
the CoMPaSS-NMD project, representing a joint effort between the clinical, technical, and 
data standardisation work packages. Its main objective is to harmonise the more than 200 
clinical parameters collected through the project’s electronic Structured Case Report Form 
(eSCRF) with HPO terms, ensuring semantic interoperability across datasets and enabling 
advanced patient data exploration within the CoMPaSS Atlas platform. 

A systematic analysis of eSCRF confirmed that most of its parameters could be mapped 
directly to existing HPO terms, while eight new terms were proposed to fill identified gaps. 
This ensures that the project’s clinical datasets are both interoperable with global ontologies 
and contribute back to the wider biomedical community. 

Deliverable 4.3 also details the technical and user-facing integration of HPO within the Atlas. 
Clinicians and researchers will interact with a dedicated interface that supports hierarchical 
browsing, multi-term selection, and ontology-aware filtering. 

The implementation of this work has been guided by a phased approach: 

●​ Phase 1: User interface mockups validated with partners. 
●​ Phase 2: First filtering implementation, based on PostgreSQL + Jena integration. 
●​ Phase 3: Ontology population strategy, for advanced semantic queries. 
●​ Phase 4: Upgraded filtering implementation, supporting cross-domain semantics 

across clinical, genetic, MRI, and histology data. 

By following this incremental approach, the project guarantees stability, usability, and 
progressive enrichment of the Atlas platform. For users, this means evolving from simple 
HPO-based searches to cross-domain semantic queries, enabling precise cohort 
selection, improved genotype–phenotype correlation, and better support for trial design. A 
demo of the initial functionality is already deployed in the DEV environment and is accessible 
upon request. 

Deliverable 4.3 therefore provides both a milestone of progress and a framework for 
ongoing work, ensuring that the integration of HPO into the Atlas will continue to mature 
throughout Task 4.4 until its completion at Month 46. 

 

 
 

1 https://hpo.jax.org/ 

 

https://hpo.jax.org/


2.​ PROJECT ABSTRACT 
 
The CoMPaSS-NMD project creates novel and universal tools for the diagnostic stratification 
of patients suffering from Hereditary NeuroMuscular Diseases (HNMDs) aiming at 
personalised treatments. 

HNMDs often occur in young people, causing long-term disability and early death; these 
conditions bring a lack of participation, need for permanent assistance, and may require 
long-term institutionalisation. Multidimensional HNMD data - clinical, genetic, 
histopathological and MRI – will be provided by third-level clinical centres in Italy, France, 
Germany, Finland, and the United Kingdom as part of the European Reference Network for 
Rare Neurological Diseases. Computational tools for high-dimensional clustering will be 
applied in an unsupervised learning approach using the internal structure of data to define 
groups of similar patients. Classification model averaging and integration techniques for 
federated learning-inspired model building and novel HNMD-specific descriptors of 
histopathological images will be implemented. The adoption of this multidimensional view 
has the potential to increase the diagnostic rate of HNMDs by 30% and foster effective 
actions by European national health systems. As the main project outcome, the 
CoMPaSS-NMD Atlas Platform will be a cost-effective AI-based application providing precise 
clinical characterization and diagnosis, with data remaining publicly available for anyone in 
the research and health community to use.  

The project will deliver Recommendations and Guidelines for stratification-based patient 
management to offer a superior standard-of-care for diagnosis and prognosis and assist in 
planning clinical trials. It will follow a user-centred, co-design methodology with strong 
stakeholder engagement and networking with other project consortia. 

The project engages partners with clinical, biotechnological, ICT, computational, ethical, and 
legal, communication and exploitation competencies: 6 clinical/academic centres, 1 
academic, and 4 industrial partners. 

 



3.​ INTRODUCTION 
 
This chapter introduces the objectives and scope of Deliverable 4.3 in the context of Task 
4.4 of the CoMPaSS-NMD project. It first explains the purpose of the document, outlining 
how it defines the framework for integrating the Human Phenotype Ontology (HPO) into the 
CoMPaSS Atlas. It then details the scope and objectives of Task 4.4, clarifying how HPO 
terms are selected and applied to represent neuromuscular phenotypes in a standardised 
way. Finally, it highlights the relation with other project activities, with a particular focus on 
the eSCRF as the central link between clinical data collection and ontology-driven integration 
in the Atlas platform. 
 

3.1.​ Purpose of this document. 

This document defines the framework and activities related to the integration of the Human 
Phenotype Ontology (HPO) within the CoMPaSS-NMD project. The initial system 
requirements were defined in Deliverable D4.1 and subsequently refined in Deliverable 
D4.2. Building on these foundations, Deliverable 4.3 extends the platform design with a 
semantic layer that enables the standardisation and structured representation of clinical 
phenotypes through HPO integration. 

Among the requirements established and refined in previous deliverables, the following are 
directly related to the implementation of HPO within the Atlas: 

●​ R22 – Advanced search and filtering capabilities based on all metadata and/or HPO 
terms.​
 

●​ R29 – Integration of HPO terms, meaning that the platform must support the 
semantic tagging of clinical data using HPO identifiers. 

The objective is to describe how HPO terms were reviewed, selected, and, where necessary, 
extended to capture the full spectrum of neuromuscular disease manifestations collected in 
the project. Integration of the Human Phenotype Ontology supports interoperability across 
data collected in the CoMPaSS-NMD project and provides a foundation for advanced 
filtering, and clinical interpretation within the Atlas platform. 

The deliverable is based on the outputs of the co-design meetings held with clinicians and 
technical partners, ensuring that the ontology reflects both medical expertise and technical 
feasibility. These collaborative discussions have guided the selection, adaptation, and 
integration of HPO terms, making the semantic layer consistent with clinical practice and 
aligned with the technical requirements of the Atlas platform. 

Finally, this document serves as a reference for subsequent implementation steps, linking 
the ontology-driven approach with the broader objectives of Work Package 4 and with the 
clinical, genetic, histopathological, and imaging data standardisation efforts conducted in 
other work packages of the CoMPaSS-NMD project. In addition, it provides a detailed 
technical description of how the HPO-based semantic layer will be progressively integrated 

 



into the Atlas platform during the course of Task 4.4, which will continue until Month 46 of the 
project. 

3.2.​ Scope and objectives of Task 4.4 

Task 4.4, Modelling of standardised clinical phenotypes with semantic technologies, is 
directly connected to Deliverable 4.3. It aims at aligning the standardised clinical, 
histological, genetic, and MRI data collected in WP2 and WP3 with the Human Phenotype 
Ontology (HPO), ensuring semantic interoperability and a common language for describing 
patient phenotypes. This involves selecting the most relevant HPO terms to describe the 
clinical parameters defined in CoMPaSS-NMD, and where appropriate, proposing new terms 
to cover features not yet represented. The resulting ontology-driven layer is applied to the 
CoMPaSS Atlas platform, supporting semantic filtering, data exploration, and advanced 
interoperability. 

The unanticipated complexity of HNMD phenotypes, including the lack of straightforward 
correlations between clinical presentation and molecular variation, constitutes a major 
challenge in diagnosis and prognosis of these disorders2. Clinical variability among carriers 
of the same genetic defect, or the inability to formulate a molecular diagnosis, highlights the 
influence of multiple and complex mechanisms on disease onset and expression. These 
factors complicate genotype–phenotype correlations, patient counselling, and the definition 
of minimal datasets needed to stratify patients for therapeutic trials3. Addressing these 
challenges requires the systematic combination of molecular analysis with harmonised 
clinical and instrumental evaluations. 

CoMPaSS-NMD has therefore developed structured methodologies for clinical data 
collection that can be operationalised in AI-based stratification tools. Deliverables from WP2 
and WP3 established a series of electronic case report forms (CRFs) as Standard Operating 
Procedures: 

●​ eCoreCRF: centralises patient identifies and consent. 
●​ eSCRF: captures structured clinical and medical information. 
●​ eHCRF: captures histological data. 
●​ eGCRF: captures genetic data. 
●​ eMRICRF: captures muscle MRI. 

