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Biomedical images and ontologies are 
closely related conceptually, yet currently 
they are studied in isolation. Biomedical 

ontologies provide a representation of the canoni-
cal entities considered in biomedical research and 
clinical observations, and the relations among 
them. Images reveal instances of those entities 
and, taken in aggregate, inform the construction of 
ontologies describing the pertinent domain content 
revealed in the images. The article by Fielding and 
Marwede (2011) notes the differences between 
the ontology of the body and the ontology of the 
image, developing toward an application of on-
tology of the psychiatric domain. Although such 
ontology development is important for knowledge 
representation, it is also important to relate and 
integrate such ontologies with the actual images to 
which they relate. In this commentary, we describe 
ongoing work to accomplish this linkage.

Connecting biomedical ontologies to images is 
an important activity. Biomedical images provide 
rich information, but the contents of images, such 
as the modality used to acquire them, the anatomy 
they contain, and visual observations made about 

images, are not explicit or computable. Image data 
are accumulating in a variety of online databases 
at an explosive pace, similar to nonimage data. But 
whereas nonimage data, such as genetic data, are 
easily processed by machines, image data are gen-
erally not exploited directly—images typically are 
stored in archives, and only particular data needed 
for the study in which the images were originally 
acquired are generally available for subsequent 
analysis. Consequently, informatics methods are 
in development to enable the community to lever-
age the vast amounts of images accumulating as 
products of biomedical research.

The Challenges of Using 
Images in e-Science

There is growing interest in applying semantic 
web technologies to biomedicine, because these 
methods can make biomedical data explicit and 
computable. An “e-Science” paradigm is emerg-
ing, and the biomedical community is looking 
for tools to help them access, query, and analyze 
the myriad of data available online. Specifically, 
they are beginning to embrace technologies for 
semantic scientific knowledge integration, such 
as ontologies (Bodenreider and Stevens 2006), 
standard syntaxes and semantics to make bio-
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medical knowledge explicit, and the Semantic Web 
(Ruttenberg et al. 2007). These technologies are 
enabling the community to access large amounts 
of data, and to interoperate among diverse data 
archives. Such technologies are showing promise 
in tackling the information challenges in bio-
medicine, and a variety of applications are quickly 
appearing (Ruttenberg et al. 2007). Although 
researchers can now access a broad diversity of 
biomedical data, a critical type of data—images—
remains difficult to leverage.

Those wanting to access and use imaging in 
their work face similar difficulties as the rest of 
the e-Science community, namely to manage, find, 
and use the voluminous amounts of imaging data 
accruing at an explosive pace. However, imaging 
poses unique challenges hindering direct transla-
tion of the informatics methods that are currently 
being applied to nonimaging biomedical data.

Image Content Is Not Explicit and 
Machine Accessible

Images contain rich information about anatomy 
and abnormal structures contained in the images; 
however, this is implicit knowledge that is deduced 
by the person viewing the image. For example, a 
researcher viewing an image may want to indicate 
where in the image particular areas of interest 
lie, and whether they are abnormal (Figure 1). 
This information, the semantic image content, 
is often considered “image metadata,” including 
observations about images, interpretations, and 
conclusions, and it is generally not recorded in a 
structured manner nor directly linked to the image. 
Thus, images cannot be easily searched for their 
semantic content (e.g., find all images containing 
particular anatomy or representing particular 
abnormalities).

No Controlled Image Terminology or 
Standard Syntax for Image Information

There are no standard terminologies specifically 
for describing medical image contents—the imag-
ing observations, the anatomy, and the pathol-
ogy—and the syntax in which the information is 
recorded varies, with no widely adopted standards, 
resulting in limited interoperability. Descriptions 

of medical images are most frequently recorded 
in free text in an unstructured manner, limiting 
the ability of computers to analyze and access 
this information. Schemes for annotating im-
ages have been proposed in nonmedical domains 
(Troncy et al. 2007); however, no comprehensive 
standard appropriate to medical imaging has yet 
been developed. The syntax used to encode image 
data and metadata also varies; current standards 
in use include the Digital Imaging and Commu-
nications in Medicine (DICOM) standard (for 
images acquired from imaging devices), Health 
Level Seven (for information in electronic medical 
record systems), and the World Wide Web (for 
labeled with HTML or RDF, although not with 
consistent semantics across the Web).

Context-Dependent Annotation 
Requirements

The particular information one wants to an-
notate in medical images depends on the con-
text—different types of images can be obtained for 
different purposes, and the types of annotations 
that should be created (the “annotation require-
ments” for images) depends on that context. For 
example, in images of the brain of a cancer patient 
(the context is “cancer” and “brain region”), we 
want annotations to describe the brain structures 
affected by the cancer, as well as the margins of 
the cancer (the appearance of the cancer on the im-
age). Such context dependencies must be encoded 
somehow so that an annotation tool can prompt 
the user to collect the proper information in dif-
ferent imaging contexts.

