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Introduction

The total amount of digitally stored data now exceeds 44
zetabytes.1 These data are comprised of both data collected
for scientific inquiry and those created as an artifact of
another nonresearch purpose. For most research databases,
the goal in their creation is to gather information regarding a
scientific query, investigation, or task immediately at
hand.2,3 Data collected for other purposes, such as clinical
work on the other hand, are used as artifacts of their original
purpose. Regardless of whether data are collected for a
specific purpose or exist as artifacts, the database is highly

dependent on how well the dataset designers predicted its
future uses, making it more “future proof,” by selection of
optimal metadata. Unfortunately, many selected database
variables tend to be chosen to support immediate project
needs and usually are chosen without an eye to future
applications.

Image databases are growing in number and size, with
differing associatedmodalities and variables. Multiple image
databases are available in the health field, such as MedPix
and the Cancer Imaging Archive. The cases available are
organ specific, and the data are related to disease.4,5 Because
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Abstract Background A minimum dataset (MDS) can be determined ad hoc by an investigator
or small team; by ametadata expert; or by using a consensusmethod to take advantage
of the global knowledge and expertise of a large group of experts. The first method is
the most commonly applied.
Objective Here, we describe a use of the third approach using a modified Delphi
method to determine the optimal MDS for a dataset of full body computed tomography
scans. The scans are of decedents whose deaths were investigated at the New Mexico
Office of the Medical Investigator and constitute the New Mexico Decedent Image
Database (NMDID).
Methods The authors initiated the consensus process by suggesting 50 original
variables to elicit expert reactions. Experts were recruited from a variety of scientific
disciplines and from around the world. Three rounds of variable selection showed high
rates of consensus.
Results In total, 59 variables were selected, only 52% of which the original resource
authors selected. Using a snowball method, a second set of experts was recruited to
validate the variables chosen in the design phase. During the validation phase, no
variables were selected for deletion.
Conclusion NMDID is likely to remain more “future proof” than if a single metadata
expert or only the original team of investigators designed the metadata.
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the technology to search images per se is not yet widely
available or standardized, a second associated database is
needed to contain metadata associated with each image.6

Users search on the images’ meta-database (or, in this case,
the data about the image data) to find images of interest.7

The overall selection of metadata variables influences the
breadth and variety of research that can be conducted. The
quality of the set of metadata are inextricably linked to the
quality and ease of the process of gathering, selecting, and
transforming the data to answer an analytical question and
therefore determine the value of the data in the future.
However, it is difficult to predict all potential future uses
of a database and so also difficult to predict the best
metadata fields to select at the outset.

How can database designers determinemetadata in away
that optimizes the value of the database for future users? In a
world with unlimited time and funding, unlimited possible
metadata fields would be desired. However, resource con-
straints limit the sophistication of the metadata design to a
relatively small set of variables deemed most important at
the time of initial design. Selecting too few or inappropriate
variables can significantly reduce the value of the data over
time by limiting the potential for reuse of the data. In
contrast, defining too many fields requires increased use of
valuable resources and reaches a point of diminishing
returns. The challenge in database design is to define a
reasonably sized meta-dataset that will produce high value
now and in the future. The process of designing highly useful
minimal datasets is critical tomaximize the value of research
data over time. As a result, how and by whom the metadata
are selected affects the usefulness of the database, both now
and in the future.

Metadata
Metadata are the structured information that characterizes
each case in the primary database and supports additional
functions or actions about an object, topic, or person.7 Good
quality metadata allows the user to efficiently retrieve
information in a timely manner, whereas poor quality meta-
data may miss pertinent cases in a database.8 The use of
appropriate and high quality metadata facilitates informa-
tion retrieval, searching, maintenance, understanding, inter-
operability, and reuse.9,10

In this current technology heavy world with expanding
data, there are frequent opportunities for data collection and
“data wrangling.” For example, images for medical purposes
are occurring every day in hospitals, doctor’s offices, imaging
facilities, and coroner/medical examiner offices. In 2019, an
estimated 91million computed tomography (CT) scans were
performed in the United States alone.11 At present, the
majority of these images are stored in picture archiving
and communication system,12 encoded with Digital Imaging
and Communications in Medicine standards,13 and the Ab-
breviated Injury Scale,14 but without easily linked health-
related metadata.15,16 Without association of such primary
information with the other metadata, the ability to facilitate
research or reuse data are limited. As the number of images
created and stored continues to grow, few facilities are

incorporating plans for image reuse by investigators and
educators.