The eSCRF in particular consolidates phenotypic information across demographic data, 
medical history, clinical examinations, and diagnostic measures. 

Clinical parameters were systematically mapped to existing HPO terms, annex 8.1 
presents the complete table mapping for this process ensuring semantic consistency with an 
international standard. In cases where no suitable term was available, proposals for new 
HPO terms were made to expand coverage of relevant neuromuscular features. 

Deliverable 4.3 therefore provides not only a milestone report but also a structured 
framework for Task 4.4. It captures the progress already achieved through co-design with 
clinicians and technical partners, documents how clinical parameters are linked to HPO, and 

3 https://www.sciencedirect.com/science/article/pii/S0929664622002522? 
2 https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.943324/full 
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sets out the next steps for integrating this semantic layer into the Atlas platform. These 
activities will continue iteratively until the end of Task 4.4 at Month 46, progressively 
enriching the Atlas with ontology-based features that support data harmonisation, filtering, 
and patient stratification. 

3.3.​ Relation with other CoMPaSS-NMD activities 
The activities described in this deliverable are closely related to the standardisation work 
carried out in WP2 and WP3, in particular to the development of the electronic Structured 
Case Report Form (eSCRF). The eSCRF, first introduced in Deliverable D2.2, provides the 
structured framework for capturing clinical and medical information across the consortium. It 
has been designed to harmonise demographic data, medical history, clinical examination 
results, and diagnostic measures, and constitutes the central clinical component of the 
broader eCoreCRF template. 

Within Task 4.4, the parameters collected in the eSCRF are systematically mapped to the 
Human Phenotype Ontology (HPO). This mapping ensures that phenotypic features 
recorded in a standardised way at clinical centres are represented using a controlled 
vocabulary that is already widely adopted in biomedical research. The resulting semantic 
layer links the eSCRF with other data modalities collected in the project - including genetic 
(eGCRF), imaging (eMRICRF), and histological data (eHCRF) - and supports their 
integration into the CoMPaSS Atlas platform. 

In this way, Deliverable 4.3 connects the clinical data standardisation efforts of WP2 and 
WP3 with the technical development of WP4, also providing the semantic foundation 
needed for advanced analyses in WP5 and WP6. 

 



 

4.​ HUMAN PHENOTYPE ONTOLOGY BACKGROUND 
 
The Human Phenotype Ontology (HPO) provides a structured and computationally 
accessible vocabulary for describing phenotypic abnormalities observed in human diseases. 
First released in 2008, its primary objective is to support the integration and comparison of 
phenotype information across biomedical disciplines, databases, and clinical resources. 
Over time, HPO has grown into a globally recognised standard, widely adopted by clinicians, 
researchers, and informaticians to harmonise the description of phenotypic data and to 
enable genotype–phenotype correlations in both research and diagnostic settings. 

The ontology is organised as a directed acyclic graph (DAG), in which over 19,000 terms 
are connected by hierarchical “is-a” relationships. This structure allows specific terms (e.g. 
scapular winging) to be linked to broader parent concepts (e.g. abnormality of the shoulder 
girdle), ensuring both fine-grained precision and higher-level aggregation.  

HPO is continuously updated through expert curation and community contributions, ensuring 
that it reflects the latest biomedical knowledge. It integrates data from authoritative 
resources such as OMIM4, Orphanet5, DECIPHER6, and the biomedical literature, and is 
increasingly embedded into electronic health record systems and diagnostic pipelines. Its 
wide adoption in rare disease research projects, patient registries, and international 
initiatives has established it as the reference ontology for human phenotypes. 

For CoMPaSS-NMD, mapping clinical parameters to HPO terms ensures that phenotypic 
data collected through the consortium’s electronic case report forms (eSCRF) can be 
connected to this broader ecosystem of biomedical knowledge. Cross-referencing observed 
clinical features with HPO allows the project to anchor its work in an internationally accepted 
standard, facilitating both internal data integration and interoperability with external 
resources. Table 1 provides examples of how selected phenotypes captured in the 
CoMPaSS-NMD eSCRF were assigned to their corresponding HPO identifiers. 

Table 1 - HPO sample table 

ITEM HPO-Number Term Description 

Dropped Head HP:0000467 Decreased strength of the neck musculature. 

Pes cavus HP:0001761 An increase in height of the medial longitudinal arch of the foot that 

does not flatten on weight bearing (i.e., a distinctly hollow form of the 

sole of the foot when it is bearing weight). 

Myoglobinuria HP:0002913 Presence of myoglobin in the urine. 

6 https://www.deciphergenomics.org/ 
5 https://www.orpha.net/ 
4 https://www.omim.org/ 
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Ogival palatus HP:0000218 Height of the palate more than 2 SD above the mean (objective) or 

palatal height at the level of the first permanent molar more than 

twice the height of the teeth (subjective). 

 

4.1.​ HPO in other Projects 
Several major rare-disease research initiatives have integrated HPO into their phenotyping, 
data sharing, and diagnostic workflows, providing useful precedents for CoMPaSS-NMD. For 
example, the NeurOmics7 project mapped clinical phenotypic records into the HPO 
framework within its translational neuromuscular and neurodegenerative disease strategy 
and fed these annotated phenotypes into the RD-Connect infrastructure to support 
genotype–phenotype discovery and cross-cohort analyses. 

In the Solve-RD8 project, clinical and pedigree data are collected via standardised forms 
employing vocabularies and ontologies including HPO, ORDO, and OMIM; the phenotypic 
data (in HPO format) feed into the GPAP phenotypic store module to support filtering, 
matchmaking, re-analysis, and interoperability across cohorts. 

These projects illustrate how HPO can act as a semantic backbone linking clinical, genomic, 
and computational layers, and underscore its suitability for projects like CoMPaSS-NMD that 
aim to embed ontology-driven filtering and semantic interoperability into their platforms. 

8 https://solve-rd.eu/platforms-tools/ 
7 https://www.nmd-journal.com/article/S0960-8966(15)00581-7/abstract 
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5.​  ACTIVITIES AND METHODOLOGY 
 
This chapter describes the steps undertaken to integrate clinical parameters collected in 
CoMPaSS-NMD with the Human Phenotype Ontology (HPO). It outlines the review process 
used to compare parameters defined in the electronic Structured Case Report Form 
(eSCRF) against existing HPO terms, and details the identification of parameters already 
covered by the ontology. It also reports on cases where no suitable HPO term was available, 
leading to the suggestion of new terms for potential inclusion in the ontology. 

5.1.​ Review of existing HPO Terms​ 
 
The integration of clinical data into the Human Phenotype Ontology (HPO) began with a 
systematic review of the more than 200 parameters defined in the CoMPaSS-NMD 
electronic Structured Case Report Form (eSCRF). Each parameter was evaluated against 
the existing HPO catalogue to determine whether an appropriate term was already available 
or if a new term would be required.  

This review revealed that the majority of the clinical items were already represented within 
the ontology. In particular, 110 eSCRF parameters could be directly mapped to existing 
HPO terms without the need for modification. This demonstrates both the maturity of the 
ontology and its broad coverage of phenotypic abnormalities relevant to neuromuscular 
disorders. 

At the same time, the review highlighted that not all clinical parameters were suitable for 
inclusion in HPO. Several items in the eSCRF are either boolean descriptors (e.g. yes/no 
fields indicating the presence or absence of a condition) or compound parameters that 
capture more than a single phenotypic feature. For example, some fields record not only the 
diagnosis but also related attributes such as type, timing, or severity of the condition. While 
such information is valuable for clinical interpretation and stratification, it does not fit the 
HPO model, which focuses on discrete phenotypic abnormalities. 

Overall, the review process confirmed that existing HPO terms provide strong coverage for 
most of the clinical features captured in the eSCRF, and ensured that the project could 
proceed with a robust semantic foundation before considering the proposal of additional 
terms. 

