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Abstract. Image quality assessment is fundamental as it affects the level of confidence in any output obtained from image analysis. Clinical research imaging
scans do not often come with an explicit evaluation of their quality, however
reports are written associated to the patient/volunteer scans. This rich free-text
documentation has the potential to provide automatic image quality assessment
if efficiently processed and structured. This paper aims at showing how the use
of Semantic Web technology for structuring free-text documentation can provide
means for automatic image quality assessment. We aim to design and implement
a semantic layer for a special dataset, the annotations made in the context of the
UK Biobank Cardiac Cine MRI pilot study. This semantic layer will be a powerful tool to automatically infer or validate quality scores for clinical images and
efficiently query image databases based on quality information extracted from the
annotations. In this paper we motivate the need for this semantic layer, present
an initial version of our ontology as well as preliminary results. The presented
approach has the potential to be extended to broader projects and ultimately employed in the clinical setting.

1

Introduction

UK Biobank is a large scale population study at the national level aimed at improving
the understanding, diagnosis and treatment of a wide range of diseases, such as cancer,
stroke or cardiac pathologies [1]. In 2006 the recruitment began of 500,000 volunteers
aged 40-69 across UK who underwent a number of clinical tests and agreed to have
their health followed. UK Biobank is a complex project addressing multiple organs by
means of various clinical tests, including different imaging modalities. The outcome of
this study will be available to researchers worldwide.
Within UK Biobank, Cardiovascular Magnetic Resonance Imaging (CMR) plays a
fundamental role in the assessment of cardiac function. Each volunteer participating to
the UK Biobank imaging arm undergoes a series of MRI sequences to image the heart:
Cine MRI, tagged MRI, T1-mapping and Phase-contrast imaging [2, 3]. A pilot study

of 5,000 CMR scans has been released and is shared for data analysis with affiliated
researchers analysing Cine MRI, the most common CMR sequence in clinical practice.
The topic of automatic image quality assessment is of particular importance in relation to the management and post-processing of large scale datasets, such as the UK
Biobank pilot study, and more generally in clinical research. Consistent image quality assessment provides means to evaluate how reliable the parameters values obtained
from the image analysis are. However, image quality assessment is seldom carried out
in an organised and structured way. Clinicians and radiographers might repeat a scan
if they detect technical problems in real-time, otherwise, the sub-optimal quality goes
undetected and is not recorded. In post-processing, image analysts often discard images
with technical problems without further feedback to the image acquisition team. In the
context of the UK Biobank CMR pilot study, one of the main aims was to address this
lack of cross-talk between the acquisition and post-processing phase. Data analysis of
the pilot study was in fact based on two key aspects: quality assessment of the imaging
data and manual contour delineation. Figure 1 highlights the two components of the
analysis. Quality assessment of the Cine MRI scans was carried out through a combination of free-text comments and numerical quality scores. Manual delineation of contours (also known as segmentation) was carried out for the four chambers of the heart,
which then results in the computation of fundamental parameters of cardiac function.
As per UK Biobank protocols, all such derived data will be returned to UK Biobank for
inclusion in the central database, whence they can be disseminated to other groups with
appropriate research approvals.1
For the purposes of our work, we focus only on the quality assessment data, which
is the combination of free-text annotation and numerical quality scores. The quality
scores provide a quick overall classification of the images, for example, for statistical
purposes. The free-text annotation is rich in information but cannot be processed in an
easy and efficient manner as the numerical scores. A promising efficient solution can be
sought in the field of Semantic Web. The semantics of the free-text annotations, which
describe the quality of the image analysis, will be defined via a structured vocabulary
or ontology, which we are going to call CMR-QA (Cardiovascular Magnetic Resonance
Quality Assessment). An ontology is an explicit specification of a conceptualisation
providing an unambiguous and formal representation of a given domain or field of
knowledge [4, 5]. In other words, ontologies provide a controlled vocabulary about the
relevant terms in that domain and their relationships. Ontologies are extensively used
in biomedicine (e.g., [6]) and in other domains like the energy sector (e.g., [7]). There
have also been recent efforts in using ontologies to describe the information within a
biobank (e.g., [8–11]).
Generating a semantic layer for the annotations provides the means to structure
them in a formal and unambiguous way while retaining all the descriptive power of
natural language. This semantic layer will provide machine-readable data and will be a
powerful tool for (i) fast and efficient processing of the free-text comments; (ii) automatic image quality assessment from such comments and generation of quality scores;
(iii) evaluation of the quality of the free-text comments in terms of information completeness, ambiguity and variability; (iv) training purposes (e.g., showing preferred an1
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Fig. 1. Example of analysis pipeline restricted to the case of HLA view. Quality scores are 1 =
optimal, 2 = sub-optimal and 3 = unreliable or non-analysable.

notation styles for different types of images); (v) efficient semantic access (i.e. database
querying) to the images by the UK Biobank target users, such as researchers in the
field of automatic segmentation, or clinical researchers who need a specific subset as a
control group in their study.