Metadata Selection
The effectiveness of retrieving data is dependent upon the
number ofmetadata fields and the content containedwithin.
It is a balance of discovery and cost, where additional
information is available with more metadata fields, but costs
more resources.10 New metadata fields can be added as
necessary, making the database more adaptable (add, delete,
and change variables). However, it requires significant
resources to back fill the data variables added.10

Minimum Dataset Creation
Individual metadata elements can be combined to form a set
of data for an image or object, called a minimum dataset
(MDS).17 A MDS allows for interoperability of data between
investigators in the healthcare system and research
domains.18–23 Major domains using an MDS to standardize
retrieval of vital information include nursing,23,24 genetics,25

nursing homes,26 spine trauma,20 Infertility registry,21 auto-
immune disorders,22 brain injury,19 and studies of rare and
orphaned diseases.27,28

Multiple approaches can be undertaken to select meta-
data, including through the resource author (those conduct-
ing the research or collecting the data—usually the most
common approach), a metadata specialist, or a collaborative
procedure.8,19–25,27,28 Evidence has shown that many re-
source authors lack the skills and training to index or apply
terminology standards and theories. Therefore, they often
create metadata that is insufficient for conducting their
research or any research beyond their immediate needs.
Inadequate metadata weakens the ability to discover rele-
vant records and can produce underpowered results. Using a
metadata specialist can have the same problems, as they lack
knowledge about the specific science being undertaken.29

Greenberg and Robertson29 suggest that the best quality
metadata are obtained through a collaborative process. The
exact method for collaboration can vary depending on the
resources available for the creation of the MDS. The methods
can include the Delphi method, in which there is no direct
interaction, and the Nominal Group Technique, in which a
round-robin discussion occurs.30

Assessment of a Minimum Dataset
To ensure its potential use beyond the immediate research
purpose, the quality of the MDS should be evaluated. A
variety of assessments have been used in the past to evaluate
MDS; therefore, the evaluation of a MDS is not a consistent
practice. However, the most common procedure is a
survey.31

Objectives

The Office of the Medical Investigator (OMI) is the central-
ized medical examiner’s office for the State of New Mexico.
Medical examiner cases are thought to primarily be from
homicide or suicide deaths. However, the vast majority of
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cases in 2010 and in 2017 were from natural or accidental
causes (►Table 1).32 In addition, the autopsied OMI sample
consist of the ethnic and racial composition of the state. In
the 2010 census, 49% reported as Hispanic and 11% as Native
American.33 For the OMI sample, 30% were Hispanic in 2010
and 29% in 2017. Native Americans accounted for 9% of
deaths routed to the OMI in 2010 and 2017.32,34

The Center for Forensic Imaging at the OMI was
awarded in 2010 a grant from the National Institute of
Justice to evaluate the efficacy of postmortem computed
tomography (CT) scans to supplement or supplant a
traditional autopsy (2010-DN-BX-K205). As a result,
roughly 85% of decedents who underwent an autopsy at
the OMI received a high resolution, head-to-toe CT scan.
This produced thousands of whole-body 3D CT images
between 2010 and 2017—a treasure trove for a variety of
research domains—but with no organized and associated
metadata to allow investigators to efficiently identify
images of interest. As with the vast amount of data in
healthcare, curation of the OMI dataset for both education
and research is greatly needed.18

The OMI collected data for nonresearch purposes, that is,
investigation, similar to the biomedical field, and healthcare
data. These data would be lacking completeness and breadth
needed for the effective use of the images. For this reason, we
determined to collect additional data in interviewswith next
of kin.

