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Abstract. Metadata is essential for handling medical data according to FAIR
principles. Standards are well-established for many types of electrophysiological
methods but are still lacking for microneurographic recordings of peripheral sensory
nerve fibers in humans. Developing a new concept to enhance laboratory workflows
is a complex process. We propose a standard for structuring and storing
microneurography metadata based on odML and odML-tables. Further, we present
an extension to the odML-tables GUI that enables user-friendly search functionality
of the database. With our open-source repository, we encourage other
microneurography labs to incorporate odML-based metadata into their experimental
routines.
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1. Introduction
1.1. Background

One of the greatest obstacles to scientific collaboration is the difficulty in sharing and
understanding data between research groups. The efficient collection, storage, and
analysis of experimental data require an organized data infrastructure. Furthermore,
consistent metadata for complex electrophysiological experiments is essential for
enabling FAIR principles [1].

One of the challenges is to strike a balance between making data FAIR and
protecting confidentiality. In a recent study, Martorana et al. [2] examined how
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researchers have approached this challenge. The authors emphasized the critical role of
metadata in restricted data flows.

Here, we present a solution for managing metadata based on odML and odML-tables
for microneurography (see [3,4] for more details), a unique electrophysiological method
for observing the activity of single peripheral nerve fibers in awake healthy humans and
patients with neuropathy, chronic pain or itch [5,6]. In the field of microneurography,
each direct neural recording is very valuable, particularly from patients with diseases
caused by rare genetic variants. To maximize understanding of pathological changes,
large data sets are required, which need to also include healthy comparators. Practically,
such data can only be created with multi-center studies; therefore, solutions to facilitate
data sharing and analysis are crucial. There exists a variety of approaches and structures
for capturing experimental metadata, ranging from handwritten lab books to complex file
and metadata schemas.

In microneurography, the lack of standardized metadata causes significant
challenges not just for sharing of data, but also for effective searching and retrieving of
relevant experimental data within research groups. Thus, there is a need for innovative
approaches to handle both data and metadata in microneurography labs.

1.2. Objective and Requirements

The objective of this work is to determine the metadata requirements in
microneurography and implement them in a way that allows efficient management of
data and metadata.

We assembled the necessary requirements through an iterative discussion with experts
who conduct microneurography experiments.

Individual experiments need to be structured and the separation of metadata and raw
electrophysiology data files is essential, as metadata may contain personal information.
The separation of raw data and metadata gives more control and restrictions, facilitating
data sharing between research sites.

The integration of a metadata standard into the daily routine should be as
comfortable as possible to ensure acceptance by the laboratory research team. The
possibility of using standard office software (e.g., Microsoft Office) for documenting
metadata is preferential.

In microneurography, the experimental protocols are often dynamically adjusted to
the volunteer’s individual characteristics, such as pain threshold, signal-to-noise or types
of nerve fibers in a recording, etc. Thus, each individual experimental setup needs a
separate template to structure the metadata. Due to the specifics of some acquisition
systems (e.g., Dapsys, www.dapsys.net) and resulting time limits per recording, a single
experimental session may be further broken down into several sub-sessions recorded as
individual files. The metadata files should maintain flexibility so that each lab can add
missing properties, however, it is important that the most relevant information is included
in the proposed templates, that only minor changes are required and that sharing between
labs is still possible.

Lastly, the files should be integrated into a complete database that is searchable,
allowing for specific files to be retrieved based on parameters such as stimulation
protocol, fiber types, patients' diagnosis or other variables.



A. Troglio et al. / odML-Tables as a Metadata Standard in Microneurography 5
2. State of the art
2.1. Related Work

The task of organizing and describing scientific experiments is a significant challenge.
The Investigation-Study-Assay (ISA) Abstract Model [7] is a metadata framework
addressing this task. The goal is to simplify the exchange and management of research
data across domains using metadata of the three (investigation, study, and assay)
components.

The development of a data-handling infrastructure in the field of electrophysiology
has also been approached through various methods in recent years. Moucek et al. [8]
worked on a complete infrastructure for research in electrophysiology with several
software and hardware components. They collect data and metadata in a web-based
portal that makes retrieving and analyzing electrophysiological data more suitable and
efficient.

Riibel et al. [9] presented the Neurodata Without Borders (NWB) data language
which provides a standardized structure for combining data and metadata to facilitate
sharing and storage of experiments. Software is provided that facilitates the research on
neurophysiological data.

Generic metadata standards, such as DataCite [10] and Dublin Core [11] offer
domain-independent solutions for describing data, thereby ensuring that data is
accessible and reusable. Dublin Core is a metadata standard for digital resources in
general. DataCite is more specific for research data by including, for example, funding
information and access rights and it provides a persistent identifier for data sets, which
makes citation possible.