In the end, the 110 mapped HPO terms were selected for inclusion and use within the 
CoMPaSS-NMD Atlas platform. To ensure full navigability and semantic context, each 
selected term is accompanied by its corresponding parent and ancestor terms within the 
HPO hierarchy, allowing users to access them through the ontology’s tree structure. This 
expansion results in a total of 203 HPO terms integrated into the platform. The complete list 
of included terms comprising their HPO identifiers, labels, and definitions is provided in 
Annex 8.1. 

5.2.​ Suggestion of new HPO Terms​​  

While most of the parameters collected in the eSCRF could be mapped to existing Human 
Phenotype Ontology (HPO) terms, a small number of clinically relevant features were not 

 



represented in the ontology. To address these gaps, eight missing terms were identified by 
partners in WP7 and submitted to the HPO Consortium for evaluation. 

Of these suggestions, two terms have already been accepted and incorporated into the 
HPO, while seven remain under review. Figure 1 presents a screenshot of the term Poly 
Hill sign under revision. 

 

Figure 1  - Example of new term admission 

The list of proposed terms is provided below: 

●​ Item 1: horizontal smile ​ ​ ​ ​ Status: pending 
●​ Item 2: ability to protrude lips ​​ ​ ​ Status: pending 
●​ Item 3: ability to puff off cheeks ​ ​ ​ Status: pending 
●​ Item 4: asymmetric involvement of the face ​​ Status: pending 
●​ Item 5: Ability to climb stairs - with support ​ ​ Status: pending 
●​ Item 6: Ability to climb stairs - unable ​ ​ Status: pending 
●​ Item 7: horizontal clavicles ​ ​ ​ ​ Status: pending 
●​ Item 8: Impaired heel walking​​ ​ ​ Status: Accepted HP:60004909 
●​ Item 9: Poly-hill sign​ ​ ​ ​ ​ Status: Accepted HP:600050410 

These proposals illustrate how the CoMPaSS-NMD consortium has contributed to the 
refinement and extension of the ontology by ensuring that domain-specific neuromuscular 
features are adequately represented. Even when not yet accepted, the submission process 
establishes a clear channel of communication with the HPO community and ensures that the 
project’s outputs remain aligned with international standards. 

 

10 https://hpo.jax.org/browse/term/HP:6000504 
9 https://hpo.jax.org/browse/term/HP:6000490 

 



 

6.​ INTEGRATION WITH COMPASS-NMD ATLAS PLATFORM​  

This chapter describes how the Human Phenotype Ontology (HPO) is being technically 
integrated into the CoMPaSS-NMD Atlas platform. It explains the way in which clinical 
parameters captured through the eSCRF are linked to HPO terms, and how these mappings 
are exposed in both the frontend and backend of the system. The chapter also illustrates 
how ontology-driven filtering will be offered to users, enabling advanced cohort building and 
semantic exploration of patient data.  

The work is being developed in phases, moving from initial frontend prototypes towards a 
fully operational semantic layer based on RDF11 and SPARQL12. While the feature is not yet 
fully implemented, a first demo of the ontology-driven filtering has already been presented to 
partners. A phased roadmap has been defined and will continue through the course of Task 
4.4 until Month 46, progressively enriching the Atlas with advanced semantic capabilities. 

6.1.​ Implementation Roadmap 
 
The integration of HPO-based filtering into the CoMPaSS-NMD Atlas follows a phased 
roadmap, ensuring that new functionality is gradually introduced, validated with partners, 
and aligned with clinical and technical needs. Each phase builds upon the previous one, 
expanding both the platform’s capabilities and the ways in which users can interact with 
patient data. 

6.1.1.​ Phase 1 - Mockup UI/UX 
 
Objective: Validate the user experience before any backend implementation. 
Description: A frontend-only prototype was created using a static JSON subset of the HPO. 
This allowed clinicians and researchers to test hierarchical browsing, multi-selection of 
terms, chip management, and table filtering, in a functional mockup. 
Outcome for users: Partners could explore how filtering will look and behave, providing 
direct feedback on usability and features. 
Access to demo: A version of the functional mockup is deployed in the DEV environment. 
Access for testing purposes can be made available upon request. 

6.1.2.​ Phase 2 - First Filtering Implementation 
 
Objective: Connect the validated user interface to backend services. 
Description: In this phase, HPO terms are linked to clinical parameters stored in 
PostgreSQL, while Apache Jena (via Fuseki)13 handles ontology reasoning, including 
hierarchy expansion (“is-a” relationships) and closure operations. The backend mediates 
between the frontend and data services: Jena expands selected ontology terms, and SQL 
queries on PostgreSQL retrieve corresponding patient records. 
Outcome for users: Filtering results correspond to actual patient data in the Atlas. Users 
can reliably search by HPO terms and retrieve matching cohorts with stable performance. 

13 https://jena.apache.org/documentation/fuseki2/ 
12 https://jena.apache.org/tutorials/sparql.html 
11 https://jena.apache.org/tutorials/rdf_api.html 
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6.1.3.​ Phase 3 - Patients in RDF 
 
Objective: Enable semantic queries over patient data. 
Description: Patients and their clinical features are modelled as RDF individuals, directly 
linked to HPO terms through semantic properties. Filtering is implemented as SPARQL 
queries directly on the ontology loaded in Apache Jena. The backend now supports 
advanced query logic, including AND / OR / NOT combinations and hierarchical expansion. 
Outcome for users: Researchers can define complex cohorts (e.g., patients with gait 
disturbance and eye movement abnormalities, but not hypothyroidism), select specific 
phenotypes, and achieve a precise, objective and detailed stratification of patients including 
both neuromuscular and extramuscular features, directly through the Atlas interface. 

6.1.4.​ Phase 4 - Cross-Domain Semantics​  
Objective: Extend the semantic model to cover additional multimodal data sources, 
including genetic, MRI, and histopathological datasets. 
Description: Metadata from each modality are represented in RDF and linked semantically 
to patient entities and HPO terms, creating a unified knowledge graph. 
Outcome for users: Multi-modal queries become possible, such as “Find patients with 
limb-girdle weakness who also show fatty replacement on MRI scans and fiber necrosis in 
histology reports.” This phase transforms the Atlas into a fully semantic discovery platform, 
enabling integrated analysis across heterogeneous data types and allowing users to 
correlate clinical phenotypes with paraclinical findings for a comprehensive patient 
characterization and stratification.  
This phase transforms the Atlas into a fully semantic discovery platform, supporting 
advanced cohort exploration across all data types and providing a single SPARQL endpoint 
for integrated biomedical reasoning. 
 

6.2.​ Frontend Integration 
HPO-based filtering, as shown in Figure 2, is exposed through a dedicated interface 
integrated into the Atlas platform’s data browsing. 

 

Figure 2  - Screenshot HPO Filtering Initial View 

The filtering component allows clinicians and researchers to navigate the ontology 
hierarchically, search for specific terms, and select one or multiple terms per level. Selected 
terms are displayed as interactive, colour-coded filter chips above the results table, making 
active filters immediately visible. This behaviour is showcased in Figure 3. 

 



 

Figure 3  - Screenshot HPO Filtering multiple HPO terms selected 

Figures 4–6 illustrate the main interface elements in more detail. The left-hand panel shows 
the list of active filters (Figure 4), while the right-hand panel displays the ontology navigation 
tree, enabling hierarchical browsing and multi-select behaviour (Figure 5). The patient 
results table (Figure 6) dynamically updates to display only those patients matching the 
selected criteria. 
 

 
Figure 4  - Focus HPO Filtering left-hand panel active filters 

 
Figure 5  - Focus HPO Filtering right-hand ontology navigation tree 

 
Figure 6  - Focus HPO Filtering matching patient table 

 

 



The frontend prototype was developed and validated during Phase 1 of the roadmap, using 
a static JSON subset of HPO to simulate ontology navigation and filtering. This mockup was 
shared with consortium partners, who tested the usability of hierarchical browsing, chip 
management, and table filtering behaviour. Feedback collected in this phase guided 
refinements to multi-select logic, clear/reset functionality, and the visual display of active 
filters. Importantly, this design reflects clinical input collected through co-design sessions. 