If semantic information within images were 
made explicit and associated with images on the 
Web and in DICOM, many types of Semantic 
Web applications could be created that access 
image data, ranging from simple image query 
programs and image classification (Mueen et al. 
2007) to computer reasoning applications (Rubin, 
Dameron, and Musen 2005a). In addition, explicit 
semantic image contents would enable images to 
be related to the nonimage data of e-Science that 
is pervasive on the web. For example, images 
could be mined to discover image patterns that 
predict biological characteristics of the structures 
they contain.
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Work is underway to develop methods and 
tools to enable ontologies to be linked with im-
ages, specifically, to enable researchers working 
with images to make statements about the images. 
These statements comprise descriptions of regions 
of interest in the images, anatomy corresponding 
to those regions, and information about what 
was observed in those regions, in addition to 
other information (“metadata”) about the im-
ages. This work—referred to as annotation and 
image markup (AIM)—is an approach in which 
human and machine descriptions of image content 
is made explicit and accessible using ontologies. 
AIM includes the following components: (1) 
An ontology of image annotation and markup, 
specifying entities and relations to represent the 
semantics of images, (2) an image annotation tool 
to collect annotations from people viewing images 
as instances of the ontology, and (3) a serialization 
module to store the image annotation information 
in a variety of standard formats, enabling interop-
erability among a variety of systems that contain 

images: medical records systems, image archives 
in hospitals, and the Semantic Web (Rubin et al. 
2008; “The caBIG annotation and Image Markup 
Standard: Technical Documents” 2008). Through 
such methods, there is the potential of unifying the 
ontology and imaging communities. In addition, it 
will be possible for those who work with images 
to access the semantic contents of images and in-
tegrate them with related nonimaging information 
so they exploit the image information effectively.

In this commentary, we provide a brief over-
view of AIM and speculate on its potential role 
in neuroimaging. The goal of AIM is to tackle 
the challenges of applying informatics methods 
to images to achieve semantic access and integra-
tion of images across hospital information systems 
and the web.

Overview of AIM
AIM adopts knowledge representations for 

what people viewing images want to say about 
them: the entities observed in images (anatomy 

Figure 1. Image annotation and markup. A researcher has drawn an arrow (a “markup”) on the image. 
The researcher wishes to convey the information that this arrow is marking the ascending thoracic 
aorta (an “annotation”). The former is stored as a graphic with no semantics. The latter is often re-
corded in free text, whose semantics are extracted by reading the annotation. Neither markups nor 
annotations are currently represented or stored in manner such that the semantics of these image 
metadata are explicit and machine accessible in an unambiguous manner.
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and abnormalities), the annotation contexts and 
image annotation requirements in those contexts 
to ensure the proper information is collected in 
the different contexts, and an annotation tool to 
create the annotations. AIM is a project of the of 
the National Cancer Institute’s cancer Biomedical 
Informatics Grid (available: https://cabig.nci.nih.
gov/workspaces/Imaging) and is being developed 
to establish standards for recording semantic im-
age information that will enable users to interoper-
ate with these data nationally.

We distinguish between image annotation and 
markup (see Figure 1). Image annotations are 
explanatory or descriptive information, generated 
by humans or machines, directly related to the con-
tent of a referenced image (generally nongraphical, 
such as abnormalities seen in images and their 
locations). Image markup refers to graphical 
symbols that are associated with an image and 
optionally with one or more annotations of that 
same image. Accordingly, the key information 
content about an image lies in the annotation; the 
markup is simply a graphical presentation of the 
information in the annotation.

The AIM project provides methods for repre-
senting and handling both image annotations and 
markups. The approach to making the seman-
tics of image content explicit and accessible to 
machines is to (1) create an ontology to provide 
controlled terminology for describing the contents 
of medical images and a standard image informa-
tion model for recording semantic annotations, (2) 
develop an image annotation tool to collect user 
annotations as instances of the ontology, provid-
ing intelligent feedback to inform the user about 
annotation information requirements given the 
image annotation context, and (3) serialize the 
annotation instance data to a variety of standard 
formats for interoperability in many different 
imaging environments.

An Ontology for Image 
Annotation

AIM provides an ontology in Web Ontology 
Language (OWL-DL) to represent the entities 
associated with medical images. The AIM ontol-
ogy includes anatomic structures that can been 

seen in images (such as “liver” and “lung”), the 
observations made by radiologists about images 
(such as “opacity” and “density” of structures 
contained in the images), and the spatial regions 
that can be visualized in images, as well as other 
image metadata (Figure 2). The AIM ontology 
also represents knowledge about annotation re-
quirements: information required to create image 
annotations. These annotation requirements are 
analogous to minimum information requirements 
in annotation tasks in other domains, such as in 
the microarray community. Annotation require-
ments comprise two aspects: (1) The context for 
the annotation and (2) the requirement for annota-
tion. The contexts for annotations comprise a set 
of pre-enumerated types of images and scenarios 
in which images are used (e.g., in assessing the 
anatomy and observations present in images when 
evaluating lesions in the brain).