Zehl et al. [12] addressed strategies for the management of metadata in the specific
setting of neurophysiological laboratories. It is emphasized that electrophysiological
experiments involve multiple hardware and software components, and varying lab
cultures and practices, which makes this field and reproducibility so complex. As a
solution, the authors propose the work of Grewe et al. [13], who designed odML (open
metadata Markup Language) for metadata in neurophysiology. odML is both human-
and machine-readable and builds a hierarchical structure to define entries as key-value
pairs, but the use of the language requires programming skills. This requirement often
cannot be met in small research groups in medical research communities, which is why
Sprenger et al. [14] introduced odML-tables. This solution simplifies the usage of odML
by providing a graphical user interface (GUI) and a script that converts the odML tree
structure into a flat table format, e.g., csv or xIs.

2.2. Shortcomings

Currently, there exist methodologies for handling metadata in electrophysiology but to
date there is no generally standardized approach in microneurography. We require
machine-readable structures that are specifically adjusted to the experimental flow of
microneurography. To proceed, we need to select a solution and adapt it to our data,
followed by a test to assess its compatibility with the laboratory routines.
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3. Concept

Based on the requirements and available solutions for electrophysiology, we decided to
proceed with odML and odML-tables. This option enables the collection of metadata for
an individual experiment in an Excel table and this can be easily fitted into the lab flow.
Further, individual files can be aggregated into a database and stored separately from the
electrophysiological data. We have created two table-based templates that can be
converted to the odML format using the odML-tables GUI. Thus, we have a simple,
flexible, and lightweight solution. The use of metadata templates for data collection is a
well-established concept that allows a flexible structure for different laboratories and
manual changes to the metadata. Using odML-tables facilitates odML for researchers
without programming skills but is still machine-readable. Additionally, odML-tables
provides several functionalities, for example, merging multiple files or filtering the
metadata collection. Finally, odML is an open-source project with an active community,
which supports the ongoing development.

4. Implementation
4.1. Solution / Results

Metadata templates The first draft of two templates, one for general experimental
metadata and the other one for individual data recordings were defined at the
microneurography lab in Aachen and iteratively discussed with the lab in Bristol.
Eventually, the final version was agreed upon. To evaluate the solution, the stakeholders
in Aachen and Bristol installed the software, created the database, and conducted a search.
Their feedback is collected to refine and improve the solution.

The experimental template covers general information about the experiment,
recording equipment, and the subject. General information may include the laboratory,
the experimenter, or the recording date. For the recording equipment, the hardware
information, such as electrode types and acquisition system. The section about the
experimental subject describes medically important data such as age, sex, and any
medications.

To describe the actual content of the recording file, the recording template was
created. The recording template is divided into 7 subcategories: General, Fibers,
ElectricalStimulus, MarkingMethod, MechanicalStimulus, HeatStimulus, and Chemicals.
The Fibers category describes, for example, how many neural fibers have been observed
during the experiment in this recording and what type of fiber they are (e.g., mechano-
sensitive C-fiber). There is also a marker that indicates the occurrence of spontaneous
activity which is linked to neuropathic pain [15]. Additionally, the stimulation protocol
(electrical, mechanical, thermal, or chemical) is included. The marking method (see [16]
for more details) is used to track the action potentials of active fibers to electrical
background pulses and identify their responses to different types of stimulation semi-
quantitatively. It is possible to state if the marking method was used (yes/no) and the
frequency of the background pulses, which is important information since the frequency
of this stimulation changes the excitability of the nerve fibers. Figure 1 shows the
hierarchical structure of the metadata.
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Figure 1. Hierarchical structure of experiment template (blue) and recording template (orange) in the complete
metadata collection. The sections in the red diamonds may contain quasi-identifiers, such as the date of the
experiment.

4.2. System in Use

Data exchange pipeline Our odML-based metadata standard and our software [17] for
handling raw data, which is developed in parallel, are effectively integrated into the data
workflow (see Figure 2). This approach enables us to separate the storage of data and
metadata into distinct databases and restricts access to confidential patient information.
Using the odML-tables GUI simplifies converting experimental metadata from a
standard table-based representation to the more complex odML format for collection
purposes, resulting in a more convenient experience. Maintaining distinct metadata
databases with and without quasi-identifiers ensures a FAIR data infrastructure to the
extent that data as well as metadata can be shared with other microneurography
laboratories.