In Phase 2, the same interface will be connected to backend endpoints powered by Apache 
Jena and PostgreSQL14, enabling queries against real patient data while preserving the 
validated user experience. Accessibility considerations have been included from the outset, 
ensuring that the filtering interface remains usable for clinicians with different levels of 
technical expertise. The backend logic enabling this frontend behaviour is described in 
Section 6.3 – Backend and Semantic Layer. 

6.3.​ Mapping Clinical Parameters to HPO 

In Phase 2 of the roadmap, the first stage of technical implementation is performed, and 
clinical parameters collected through the eSCRF are associated directly with their 
corresponding HPO terms within the relational database (PostgreSQL) already used in the 
Atlas platform. This approach ensures that ontology mappings can be embedded into the 
existing architecture without requiring immediate changes to the data model. 

Each eSCRF field relevant for ontology alignment is linked to an HPO identifier (HPO-ID), 
which is stored in PostgreSQL alongside the structured clinical data. This enables the 
system to preserve the original parameter values while simultaneously referencing their 
semantic counterpart. For example, a field describing scapular winging is stored both as a 
structured clinical entry and mapped to the HPO term HP:0003691. The structure of this 
mapping process is illustrated in Figure 7. 

 

Figure 7  - Mapping clinical parameter to HPO ID Phase 2 

This relational implementation supports the first functional version of ontology-based 
filtering, allowing users to explore patient cohorts using HPO terms while keeping full 
compatibility with the current Atlas workflows. At the same time, it provides a stable 
foundation for the next development phase, in which mappings will be migrated into RDF 
representations and managed through Apache Jena. This semantic layer will enable 
hierarchy-aware filtering, logical combinations (AND/OR/NOT), and advanced 
SPARQL-based cohort definitions. 

The evolution of this mapping approach follows the phased strategy outlined in Section 6.4 
Implementation Roadmap: 

14 https://www.postgresql.org/ 
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●​ Phase 2 introduces the relational PostgreSQL-based mapping to provide immediate 
interoperability and user-facing filtering capabilities.​
 

●​ Phase 3 foresees the migration of patient and clinical form data into RDF graphs, 
linking individuals directly to HPO terms and enabling complex SPARQL queries 
within the Apache Jena framework. 

By adopting this phased approach, the project guarantees stability and integration within the 
current Atlas infrastructure while already delivering added value in terms of standardisation 
and interoperability. The relational model ensures immediate usability, while the planned 
transition to RDF progressively unlocks the full potential of ontology-driven data exploration. 

6.4.​ Backend and Semantic Layer 
 
While Phase 1 focused exclusively on the user interface mockup, with no backend 
integration, the subsequent phases progressively introduced the semantic and data 
management infrastructure required to support ontology-based filtering. This section 
provides a technical overview of the backend stack and its integration with the Atlas 
platform. 
 
PostgreSQL for Clinical Data Storage 
All patient and clinical form data are currently stored in a PostgreSQL relational database. In 
Phase 2, each clinical parameter mapped to an HPO term is stored alongside its 
corresponding HPO identifier (HPO-ID). This provides direct traceability between raw 
eSCRF entries and their ontology mappings, ensuring interoperability while maintaining 
compatibility with the existing data model. SQL queries remain the baseline for retrieving 
pseudonymised patient records, with ontology expansions handled externally by Jena. 
 
Apache Jena and Fuseki for Ontology Management 
The Apache Jena framework forms the semantic backbone of the system. Jena provides a 
set of Java-based tools for working with RDF graphs, ontologies, and SPARQL queries. 
Within CoMPaSS-NMD, the HPO OWL file (downloaded from the official repository) is 
loaded into a Jena Fuseki server, which exposes a /sparql endpoint for programmatic 
access. Fuseki serves as a lightweight RDF triple store and query engine, capable of: 

●​ Ontology reasoning: resolving hierarchical parent–child relationships (“is-a” edges). 
●​ Query expansion: when a user selects an HPO term, Jena can return all its 

descendants, ensuring closure of the ontology hierarchy. 
●​ SPARQL querying: supporting logical combinations (AND, OR, NOT) of HPO terms 

and later, complex cohort definitions. 

By separating ontology reasoning (Jena/Fuseki) from patient data retrieval (Postgres), the 
backend balances semantic power with database performance. 
 
RDF Data Model for Patients 
In Phase 3, patients and clinical features will be represented as RDF individuals in a 
dedicated semantic graph. For example: 
 
 

 



:Patient_123 a :Patient ; 

    ​ ​ :hasPhenotype hpo:HP_0003691 ; 

    ​ ​ :hasPhenotype hpo:HP_0001250 . 

 

This model allows direct linking of patients to ontology terms via semantic properties. Once 
patients are RDF individuals, queries can be executed entirely in SPARQL, without needing 
translation into SQL. This supports highly expressive cohort definitions, including the 
combination of muscular features with paraclinical and laboratory investigations, and 
extramuscular features, such as: 

●​ Patients with any descendant of Gait disturbance AND any abnormality of eye 
movement. 

●​ Patients with Hyperthyroidism OR any of its child terms BUT NOT Hypothyroidism. 
●​ Patients with Shoulder girdle muscle weakness AND creatine kinase >4x normal 

value (>1000 U/L) 
●​ Patients with Pelvic girdle muscle weakness WITH abnormal echocardiogram BUT 

normal FVC at last pulmonary function tests. 

Integration Workflow 
The architecture underlying this process is shown in Figure 8. The diagram illustrates how 
the CoMPaSS ontology (including HPO) is loaded into Apache Jena, which interacts with the 
backend to resolve ontology queries. The backend, implemented in Node.js, mediates 
communication between the frontend and the data services. Jena handles ontology 
reasoning, Postgres stores patient data and mapped HPO identifiers, MinIO manages large 
biomedical data files (e.g. MRI, histology), and Keycloak provides authentication and access 
management. This modular design ensures secure, ontology-driven filtering while preserving 
compatibility with the existing Atlas infrastructure. 
 

 

 



Figure 8  - Technical architecture for ontology-driven filtering in the CoMPaSS-NMD Atlas 

 
Ontology Management (.OWL file) 
The HPO ontology is provided in OWL format15. Within the Atlas, the OWL file is parsed and 
loaded into Jena/Fuseki. This ensures that the semantic layer always works with the latest 
version of HPO, including new terms and structural changes. Updates are version-controlled, 
with mappings validated before deployment to avoid breaking queries. 

6.5.​ Example Queries and User Stories 
 
The integration of HPO into the Atlas platform enables clinicians and researchers to define 
patient cohorts through intuitive filtering that translates into powerful semantic queries. While 
initial phases already provide ontology-aware filtering, the full potential will be realised in 
Phase 4, when all data domains (clinical, genetic, MRI, and histology) are semantically 
integrated into a unified knowledge graph. 
Below are illustrative examples of cohort definitions that the system will support: 

●​ Phenotype combinations 
○​ UI phrasing: "Patients with any HPO term related to pelvic girdle weakness 

AND any HPO term related to hyperlordosis." 
○​ UI phrasing: “Patients with any HPO term related to gait disturbance AND any 

HPO term related to abnormality of eye movement.” 
○​ UI phrasing: "Patients with any HPO term related to weakness of facial 

musculature AND any HPO term related to abdominal wall muscle 
weakness." 

●​ Logical exclusions 
○​ UI phrasing: “Patients with Hyperthyroidism OR any of its related HPO terms 

BUT NOT Hypothyroidism.” 
○​ UI phrasing: "Patients with any HPO term related to pelvic girdle weakness 

BUT NOT HPO terms related to abnormality of eye movement." 
○​ UI phrasing: "Patients with sensorineural deafness BUT NOT eyelid ptosis."​

 
●​ Family-based constraints 

○​ UI phrasing: “Patients whose parents present gait disturbance OR 
abnormality of eye movement.” 

○​ UI phrasing: "Patients whose parents present elevated CPK levels OR gait 
disturbance." 