The incorporation of a comprehensive annotation schema
into a database occurredwith the creation of theNewMexico
Decedent ImageDatabase (NMDID). NMDID facilitates future
research using the CT images and associated health and
lifestyle information by making them efficiently findable.
NMDID is a unique resource due to its size, 3D images, and
diverse population.

To design an optimal MDS, we used a collaborative
procedure to choose the metadata for NMDID. We had two
objectives:

• To determine the MDS to associate with CT scans in a
database of 3D, whole-body, decedent images developed
at the OMI. The MDS should enable investigators, from
multiple domains, to efficiently and effectively search for
images from the database that meet the inclusion and

exclusion criteria of their studies with optimal sensitivity
and specificity.

• To assess the relevance of the selectedmetadata. TheMDS
should be validated by a second separate group of experts
to verify its usefulness in conducting research.

Methods

Design
We selected a consensusmethod to create theMDS to reduce
biases from wither a single database creator or metadata
specialist.29 Furthermore, we used an electronic version to
avoid the costs of an in personmeeting. Electronic consensus
was also asynchronous, so that each participant could do the
work at their convenience. We chose the Delphi method
because it facilitated electronic data collection35; however,
other consensus methods would have also been appropriate.
The Delphi method involves asking experts from relevant
domains to obtain convergence of opinion.36 The method
allows for anonymous participation of experts through an
iterative process. Due to the varying nature of each consensus
panel, the level of consensus should be determined after each
round to determine when additional rounds are no longer
needed.

Once an MDS is determined through an iterative process,
it needs to be validated or assessed by additional experts not
involved with its creation, to ensure objectivity.31,37 Ques-
tionnaires are regularly used to validate anMDS. The process
outlined here did not specify how the selected fields will be
collected or coded with appropriate standards. Encoding of
the metadata took place after the MDS was defined.38 The
methods used in design and validation phases are illustrated
in ►Fig. 1.

Expert Determination
For the design phase, we formulated a list of domains
amenable to using whole-body, 3D, cadaveric CT scans, and
the associated data for future research. Within each of the
domains, peer-reviewed literature was searched to find
experts. In addition, each of the authors suggested experts
within their respective disciplines as well as individuals to
contact for their recommendations.

For the validation phase, the design phase participants
were asked to recommend two to three experts39whom they
believed might use the full-body, 3D, cadaveric CT scans, and
associated database with health, lifestyle, demographic and
cause of death data. The design phase participants were
asked for name, institution, and email address (if known)
for each validation expert they recommended. This question
was included in the third round of the Delphi survey.

All participants in the surveys had terminal degrees in
their fields (MD, PhD, RN). Additional data on the partic-
ipants were not captured; however, most were based in the
United States with a smaller percentage being international.

Questionnaire Creation
A preliminary questionnaire was built in REDCap,40 a web-
based, open-source data capture program that has security

Table 1 Manner of death at the old myocardial infarction in
2010 and 2017, and the new Mexico decedent image database
(mid-2010 to mid-2017)32,34

Manner of Death 2010 2017 NMDID

Natural 24.7% 27.4% 34.6%

Accidental 35.4% 40.8% 38.6%

Suicides 16.8% 12.9% 15.4%

Homicides 9.5% 12% 7.4%

Undetermined
or pending

13.5% 5.1% 4%a

Abbreviation: NMDID, New Mexico Decedent Image Database.
aUndetermined only.
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and privacy controls. The initial questionnaire consisted of
variables that had been suggested by the resource authors (S.
D.B., H.J.H.E., P.J.K.) as important fields to include in theMDS.
As such, these initial variables could be proxies for a resource
author’s database fields. The first questionnaire provided a
basic set of variables within five categories: (1) personal
characteristics, (2) lifestyle, (3) health, (4) occupation, and
(5) other variables. For all rounds of the designphase, experts
voted on original fields and the additional fields they sug-
gested. When original terms were selected as not important
for the database, they were eliminated.