Integration into the daily lab routine In order to incorporate odML into the lab
routine, guidelines for use and installation were created to support the installation of
Python and all required packages. The code, the templates and the guidelines can be
found in our GitHub repository’. Experiment templates and recording templates were
completed for all recent microneurography sessions in the Aachen lab, followed by the
conversion of the filled-out templates from the table to the odML format using the
provided odML-tables functionality. All odML files were then merged and aggregated
into a single odML file that serves as a complete database for metadata. The odML-tables
GUI provides five functionalities, namely converting between table and odML format,

3 https://github.com/Digital-C-Fiber/odMLtablesForMNG
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creating a new table, comparing entries within a single odML file, merging contents of
odML files, and filtering contents of odML files to clean up a database.

Search functionality Historically, there has been a lack of a search function adapted
to meet the specific needs of microneurography.

We implemented search functionalities to the GUI to perform simple and
straightforward searches for property-value pairs in the graphical user interface (see
Figure 3 for illustration). We developed a search dialog (wizard) that supports two search
options: free text search and pairs of property-value combinations. First, the complete
metadata collection is loaded into the tool. Then, the user can choose one of the two
options.

Data creation =
[
Data exchange _‘ﬁ_"

Ea =3 A

Remove ﬁ?
quasi-identifiers

NIX file odML file
Authorized
Remove . om members
% B quasi-identifiers @Q i

Collaborators
Figure 2. Overview of the data sharing process. Initially, microneurography experiments generate raw data
and metadata, followed by the removal of quasi-identifiers (e.g., date of recording). The pseudoanonymized
raw data is then stored as a NIX file. Researchers complete the designed metadata templates and convert them
to odML format. To maintain data confidentiality, we have two odML files, one that can be shared with other
microneurography labs after all quasi-identifiers were removed and one for internal use only. To support data
retrieval, the odML-tables GUI incorporates a novel search function.

&)
((ﬂ

The properties are read directly from the template. Our implementation allows up to
three combinations, e.g., the user can find all recordings containing only a single
mechano-insensitive C-fiber by using the combination “FibreCount”: “1” and
“FibreTypes”: “CMi”. The search integration into the GUI makes the search very user-
friendly for an interdisciplinary team with different levels of programming skills.

Current state A collection of 36 odML files has been generated within the Aachen
laboratory for all recent experiments and merged into a single odML database file.
Currently, the testing phase has started in the Bristol lab.
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Figure 3. Exemplary search. This is an example of a search conducted using the search wizard, our extension
of the existing odML-tables GUI. We are searching for recordings that contain a single “CMi” C-fiber.

5. Lessons learned

OdML-tables provides an optimal bottom-up solution for microneurography metadata
handling. One of the main reasons is that it allows for easy separation between the
anonymous (after controlled conversion from a proprietary format to e.g., NIX) raw data
and potentially sensitive experimental information.

Another point is the possibility of using simple, human-readable, and
microneurography-specific Excel tables which can be converted to odML and integrated
into the hierarchical database with a user-friendly GUI. Other solutions, such as the web-
based portal developed by Moucek et. al. [8] and NWB [9] provide much wider options
and functionalities, but they come with the cost of more complex adaptation processes
and lower expected user acceptance in microneurography labs. The same applies to
international metadata standards, e.g., DataCite.

Through the international collaboration of several stakeholders, we ensure that the
templates contain the most relevant information. However, any missing properties can
be effortlessly incorporated into the templates at a later stage, which provides flexibility.
The current version of the odML-tables GUI and the searchable database already support
our work on computational modeling of C-fibers (e.g., [18]), by efficiently finding
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experiments based on domain-specific criteria. It is also being integrated into the next
version of the software platform for microneurography analysis “openMNGlab” [17].

In summary, the implementation fulfilled the specification and has been successfully
incorporated in the lab. Although the individual components of the solution were
available for electrophysiology, adjustments to a specific type of experiment and specific
lab required novel solutions and allocated resources and should be treated as an important
part of the standard research process.

6. Conclusion

We have developed an odML-based candidate for a microneurography metadata standard
through the iterative collaborative work of two laboratories. The metadata templates have
been incorporated into the routine lab work in Aachen and integrated into an odML
database. In response to user feedback, the existing odML-tables GUI was enhanced with
new search functionality. Our ultimate goal is to have FAIR-compliant
microneurography data.

In the next step, we will confirm the generalization of the odML-tables solution with
microneurography data collected at the University of Bristol. We will iteratively improve
the format and GUI through discussions with other microneurography labs. The adoption
of a common standard, which additionally allows full control of the potentially sensitive
information, will enable the creation of valuable databases of retrospective and
prospective records in which patients with different neurological conditions are well
represented.
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