●​ Cross-domain queries 
○​ UI phrasing: “Patients with limb-girdle muscle weakness AND histology 

reports showing fiber necrosis.” 
○​ UI phrasing: "Patients with ragged red fibers on histology AND extraocular 

muscle weakness" 
○​ UI phrasing: "Patients with scapular winging at rest AND abnormal 

T1-weighted lower limbs MRI"  

15 https://hpo.jax.org/data/ontology 
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Through these capabilities, the Atlas platform evolves from a structured data repository into 
a semantic discovery environment, where complex research questions can be formulated in 
natural clinical terms and resolved through ontology-driven reasoning. This approach 
empowers both clinicians and researchers to identify meaningful patient subgroups, 
supporting diagnosis, prognosis, and the design of targeted clinical studies. 

 



 

7.​ CONCLUSIONS AND NEXT STEPS 
This deliverable has documented the activities carried out within Task 4.4 to integrate the 
Human Phenotype Ontology (HPO) into the CoMPaSS-NMD project. Starting from the 
systematic review of over 200 clinical parameters in the eSCRF, most items were found to 
already be covered by HPO, while ten  new terms were proposed to the ontology. These 
results ensure that the project’s clinical data collection is aligned with international 
standards, while also contributing back to the wider ontology community. 

Deliverable 4.3 also described how HPO terms are being technically embedded into the 
Atlas platform. A phased roadmap has been defined: beginning with the validation of user 
interface mockups (Phase 1), followed by a first filtering implementation with PostgreSQL 
and Apache Jena integration (Phase 2), RDF-based patient modelling (Phase 3), and finally 
cross-domain semantic integration across clinical, genetic, imaging, and histology data 
(Phase 4). Together, these steps transform the Atlas from a multimodal repository into a 
semantically enabled platform capable of supporting complex, ontology-driven cohort 
queries. 

For clinicians and researchers, the implementation of HPO-based filtering will provide a 
powerful new way to explore patient data. Simple searches such as “patients with gait 
disturbance” will evolve into complex semantic queries spanning multiple data types, 
enabling fine-grained cohort selection, improved genotype–phenotype correlation, clinical 
and paraclinical (MRI and pathology) data integration, and better support for patient 
stratification and trial design. 

Next steps include the continued implementation of the roadmap, with particular emphasis 
on: 

●​ Completing Phase 2 and validating ontology-based filtering against real patient data. 
●​ Preparing the RDF patient model and enabling more advanced queries in Phase 3. 
●​ Extending the semantic layer to cover MRI, histology, and genetics in Phase 4. 
●​ Iteratively collecting feedback from consortium partners through co-design 

workshops. 

This feedback process will remain a cornerstone of the work as Task 4.4 continues until 
Month 46, ensuring that ontology integration evolves in close alignment with both technical 
requirements and clinical practice. 

 



 

8.​ ANNEXES 
8.1.​ HPO Terms Integrated 

 

HPO ID Label Definition 

HP:0033354 Abnormal urine metabolite level 
Any deviation from the normal amount of a metabolite in 
urine. 

HP:0006467 Limited shoulder movement 
A limitation of the range of movement of the shoulder 
joint. 

HP:0000479 Abnormal retinal morphology A structural abnormality of the retina. 

HP:0002944 Thoracolumbar scoliosis (definition not found) 

HP:0004375 Neoplasm of the nervous system 
A tumor (abnormal growth of tissue) of the nervous 
system. 

HP:0000496 Abnormality of eye movement 
An abnormality in voluntary or involuntary eye 
movements or their control. 

HP:0002650 Scoliosis 
The presence of an abnormal lateral curvature of the 
spine. 

HP:0002817 Abnormality of the upper limb An abnormality of the arm. 

HP:0000174 Abnormal palate morphology Any abnormality of the palate, i.e., of roof of the mouth. 

HP:0000766 Abnormal sternum morphology 
An anomaly of the sternum, also known as the 
breastbone. 

HP:0007210 Lower limb amyotrophy Muscular atrophy affecting the lower limb. 

HP:0003236 
Elevated circulating creatine kinase 
concentration 

An elevation of the level of the enzyme creatine kinase 
(also known as creatine phosphokinase (CK; EC 
2.7.3.2) in the blood. CK levels can be elevated in a 
number of clinical disorders such as myocardial 
infarction, rhabdomyolysis, and muscular dystrophy. 

HP:0010505 Limitation of movement at ankles An abnormal limitation of the mobility of the ankle joint. 

HP:0003549 Abnormality of connective tissue 

Any abnormality of the soft tissues, including both 
connective tissue (tendons, ligaments, fascia, fibrous 
tissues, and fat). 

HP:0011024 Abnormality of the gastrointestinal tract An abnormality of the gastrointestinal tract. 

HP:0001445 Abnormality of the hip-girdle musculature (definition not found) 

HP:0004370 Abnormality of temperature regulation An abnormality of temperature homeostasis. 

HP:0003797 Limb-girdle muscle atrophy 
Muscular atrophy affecting the muscles of the limb 
girdle. 

HP:0011389 Functional abnormality of the inner ear An abnormality of the function of the inner ear. 

HP:0012759 Neurodevelopmental abnormality 

A deviation from normal of the neurological development 
of a child, which may include any or all of the aspects of 
the development of personal, social, gross or fine motor, 
and cognitive abilities. 

HP:0002011 
Morphological central nervous system 
abnormality A structural abnormality of the central nervous system. 

HP:0011805 Abnormal skeletal muscle morphology A structural abnormality of a skeletal muscle. 

 



HPO ID Label Definition 

HP:0000301 Abnormality of facial musculature 
An anomaly of a muscle that is innervated by the facial 
nerve (the seventh cranial nerve). 

HP:0002814 Abnormality of the lower limb An abnormality of the leg. 

HP:0025270 Abnormal esophagus physiology Any physiological abnormality of the esophagus. 

HP:0002926 Abnormality of thyroid physiology An abnormal functionality of the thyroid gland. 

HP:0012715 Profound hearing impairment 
A profound (essentially complete) form of hearing 
impairment. 

HP:0000492 Abnormal eyelid morphology An abnormality of the eyelids. 

HP:0007340 Lower limb muscle weakness Weakness of the muscles of the legs. 

HP:0001471 
Aplasia/Hypoplasia of the musculature of 
the pelvis (definition not found) 

HP:0011446 Abnormality of mental function Cognitive, psychiatric, or memory anomaly. 

HP:0030878 Abnormality on pulmonary function testing 

Any anomaly measure by pulmonary function testing, 
which includes spirometry, measures of diffusing 
capacity, and plethysmography. 

HP:0010548 Percussion myotonia 

A localized myotonic contraction in a muscle in reaction 
to percussion (tapping with the examiner's finger, a 
rubber percussion hammer, or a similar object). 

HP:0000118 Phenotypic abnormality A phenotypic abnormality. 

HP:0000782 Abnormal scapula morphology 
Any abnormality of the scapula, also known as the 
shoulder blade. 

HP:0031826 Abnormal reflex 

Any anomaly of a reflex, i.e., of an automatic response 
mediated by the nervous system (a reflex does not need 
the intervention of conscious thought to occur). 

HP:0001288 Gait disturbance 
The term gait disturbance can refer to any disruption of 
the ability to walk. 

HP:0001446 
Abnormality of the musculature of the 
upper limbs (definition not found) 

HP:0000365 Hearing impairment 
A decreased magnitude of the sensory perception of 
sound. 

HP:0004347 Weakness of muscles of respiration 

Reduced function of the muscles required to generate 
subatmospheric pressure in the thoracic cavity during 
breathing: the diaphragm, the external intercostal and 
the interchondral part of the internal intercostal muscles. 

HP:0000889 Abnormal clavicle morphology Any abnormality of the clavicles (collar bones). 

HP:0008956 Proximal lower limb amyotrophy 
Muscular atrophy affecting proximally located muscles of 
the legs, i.e., of the thigh. 