The follow-up questionnaires in the design phase allowed
participants to revise the groups and their own ideas. This
process continued until we believed saturation had been
reached. The last questionnaire within the design phase also
asked participants to rate the suggested database fields in
terms of importance of inclusion in theMDS (e.g., from0¼not
important at all to 10¼ absolutely essential to include).

The REDCap validation questionnaire asked participants
to evaluate the databasefields and rate them. In addition, the
experts were asked to provide any essential fields that the
design phase participants did not identify.

For both the design and validation phases, a one-page
recruitment letter wasmailed to potential experts, as well as
sent electronically to their institution email; that letter also
included a one-page consent form. Because this project
collected only nonsensitive data, we requested and received
a waiver for a signed documentation of informed consent.

Results

Design Phase
A total of 72 experts were sent a letter and email asking for
participation in the design phase. The 17 domains surveyed
are listed in►Table 2. In total, 42 participants (58% response
rate) completed the questionnaire. Thirty-two experts self-

identified their research domain; the summary is listed
in ►Table 3. The emails and letters were sent at the end of
September to coincide with the beginning of the fall school
schedule. The questionnaire remained open until the end of
November (10 weeks total).

The first questionnaire contained 50 original database
variables (see ►Appendix A for list) for experts to evaluate
and discuss. If a variablewas suggested for elimination by the
expert, they were asked to provide a reason. At the end of
each section experts were asked what additional database
variables they advised to have included. This included an
“other” category where variables that were outside the five
categories could be suggested. Consensuswas defined as 60%
agreement. In round 1, only four variables were eliminated
from the list: last name, first name, marital status, and
current residence address.

One investigator (S.D.B.) summarized the results and
combined similar suggestions. The second questionnaire
contained 120 database variables (including 46 of the origi-
nal variables) for experts to evaluate. Thirty-three partici-
pants (46% response rate) responded to round 2 of the design
phase. Round 2 was completed in 2 weeks. Agreement on
inclusion of the database variables was extremely high
despite the variation in the experts’ research domains. As a
result, consensus for round 2 was defined as 93%. This value
was selected due to a large number of tied variables for
importance below 93% (with 50 variables at 92 to 80%
consensus). This cut-off point resulted in a manageable
number of variables since the data would be coming from
calling next of kin and extraction from the medical exam-
iner’s database.41After elimination of database variables that
had less than 93% consensus, one additional variable was
added back in (normal height) since related variable (cadav-
eric height) was part of the MDS. A total of 59 database
variables remained after round 2 of the Delphi method
determination of the MDS (►Table 4 for the MDS).

Fig. 1 Methods for designing (Delphi) and validating (snowball expert sampling) a minimum dataset.
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Round three (31% participation) helped to determine the
importance of the variables on a sliding scale from 0 (not
important at all) to 10 (essential). This round allowed
reduction in the number of variables to be collected if
funding was not adequate to capture all 59 variables.

Validation
A true validation would require years of data usage on the
database. As this was not possible when determining the
metadata, an assessment of the fields was used. This assess-
ment helped to determinehow useful theMDS is to research-
ers outside of the design group.

A total of 34 experts were suggested by 15 design phase
participants. Fifty-three percent of participants responded
(►Table 5 for their self-identified primary field of interest),
suggesting variables for elimination and rating the database
fields in order of importance in the MDS.

No variables were selected for deletion from the MDS
during the validation phase. The level of consensus was
lower during this portion; however, the majority of var-
iables had greater than 70% consensus (31/59 variables).
This demonstrates that the variables selected by the
design phase participants were thorough in the selection

process and included roughly 60% of the variables the
validation phase participants would need for their
research.

The validation phase also allowed for additional variables
not included in the design phase to be elucidated. Fourteen
variables were suggested for addition by the validation phase
participants,with only threevariables not includedor inferred
from the original MDS: maxillofacial skeletal relationship
category, dental occlusion category, and organ weights. Since
most of the variables the researchers wanted were actually
included in the database or could be inferred, the 60% estimate
of variable usefulness is an understatement. ►Table 6 for the
complete list of variables suggested.