2

Methodological approach

Data analysis for the 5,000 CMR pilot study was carried out by a team of eight observers
from two clinical research centres. The observers were professionals experienced in this
type of analysis but with different backgrounds and expertise. Quality assessment and
general data analysis progress was managed through a shared spreadsheet by the team.
2.1

The imaging data

Each individual CMR dataset included in the 5,000 CMR pilot study for the UK Biobank
project contains a series of MRI scans of the heart aiming at imaging different aspects
of cardiac function and structure. However, for the purposes of the first release of data,
only a subset of the images acquired were analysed. Data analysis was initially restricted
to the following Cine MRI views: (i) Short axis (SA). Left and right ventricle (LV and
RV) are contoured in this view at two phases of the cardiac cycle, end-diastole and endsystole. For the left ventricle both endocardial and epicardial contours are drawn. For
the right ventricle only the endocardial contour is considered. (ii) Horizontal long axis
(HLA or 4Ch), also referred to as four chamber view. Left and right atrial (LA and RA)
endocardium are contoured in this view at two phases. The first phase is ventricular enddiastole and it provides the minimal atrial volume. The second phase is identified by the

Fig. 2. Quality assessment parameters with examples.

opening of the mitral valve, and it is used to obtain the maximal atrial volume. (iii) Vertical long axis (VLA or 2Ch), or two chamber view. Only left atrium is contoured at the
same phases of the cardiac cycle as HLA.
2.2

Quality assessment of the data

The individual dataset for each participant in the pilot study thus contained the three
aforementioned Cine MRI views. Data analysis of each dataset was subdivided into two
phases, quality assessment and manual contouring of anatomical structures. The quality
assessment part is the focus of this paper. Quality assessment addressed the three views
individually, as they are acquired separately. Therefore, for example, a good quality SA
image can be paired with a poor quality HLA or VLA images. Figure 1, shows the
pipeline of data analysis and output for the HLA view.
The observers were required to evaluate each subset of images according to certain
aspects likely to affect image quality. The level of detail provided also varied with the
experience and background of the observer. For example, those with clinical experience
were able to suggest the presence of a specific pathology, only when this was considered to affect the quality of the image. Those with knowledge of MRI physics provided
more insight on the nature of artefacts. Figure 2 shows a diagram of the different aspects
of quality assessment the observer were taking into account, divided into technical issues (left-side panel) and patient-related issues (right-side panel). Examples of possible
issues are provided for each sub-area of quality assessment.
For those images flagged as sub-optimal or unreliable, the observers were asked to
write a short free-text comment summarising, for the three imaging views, the reasons
for such decision. This resulted in a wide variability in the level of detail provided, but
also in the vocabulary employed. In combination to comments, the observers were also
asked to provide a numerical score (1 = optimal, 2 = sub-optimal, 3= unreliable) to
summarise how reliable the contours of each cardiac chamber was in the light of the
quality assessment given to the images.
2.3

Definition of the semantic layer

We aim at providing a formal description or semantic layer for our domain, that is the
quality assessment (both free-text annotations and quality scores) of the cardiovascu-

lar Cine MRI views as performed in the UK Biobank CMR pilot study. The semantic
layer will be composed by: (i) an ontology, containing concepts relevant to our domain (i.e., vocabulary occurring in the free-text annotations or terms relevant to the
image analysis) and relationships among those concepts; (ii) ontology data which is the
re-formulation of the information content of the free-text annotations according to the
ontology; (iii) ontology rules to infer knew knowledge in combination with the ontology
and the ontology data.
Ontology development. The ontology development is still ongoing and greatly benefits from the close collaboration with the observers involved in the image analysis and
quality assessment phase. Given the highly theoretical nature of ontology development,
in this section we are only providing some key examples, described in plain text, of the
key components of an ontology.
Concepts in biomedical ontologies are typically organised in a hierarchy according
to (i) a broader-narrower relationship, that is classifying concepts from general to
more detailed ones, e.g., the heart is an organ; (ii) a part-whole relationship, e.g., the
left atrium is part of the heart. In addition, ontology concepts may also be related to
each other by means of other relationships, e.g., arrhythmia affects the heart.
With this framework in mind, we have started developing the CMR-QA (Cardiovascular Magnetic Resonance Quality Assessment) ontology to include both general
knowledge about the domain and more concrete aspects about the image quality assessment.2 For example, CMR-QA encodes general knowledge about concepts such as
Cine MRI Scan is a kind of MRI Scan; but it also encodes more specific knowledge
such as wrong image plane orientation is a kind of technical issue or RA off axis is a
specific type of wrong image plane orientation (please refer to Figure 2). Although the
relationship specifying that Cine MRI Scan is a kind of MRI Scan may not be seen as
an interesting piece of knowledge, this knowledge will not be otherwise known by a
computer and thus it should be specified. Furthermore, this top-level knowledge will
facilitate the integration with other established domain ontologies that do not contain
concepts as fine-grained and specific to our domain as the ones provided in CMR-QA.
Concepts and relationships belong to the logical realm. However, non-logical knowledge can also be added to the ontology in the form of lexical information (synonyms,
comments, cross-references). For example, CMR-QA includes that LA out of plane is
an alternative label or synonym for LA off axis, which captures some of the variability
observed in the free-text comments (refer to Table 1 for the complete list of variants).
Ontology data via free-text comment mining. We are developing named entity recognition (NER) techniques to transform the free-text comments into semantically rich
data according to CMR-QA (see [12, 13] for a survey). In other words, each free-text
comment is decomposed using text-mining techniques into chunks, which will be then
associated to statements or triples in the form of <subject predicate object> expressions. For example, suppose we have a composite comment “Basal slice missing, wrong
plane RA”. The text-mining process identifies two quality issues by breaking the sentence into two parts: “Basal slice missing” and “wrong plane RA”. Focussing on the
2