HP:0011957 Abnormal pectoral muscle morphology 

An abnormality of the pectoral muscle, comprising the 
pectoralis major, a thick, fan-shaped muscle of the 
anterior chest and the pectoralis minor, a thin, triangular 
muscle situated underneath the pectoralis major. 

HP:0000818 Abnormality of the endocrine system An abnormality of the endocrine system. 

HP:0003325 Limb-girdle muscle weakness 

Weakness of the limb-girdle muscles (also known as the 
pelvic and shoulder girdles), that is, lack of strength of 
the muscles around the shoulders and the pelvis. 

HP:0000078 Abnormality of the genital system An abnormality of the genital system. 

HP:0003326 Myalgia Pain in muscle. 

 



HPO ID Label Definition 

HP:0001311 
Abnormal nervous system 
electrophysiology 

An abnormality of the function of the electrical signals 
with which nerve cells communicate with each other or 
with muscles as measured by electrophysiological 
investigations. 

HP:0034241 Prenatal death Death of a fetus in the uterus. 

HP:0012373 Abnormal eye physiology A functional anomaly of the eye. 

HP:0011729 Abnormality of joint mobility 
An abnormality in the range and ease of motion of joints 
across their normal range. 

HP:0034930 Digestive system neoplasm 
A tumor (abnormal growth of tissue) of the digestive 
system. 

HP:0025285 Aggravated by 

An aggravating factor is defined as an external factor 
that leads to a sign or symptom that is already present 
getting worse or becoming more severe. 

HP:0009129 Upper limb amyotrophy 
Muscular atrophy involving the muscles of the upper 
limbs. 

HP:0001268 Mental deterioration 
Loss of previously present mental abilities, generally in 
adults. 

HP:0001999 Abnormal facial shape 
An abnormal morphology (form) of the face or its 
components. 

HP:0003693 Distal amyotrophy 
Muscular atrophy affecting muscles in the distal portions 
of the extremities. 

HP:0003117 
Abnormal circulating hormone 
concentration 

Concentration of a hormone in the blood circulation 
outside of normal limits. 

HP:0012758 Neurodevelopmental delay 

Neurodevelopmental delay (NDD) refers to delays in the 
maturation of the brain and central nervous system; 
infants and young children with NDD may experience 
delays in the development of one or more skills 
including gross motor abilities, fine-motor coordination, 
language abilities and ability to solve increasingly 
complex problems. 

HP:0000729 Autistic behavior 

Persistent deficits in social interaction and 
communication and interaction as well as a markedly 
restricted repertoire of activity and interest as well as 
repetitive patterns of behavior. 

HP:0004302 Functional motor deficit (definition not found) 

HP:0010674 
Abnormal curvature of the vertebral 
column 

The presence of an abnormal curvature of the vertebral 
column. 

HP:0000951 Abnormality of the skin An abnormality of the skin. 

HP:0011025 
Abnormal cardiovascular system 
physiology Abnormal functionality of the cardiovascular system. 

HP:0001952 Glucose intolerance 

Glucose intolerance (GI) can be defined as dysglycemia 
that comprises both prediabetes and diabetes. It 
includes the conditions of impaired fasting glucose (IFG) 
and impaired glucose tolerance (IGT) and diabetes 
mellitus (DM). 

HP:0003198 Myopathy 
A disorder of muscle unrelated to impairment of 
innervation or neuromuscular junction. 

HP:0002093 Respiratory insufficiency (definition not found) 

 



HPO ID Label Definition 

HP:0001871 
Abnormality of blood and blood-forming 
tissues An abnormality of the hematopoietic system. 

HP:0001435 
Abnormality of the shoulder girdle 
musculature (definition not found) 

HP:0100261 Abnormal tendon morphology 
An abnormality of the structure or form of the tendons, 
also often called sinews. 

HP:0002460 Distal muscle weakness 
Reduced strength of the musculature of the distal 
extremities. 

HP:0001637 Abnormal myocardium morphology 
A structural anomaly of the muscle layer of the heart 
wall. 

HP:0011842 Abnormal skeletal morphology 
An abnormality of the form, structure, or size of the 
skeletal system. 

HP:0030680 
Abnormal cardiovascular system 
morphology Any structural anomaly of the heart and blood vessels. 

HP:0000164 Abnormality of the dentition Any abnormality of the teeth. 

HP:0003457 EMG abnormality 
Abnormal results of investigations using 
electromyography (EMG). 

HP:0002167 Abnormal speech pattern 
An abnormality in the sound (volume) or cadence (rate) 
of speech. 

HP:4000112 Medication history 
Information about current or past medications taken by 
an individual. 

HP:0100711 Abnormal thoracic spine morphology An abnormality of the thoracic vertebral column. 

HP:0007379 Neoplasm of the genitourinary tract 
A tumor (abnormal growth of tissue) of the genitourinary 
system. 

HP:0002086 Abnormality of the respiratory system 
An abnormality of the respiratory system, which include 
the airways, lungs, and the respiratory muscles. 

HP:0000517 Abnormal lens morphology An abnormality of the lens. 

HP:0008047 Abnormality of the vasculature of the eye (definition not found) 

HP:0001324 Muscle weakness Reduced strength of muscles. 

HP:0430019 Abnormality of muscle of facial expression 

An abnormality of any of the muscles of facial 
expression, which are innervated by the seventh (VII) 
cranial nerve and control facial expression. 

HP:0003690 Limb muscle weakness 
Reduced strength and weakness of the muscles of the 
arms and legs. 

HP:0001760 Abnormal foot morphology An abnormality of the skeleton of foot. 

HP:0012638 Abnormal nervous system physiology A functional anomaly of the nervous system. 

HP:0011793 Neoplasm by anatomical site 
Neoplasm categorized according to the anatomical site 
of origin of the neoplasm. 

HP:0030956 
Abnormality of cardiovascular system 
electrophysiology 

An anomaly of the electrical conduction physiology of 
the heart. 

HP:0032120 
Abnormal peripheral nervous system 
physiology 

Any functional abnormality of the part of the nervous 
system that consists of the nerves and ganglia outside 
of the brain and spinal cord. 

HP:0012531 Pain 

An unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or 
described in terms of such damage. 

 



HPO ID Label Definition 

HP:0011804 Abnormal muscle physiology A functional abnormality of a skeletal muscle. 

HP:0000925 Abnormality of the vertebral column Any abnormality of the vertebral column. 

HP:0002913 Myoglobinuria Presence of myoglobin in the urine. 

HP:0033475 Limited shoulder abduction 
Decreased ability to move the arm away from the 
midline of the body. 

HP:0008046 Abnormal retinal vascular morphology A structural abnormality of retinal vasculature. 

HP:0004626 Lumbar scoliosis (definition not found) 

HP:0100006 Neoplasm of the central nervous system A neoplasm of the central nervous system. 

HP:0000597 Ophthalmoparesis 
Ophthalmoplegia is a paralysis or weakness of one or 
more of the muscles that control eye movement. 

HP:0007941 Limited extraocular movements Limited mobility of the eye within its socket. 

HP:0002943 Thoracic scoliosis (definition not found) 

HP:0008959 Distal upper limb muscle weakness Reduced strength of the distal musculature of the arms. 

HP:0000218 High palate 

Height of the palate more than 2 SD above the mean 
(objective) or palatal height at the level of the first 
permanent molar more than twice the height of the teeth 
(subjective). 

HP:0000767 Pectus excavatum 

A defect of the chest wall characterized by a depression 
of the sternum, giving the chest ("pectus") a caved-in 
("excavatum") appearance. 

HP:0008944 Distal lower limb amyotrophy Muscular atrophy of distal leg muscles. 

HP:0008180 Mildly elevated creatine kinase (definition not found) 

HP:0030234 Highly elevated creatine kinase 
An increased CPK level between 4X and 50X above the 
upper normal level. 

HP:0033526 Limited ankle dorsiflexion Reduced ability to move the foot up toward the shin. 