Discussion

The future value of a research database is based on the
quality of metadata and an optimal design of the MDS. This
is especially true in the realm of image databases. Because
the technology to search on the images themselves is in its
infancy and not yet ubiquitous,42 the discovery of specific
images of interest relies heavily on the quality of the
metadata design. Without sufficient metadata, images
will be significantly less discoverable and the sensitivity
and specificity of a search or query will decrease markedly.

Table 2 Research domains sent surveys

Research domains

Informatics 16

Epidemiology 7

Anthropology 4

Forensic anthropology 4

Forensics 4

Dentistry 3

Growth and development 3

Medicine 3

Biomechanics 2

Demography 2

Health disparities 2

Health information exchanges 2

Imaging research 2

Odontology 2

Orthopedics 2

Pathology 2

Population variation 2

Public health 2

Radiology 2

Secular change 2

Chronic pain 1

Dental anthropology 1

Health economist 1

Missing person databases 1

Table 3 Research domains of participants in the design phase

Experts’ self-identified research domains Count

Forensic anthropology 7

Anthropology 4

Biomedical informatics 3

Clinical informatics 2

Forensic radiology 2

Biological anthropology 1

Cognitive neuroscience 1

Data management 1

Demography, anthropology 1

Dental medicine, forensic
dentistry, paleodontology

1

Emergency medicine 1

Forensic odontology 1

Forensic pathology 1

Health economics and
health services research

1

Health services research 1

Health services/epidemiology 1

Pediatric orthopedic surgery 1

Skeletal pathology 1

Unanswered 10

Total 42
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Therefore, appropriate metadata are vital, yet conceptually
complicated, requiring a thoughtful balance between dis-
coverability of relevant images and the resources neces-
sary to design and construct a sufficient MDS. Using a
consensus method with experts from varying domains is a
valuable approach to improve the quality and complete-
ness of the chosen variables and lessen bias.29 Although
varying domains were sought, in some fields experts were
not be determined such as public safety. Additionally, the
majority of respondents in both the design and validation
phases could be classified as anthropologists. This could
add bias to how “future proof” the database will become.
However, the diversity of research within anthropology is
great and those surveyed performed very different re-
search. In addition, many domains not surveyed have
used the database to date, such as public safety, art, and
virtual education.

Although this method is robust in its ability to identify
potentially “future proof”metadata, it is not infallible. Not all
variables are discoverable, even after three rounds with
experts suggesting and editing metadata fields, and a valida-
tion round in which additional participants recommended
further variables. Researchers eliminated marital status as a
variable in the first round, and it was not suggested for
inclusion by the validation phase participants. This is sur-
prising given that it is commonly included in health datasets
as good indicator of health.43–45

After a consensus of 93% was imposed on round 2, 59
variables remained. For round 3, the experts were asked if a
variable should be kept in the database and how important it
might be to future research using the database. This provided
us with the ability to create a sliding cut-off point depending
on how many final fields we could include in the database.

Some of the variables chosen as important and those
eliminated were surprising. The final list of database fields
(n¼59) contained only 26 original variables (52%) of the 50Ta
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Table 5 Self-identified research domains of participants in the
validation phase

Experts’ self-identified research domains Count

Forensic anthropology 4

Anthropology 3

Biological anthropology 1

Dentistry 1

Forensic odontology 1

Forensic pathology 1

Interprofessional collaboration 1

Medical devices 1

Medical imaging 1

Modern human skeletal variation 1

Physical anthropology 1

Skeletal biology 1

Total 17
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selected by authors (S.D.B., H.J.H.E., P.J.K.). ►Table 7 summa-
rizes the variable counts. The vast majority of final variables
were suggested by the experts and validated by a separate
group. The resulting fields spanned personal characteristics,
circumstances of death, health, and lifestyle as well as CT
settings. This process supports the value of a consensus
method incorporating opinions beyond those of the current
project designers.