Information Model for Image 
Annotation

AIM also provides an information model 
(“AIM schema”)—a standard syntax for creat-
ing and storing instances of image annotations.1 
The AIM schema is in UML, and it distinguishes 
image “annotation” and “markup.” Annotations 
describe the meaning in images, whereas markup 
is the visual presentation of the annotations. In 
the AIM schema, all annotations are either an 
ImageAnnotation (annotation on an image) or an 
AnnotationOnAnnotation (annotation on an an-
notation). Image annotations include information 
about the image as well as their semantic contents 
(anatomy, imaging observations, etc.). Annotation 
on annotations permit users to make statements 
about groups of preexisting annotations, such as 
to comment on multireader image evaluations, 
or to make statements about a series of images.

Image Annotation Tool
An image annotation tool implementing AIM 

has been created for collecting annotations from 
users as they review images, to enable users to 
make image information explicit. The annotation 
tool provides an image viewing pane so users can 
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scroll through images. The tool also provides an 
annotation palette with drop down boxes and 
text fields the user accesses to record semantic 
information about the images (Figure 3). The tool 
implements the AIM schema, so that annotations 
created with the tool are stored in AIM-compliant 
syntax.

The annotation tool accesses the ontology to 
guide users as to annotation requirements during 
the annotation process. This functionality was 
implemented by accessing the AIM ontology, 
making assertions in the ontology about the an-
notation context, and querying the ontology to 
determine subclasses of the appropriate context 

classes (which indicate the annotation require-
ments for the context). As the user interacts with 
the tool, such as by drawing lines or making 
entries to describe anatomy and findings, the tool 
records this information using the AIM ontology 
and controlled terminology, hiding the structured 
form of the information it collects from the user 
(see Figure 3). For example, if the user draws a line 
and labels it “region 1,” the annotation tool cre-
ates an AIM annotation with the line coordinates, 
length, and name (“region 1”) in a data structure 
compliant with AIM schema. Users can annotate 
entire images or regions of images and images can 
have multiple annotations.

Figure 3. AIM Image Annotation Tool. We developed an image annotation tool that permits re-
searchers to view images and to describe their semantic content. Annotations created are compliant 
with the AIM information model by adopting a series of selection lists (top inset) and drop-down 
boxes with anatomic and observation terms (not shown). The values entered in this tool thus en-
force controlled terminology and standard content to enable interoperability (figure modified 
from Rubin et al. 2008).
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The process by which users view images and 
create AIM annotations is similar to the current 
process by which radiologists perform this task, 
by drawing or notating directly on images (see 
Figure 1). However, the annotation tool creates 
semantic structure, which is stored in computer-
accessible formats. Thus, AIM and the annotation 
tool provide a means to conceptually link the im-
age with its semantic contents and to be used in 
subsequent data analysis or to be accessed on the 
Semantic Web.

Advantages and Opportunities 
for AIM

AIM addresses the challenge of making the 
semantic contents of images explicit and acces-
sible to machines. The AIM ontology provides 
controlled terminology needed to describe im-
age contents: anatomic structures visualized in 
images, the observations made about images by 
radiologists, spatial regions in images, and other 
metadata, while the AIM schema describes the 
minimal information necessary to record an image 
annotation. The AIM annotations permit useful 
queries that would not be possible without such 
explicit representation, such as “find all images 
that contain a mass in the parietal lobe of the 
brain” (Figure 2).

An important challenge that an annotation 
tool implementing AIM can address is recording 
context-dependent image annotation requirements 
(minimal information requirements for annota-
tion). The information requirement for image 
annotation depends on the context (such as the 
disease in question or the specific anatomy con-
tained in the image). There are different minimal 
information requirements for describing image 
content depending on the context—the region 
of the body from which the image was obtained. 
Image annotation tools can acquire the contex-
tual knowledge from the AIM ontology, which 
provides knowledge needed to guide the user to 
supply the appropriate information about images 
given the imaging context.

Making semantic information in images explicit 
is an important potential application of AIM. Ana-
tomic structures in the brain have functional sig-

nificance. These anatomic structures are visible in 
images, but current image processing applications 
cannot access the semantic knowledge of those 
structures. For example, certain regions in the 
brain could be implicated in psychiatric disorders 
and display abnormal appearances on functional 
imaging studies. Ontologies can be developed to 
describe the key entities and relations pertinent to 
those disorders; however, without a mechanism to 
annotate the images with those entities, it would 
be difficult to process the images automatically 
without human intervention. A potential promis-
ing approach may be to link brain atlases with 
ontologies and thereby transfer the ontology 
annotations directly to the images during image 
registration to the atlas. This type of approach 
has been previously applied in non-neuroimaging 
studies (Rubin et al. 2005b).

Ultimately, if large collections of images ac-
quired as part of neurological and psychiatric 
imaging are compiled and annotated with ontolo-
gies using standards such as AIM, then the process 
of mining the images could be streamlined. In 
addition, making the semantic content of images 
explicit may lead to greater reuse of image data in 
new research areas and enable asking new ques-
tions not conceived by the studies in which those 
images were originally acquired.
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