HP:0034392 Joint contracture 

A limitation in the passive range of motion of a joint 
resulting from loss of elasticity in the periarticular tissues 
owing to structural changes of non-bony tissues, such 
as muscles, tendons, ligaments, joint capsules or skin. A 
contracture prevents movement of the associated body 
part. 

HP:0007378 Neoplasm of the gastrointestinal tract 
A tumor (abnormal growth of tissue) of the 
gastrointestinal tract. 

HP:0008988 Pelvic girdle muscle atrophy 

Muscular atrophy affecting the muscles that attach to the 
pelvic girdle (the gluteal muscles, the lateral rotators, 
adductor magnus, adductor brevis, adductor longus, 
pectineus, and gracilis muscles). 

HP:0002047 Malignant hyperthermia 

Malignant hyperthermia is characterized by a rapid 
increase in temperature to 39-42 degrees C. Malignant 
hyperthermia may occur in response to either 
inhalational anesthetics such as halothane, to muscle 
relaxants such as succinylcholine, or to exercise. 

HP:0003724 Shoulder girdle muscle atrophy Amyotrophy affecting the muscles of the shoulder girdle. 

HP:0000407 Sensorineural hearing impairment 
A type of hearing impairment in one or both ears related 
to an abnormal functionality of the cochlear nerve. 

HP:0001249 Intellectual disability 
Intellectual disability, previously referred to as mental 
retardation, is characterized by subnormal intellectual 

 



HPO ID Label Definition 

functioning that occurs during the developmental period. 
It is defined by an IQ score below 70. 

HP:0030319 Weakness of facial musculature 
Reduced strength of one or more muscles innervated by 
the facial nerve (the seventh cranial nerve). 

HP:0009053 Distal lower limb muscle weakness Reduced strength of the distal musculature of the legs. 

HP:0002015 Dysphagia Difficulty in swallowing. 

HP:0000821 Hypothyroidism Deficiency of thyroid hormone. 

HP:0000836 Hyperthyroidism 

An abnormality of thyroid physiology characterized by 
excessive secretion of the thyroid hormones thyroxine 
(i.e., T4) and/or 3,3',5-triiodo-L-thyronine zwitterion (i.e., 
triiodothyronine or T3). 

HP:0031508 
Abnormal circulating thyroid hormone 
concentration 

Any deviation from the normal range of the hormones 
produced by the thyroid gland. 

HP:0011476 
Profound sensorineural hearing 
impairment 

Complete loss of hearing related to a sensorineural 
defect. 

HP:0008050 Abnormality of the palpebral fissures 
An anomaly of the space between the medial and lateral 
canthi of the two open eyelids. 

HP:0100543 Cognitive impairment 
Abnormal cognition is characterized by deficits in 
thinking, reasoning, or remembering. 

HP:0032341 Reduced forced vital capacity 
An abnormal reduction in the amount of air a person can 
expel following maximal inspiration. 

HP:0003719 Muscle mounding 
Percussion-induced, local prolonged contractions 
(mounding) in muscle persisting for several seconds. 

HP:0003760 
Percussion-induced rapid rolling muscle 
contractions 

Mechanical percussion (i.e., striking a muscle with a 
reflex hammer) leads to spreading waves of muscle 
contractions that begin proximally and spread laterally 
across the muscle. 

HP:0000478 Abnormality of the eye 
Any abnormality of the eye, including location, spacing, 
and intraocular abnormalities. 

HP:0002664 Neoplasm 

An organ or organ-system abnormality that consists of 
uncontrolled autonomous cell-proliferation which can 
occur in any part of the body as a benign or malignant 
neoplasm (tumor). 

HP:0003691 Scapular winging 
Abnormal protrusion of the scapula away from the 
surface of the back. 

HP:0001315 Reduced tendon reflexes 
Diminution of tendon reflexes, which is an invariable 
sign of peripheral nerve disease. 

HP:0001347 Hyperreflexia 
Hyperreflexia is the presence of hyperactive stretch 
reflexes of the muscles. 

HP:0002515 Waddling gait 

Weakness of the hip girdle and upper thigh muscles, for 
instance in myopathies, leads to an instability of the 
pelvis on standing and walking. If the muscles extending 
the hip joint are affected, the posture in that joint 
becomes flexed and lumbar lordosis increases. The 
patients usually have difficulties standing up from a 
sitting position. Due to weakness in the gluteus medius 
muscle, the hip on the side of the swinging leg drops 
with each step (referred to as Trendelenburg sign). The 
gait appears waddling. The patients frequently attempt 
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to counteract the dropping of the hip on the swinging 
side by bending the trunk towards the side which is in 
the stance phase (in the German language literature this 
is referred to as Duchenne sign). Similar gait patterns 
can be caused by orthopedic conditions when the origin 
and the insertion site of the gluteus medius muscle are 
closer to each other than normal, for instance due to a 
posttraumatic elevation of the trochanter or 
pseudarthrosis of the femoral neck. 

HP:0002527 Falls (definition not found) 

HP:0002540 Inability to walk Incapability to ambulate. 

HP:0003376 Steppage gait 

An abnormal gait pattern that arises from weakness of 
the pretibial and peroneal muscles due to a lower motor 
neuron lesion. Affected patients have footdrop and are 
unable to dorsiflex and evert the foot. The leg is lifted 
high on walking so that the toes clear the ground, and 
there may be a slapping noise when the foot strikes the 
ground again. 

HP:0034052 Impaired toe-walking ability 

Difficulty or reduced ability to walk on toes. Toe-walking 
can be tested as a part of the neurological examination. 
Foot plantar flexion weakness leads to difficulties in 
walking on toes. 

HP:6000490 Impaired heel-walking ability 

Difficulty or reduced ability to walk on heels. 
Heel-walking can be tested as a part of the neurological 
examination. Foot dorsal extension weakness leads to 
difficulties in walking on heels. 

HP:6000504 Poly-hill sign 

A typical physical examination in patients with muscular 
dystrophies and selective weakness and atrophy of the 
trapezius muscle and proximal deltoid muscle. The 
contour of the back shows unique hills and drops. 

HP:0002747 
Respiratory insufficiency due to muscle 
weakness (definition not found) 

HP:0012496 Reduced maximal inspiratory pressure 
A decrease in the maximum amount of negative 
pressure a person can generate during an inhalation. 

HP:0012497 Reduced maximal expiratory pressure 
A decrease in the maximum amount of pressure of 
expired air achieved by a person after a full inspiration. 

HP:0006587 Straight clavicles 
An abnormally straight configuration of the clavicle, a 
tubular bone which normally is doubly curved . 

HP:0009050 Quadriceps muscle atrophy Muscular atrophy involving the quadriceps muscle. 

HP:0008953 Pectoralis major hypoplasia Underdevelopment of the pectoralis major. 

HP:0000819 Diabetes mellitus 
A group of abnormalities characterized by 
hyperglycemia and glucose intolerance. 

HP:0100568 Neoplasm of the endocrine system 
A tumor (abnormal growth of tissue) of the endocrine 
system. 

HP:0003547 Shoulder girdle muscle weakness 

The shoulder, or pectoral, girdle is composed of the 
clavicles and the scapulae. Shoulder-girdle weakness 
refers to lack of strength of the muscles attaching to 
these bones, that is, lack of strength of the muscles 
around the shoulders. 

HP:0003749 Pelvic girdle muscle weakness Weakness of the muscles of the pelvic girdle (also 
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known as the hip girdle), that is, lack of strength of the 
muscles around the pelvis. 

HP:0010787 Genital neoplasm 
A tumor (abnormal growth of tissue) of the genital 
system. 

HP:0003738 Exercise-induced myalgia 
The occurrence of an unusually high amount of muscle 
pain following exercise. 

HP:0030177 
Abnormality of peripheral nervous system 
electrophysiology 

An abnormality of the function of the electrical signals 
with which peripheral nerve cells communicate with 
each other or with muscles. 

HP:0005268 Miscarriage 

A pregnancy that ends at a stage in which the fetus is 
incapable of surviving on its own, defined as the 
spontaneous loss of a fetus before the 22th week of 
pregnancy. 