The validation phase also demonstrated that more than
60% of the variables were of interest to the participants for
their specific research questions. In addition, of those
variables suggested for inclusion in theMDSby the validation
group, only three could not be deemed equivalent to existing
variables. This suggests that the method of development for

this MDS was successful in its attempt to be more future
proof and accommodate research from multiple domains.

NMDID became available to the research public in
February 2020; as of November 3, 2020, there were 327
users representing 34 countries. The data and images have
been used for research on multiple projects including
biomechanics, COVID-19, traumatic injury analysis, dental
development, art, sarcoidosis, Hispanic diversity, obesity
research, and virtual education.41 While we expected that
education might constitute a relatively minor component
of uses for NMDID, the requirements imposed by the
COVID-19 pandemic significantly increased these applica-
tions, providing a case-study for the unexpected value of
future proofing.

Table 6 Variables suggested in validation phase

Variables suggested for in-
clusion

MDS variable can be in-
ferred from

MDS variable can be an
additional response

Number of participants
suggesting change

Absence/presence of re-
movable dental implants

Implanted devices 1

Occupation of parents Childhood socioeconomic
status

1

Income of parents Childhood socioeconomic
status

1

Income of decedent Adult socioeconomic status 1

Exercise habits Habitual activity 1

How consistent was
exercise

Habitual activity 1

Was the individual an
athlete

Habitual activity 1

Presence of amputations Major surgeries 1

Presence of surgical
implants

Implanted devices 1

Trauma present at death History of broken bones,
primary cause of death, and
contributing cause of death

2

Age Date of death and date of
birth

1

Maxillofacial skeletal
category

1

Dental occlusion category 1

Organ weights 1

Abbreviation: MDS, minimum dataset.

Table 7 Number of database variables by round in design phase

Round Respondents
(response rate)

Number of variables
evaluated

Number of
original variables

Consensus
cut-off point

1 42 (68%) 50 50 60%

2 33 (46%) 120 47 93%

3 22 (31%) 59 26 NA

Abbreviation: NA, not applicable.
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Conclusion

Using virtual Delphi and snowball methodologies to obtain
consensus can be an extremely beneficial tool for MDS
design. These twomethods require a large number of experts
to consider appropriate variables but can be conducted at a
relatively low cost. Furthermore, by requiring consensus
among disparate researchers, bias that may be inherent in
one individual’s metadata creation can be balanced by the
opinions of others. Other consensus methods may also be
beneficial but would also require the diverse domains que-
ried and a validation phase.

It is difficult to ensure that any database will be “future
proof.” However, the database will likely remain more rele-
vant in the future if more than a single metadata expert or
original team of investigators designed the metadata. In this
case, if only database creators (S.D.B., H.J.H.E., P.J.K.) had been
consulted for MDS creation for NMDID, over 56% of final
variables would not have been captured. This research
suggests not only is expert group opinion the path to follow
for MDS development, but diverse representation is vital for
making a MDS more “future proof.”

The variables such as operationalized, vocabulary stand-
ards applied, and seven additional fields of interest to the
authors (includingmarital status) were added before NMDID
was built. The operationalization phase required joining
some variables together such as current and former smoking
status, and breaking others apart such as sex and gender. In
the final MDS, there are 69 variables.46 The database is
currently freely available at NMDID.UNM.EDU.

Clinical Relevance Statement

This article demonstrates a method to ensure a database is
more “future proof” when created from the artifact of care.

Multiple Choice Questions

1. The best method for creating themetadata of a database is
to query:
a. The resource author
b. A metadata specialist
c. The consensus of experts

Correct Answer: The answer is option c. A resource
author is biased to their own research and a metadata
specialist does not know the research topic as well. So, the
best technique for lessening biases is to use a consensus of
experts.29

2. A “future-proof” database allows for:
a. Only the original research question to be answered
b. Research beyond the original purpose
c. Previous research to be reanalyzed

Correct Answer: The correct answer is option a. A future-
proof database allows for the original research question as

well as research beyond the original purpose. It ensures
that future questions can be answered.
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