HP:0000508 Ptosis 

The upper eyelid margin is positioned 3 mm or more 
lower than usual and covers the superior portion of the 
iris (objective); or, the upper lid margin obscures at least 
part of the pupil (subjective). 

HP:6000091 Postpartum exacerbation 
Applied to a sign or symptom that is present during 
pregnancy and becomes worse following birth. 

HP:0007149 Distal upper limb amyotrophy Muscular atrophy of distal arm muscles. 

HP:0000726 Dementia 

A loss of global cognitive ability of sufficient amount to 
interfere with normal social or occupational function. 
Dementia represents a loss of previously present 
cognitive abilities, generally in adults, and can affect 
memory, thinking, language, judgment, and behavior. 

HP:0000324 Facial asymmetry 
An abnormal difference between the left and right sides 
of the face. 

HP:0001270 Motor delay 
A type of Developmental delay characterized by a delay 
in acquiring motor skills. 

HP:0000717 Autism 

Autism is a neurodevelopmental disorder characterized 
by impaired social interaction and communication, and 
by restricted and repetitive behavior. Autism begins in 
childhood. It is marked by the presence of markedly 
abnormal or impaired development in social interaction 
and communication and a markedly restricted repertoire 
of activity and interest. Manifestations of the disorder 
vary greatly depending on the developmental level and 
chronological age of the individual (DSM-IV). 

HP:0003551 Difficulty climbing stairs Reduced ability to climb stairs. 

HP:0003307 Hyperlordosis 
Abnormally increased curvature (anterior concavity) of 
the lumbar or cervical spine. 

HP:0008069 Neoplasm of the skin A tumor (abnormal growth of tissue) of the skin. 

HP:0001635 Congestive heart failure 

The presence of an abnormality of cardiac function that 
is responsible for the failure of the heart to pump blood 
at a rate that is commensurate with the needs of the 
tissues or a state in which abnormally elevated filling 
pressures are required for the heart to do so. Heart 
failure is frequently related to a defect in myocardial 
contraction. 

HP:0003458 EMG: myopathic abnormalities The presence of abnormal electromyographic patterns 
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indicative of myopathy, such as small-short polyphasic 
motor unit potentials. 

HP:0004377 Hematological neoplasm 
Neoplasms located in the blood and blood-forming 
tissue (the bone marrow and lymphatic tissue). 

HP:0001638 Cardiomyopathy 

A myocardial disorder in which the heart muscle is 
structurally and functionally abnormal, in the absence of 
coronary artery disease, hypertension, valvular disease 
and congenital heart disease sufficient to cause the 
observed myocardial abnormality. 

HP:0020110 Bone fracture 
A partial or complete breakage of the continuity of a 
bone. 

HP:0001627 Abnormal heart morphology Any structural anomaly of the heart. 

HP:0006482 Abnormal dental morphology An abnormality of the morphology of the tooth. 

HP:0003445 EMG: neuropathic changes 

The presence of characteristic findings of denervation 
on electromyography (fibrillations, positive sharp waves, 
and giant motor unit potentials). 

HP:0001260 Dysarthria 

Dysarthric speech is a general description referring to a 
neurological speech disorder characterized by poor 
articulation. Depending on the involved neurological 
structures, dysarthria may be further classified as 
spastic, flaccid, ataxic, hyperkinetic and hypokinetic, or 
mixed. 

HP:4000114 Statin exposure 
History of having taken statins, also known as 
HMG-CoA reductase inhibitors. 

HP:0010786 Urinary tract neoplasm The presence of a neoplasm of the urinary system. 

HP:0100606 Neoplasm of the respiratory system 
A tumor (abnormal growth of tissue) of the respiratory 
system. 

HP:0000518 Cataract 
A cataract is an opacity or clouding that develops in the 
crystalline lens of the eye or in its capsule. 

HP:0000467 Neck muscle weakness Decreased strength of the neck musculature. 

HP:0009023 Abdominal wall muscle weakness Decreased strength of the abdominal musculature. 

HP:0012507 Weakness of orbicularis oculi muscle 
Reduced strength of the orbicularis oculi, the 
circumorbital muscle in the face that closes the eyelid. 

HP:3000010 Abnormality of orbicularis oris muscle An abnormality of an orbicularis oris muscle. 

HP:0009027 Foot dorsiflexor weakness 

Weakness of the muscles responsible for dorsiflexion of 
the foot, that is, of the movement of the toes towards the 
shin. The foot dorsiflexors include the tibialis anterior, 
the extensor hallucis longus, the extensor digitorum 
longus, and the peroneus tertius muscles. 

HP:0001761 Pes cavus 

An increase in height of the medial longitudinal arch of 
the foot that does not flatten on weight bearing (i.e., a 
distinctly hollow form of the sole of the foot when it is 
bearing weight). 

HP:0001250 Seizure 

A seizure is an intermittent abnormality of nervous 
system physiology characterized by a transient 
occurrence of signs and/or symptoms due to abnormal 
excessive or synchronous neuronal activity in the brain. 

HP:0011675 Arrhythmia 
Any cardiac rhythm other than the normal sinus rhythm. 
Such a rhythm may be either of sinus or ectopic origin 
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and either regular or irregular. An arrhythmia may be 
due to a disturbance in impulse formation or conduction 
or both. 

HP:0012532 Chronic pain 
Persistent pain, usually defined as pain that has lasted 
longer than 3 to 6 months. 

HP:0002486 Myotonia 

An involuntary and painless delay in the relaxation of 
skeletal muscle following contraction or electrical 
stimulation. 

HP:0003394 Muscle spasm 
Sudden and involuntary contractions of one or more 
muscles. 

HP:0003750 Increased muscle fatiguability An abnormal, increased fatiguability of the musculature. 

HP:0003306 Spinal rigidity 
Reduced ability to move the vertebral column with a 
resulting limitation of neck and trunk flexion. 

HP:0007715 Weak extraocular muscles (definition not found) 

HP:0011399 Tibialis anterior muscle atrophy Wasting of the tibialis anterior muscle. 

HP:6001010 Inability to protrude lips Lack of ability to purse or pucker the lips. 

HP:0200136 Oral-pharyngeal dysphagia (definition not found) 

HP:0001265 Hyporeflexia 
Reduction of neurologic reflexes such as the knee-jerk 
reaction. 

HP:0001284 Areflexia 
Absence of neurologic reflexes such as the knee-jerk 
reaction. 

HP:0001348 Brisk reflexes 

Tendon reflexes that are noticeably more active than 
usual (conventionally denoted 3+ on clinical 
examination). Brisk reflexes may or may not indicate a 
neurological lesion. They are distinguished from 
hyperreflexia by the fact that hyerreflexia is 
characterized by hyperactive repeating (clonic) reflexes, 
which are considered to be always abnormal. 

HP:0006801 Hyperactive deep tendon reflexes (definition not found) 

HP:0002505 Loss of ambulation 
Inability to walk in a person who previous had the ability 
to walk. 

HP:0005978 Type II diabetes mellitus 

A type of diabetes mellitus initially characterized by 
insulin resistance and hyperinsulinemia and 
subsequently by glucose interolerance and 
hyperglycemia. 

HP:0100651 Type I diabetes mellitus 

A chronic condition in which the pancreas produces little 
or no insulin. Type I diabetes mellitus is manifested by 
the sudden onset of severe hyperglycemia with rapid 
progression to diabetic ketoacidosis unless treated with 
insulin. 

HP:0002938 Lumbar hyperlordosis 
An abnormal accentuation of the inward curvature of the 
spine in the lumbar region. 

HP:0030664 Beevor's sign 

Weakness of the inferior portion of the rectus abdominal 
muscle, which is ascertained clinically as follows. When 
a patient sits up or raises the head from a recumbent 
position, the umbilicus is displaced toward the head. 
This is the result of paralysis of the inferior portion of the 
rectus abdominal muscle, so that the upper fibers 
predominate pulling upwards the umbilicus. 
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