CMR-QA ontology and related assets can be downloaded from https://github.com/
ernestojimenezruiz/CMR-QA-Semantic-Layer

latter, the chunk of text “wrong plane RA” in the free-text comment is then associated
to the triple: <issuei rdf:type RA off-axis>; this is a computer-friendly representation
of the fact that there is a quality issue (the subject), uniquely identified here by issuei
where i is a counter. This subject belongs to a certain type (the predicate rdf:type), the
type being RA off-axis (the object).
Ontology rules. Ontology rules are being developed together with the ontology to infer
additional knowledge about the data via automatic reasoning (e.g., [14]). The rules are
implications between an antecedent and a consequent, that is, whenever the antecedent
holds then the consequent must hold as well. For example, if the free-text annotation
includes the comment RA off-axis (antecedent) then the comment is necessarily referred
to the HLA view (consequent). Analogously, the free-text comment basal slice is missing (antecedent) implies a lack of coverage associated to the SA view (consequent). One
of the key points of carefully developing such rules in our work is that they can be
used to infer numerical quality scores from the comments. For example, the presence
of Lack of coverage (antecedent) will always lead to a sub-optimal quality score associated to the right and left ventricle (consequent). In addition, we aim to use rules to
reveal potential incompleteness or ambiguity. For example, we can classify a comment
such as LA off axis as incomplete, because neither the imaging view or the cardiac cycle
phase are indicated.

3

Preliminary results

The free-text annotations provide a rich source of information for target users of UK
Biobank that goes beyond the simple classification provided by the numerical scores.
However, free-text is prone to variability and ambiguity which hinders the efficient use
of its information content for querying and access of Cine MRI scans according to
the quality assessment outcomes. In this section we provide two examples to motivate
the need for a formal structuring of quality assessment by means of the design and
implementation of a semantic layer for the annotations.
Table 1. Variability for the LA off axis example in numbers. The synonyms with asterisk take into account variations (abbreviations
and most common typos) associated to them.
Synonyms
Occurrence
foreshortened*
2
off axis*
179
off-axis
13
off axis
145
off axes
21
off plane
0
out of axis
26
wrong plane
7

Table 2. Ambiguity in the annotation of HLA
(4Ch) when it is not explicitly explained if either left or right atrium or both atria are affected by the off axis technical issue (highlighted in bold in the table).
Off axis subset
Occurrence
Total off axis sentences
515
Only referring to LA
173
Only referring to RA
27
Reference to both atria
53
HLA (4Ch) without reference
226
Other annotations
36

Fig. 3. Example fragment of the CMR-QA ontology showing the scope of the concept LA off axis
and its synonyms.

3.1

Example 1: variability

Variability is due to natural human variability, for example there is difference in the
used terminology or different opinions about the quality of the image. This variability
can be limited only in part by the use of a standardised analysis protocol. For example,
different observers can correctly flag as LA off axis, LA out of plane, wrong LA plane,
2Ch out of plane, or LA foreshortened an image where the plane chosen to acquire a
long axis view was not optimally aligned to measure left atrial (LA) volumes. Table 1
shows the occurrence of the set of synonyms used by the observers for the case of LA
off axis in a total of 214 comments referring to wrong image plane affecting left atrium.
In the development of the semantic layer with respect to this specific example, we made
a first decision to define as preferred label LA off axis, because it is the most commonly
used. Then we have defined as accepted synonyms all the other variants in the table.
Figure 3 shows a fragment of CMR-QA with the preferred label and a subset of the
accepted synonyms of the concept LA off axis.
3.2

Example 2: ambiguity

Ambiguity is typically due to missing information in the annotations which may lead to
an ambiguous interpretation. For example, within the UK Biobank pilot study analysis
protocol, the annotation 2Ch out of plane will always refer to a left atrium that is offaxis since in VLA (2Ch) only the left atrium is contoured. However, 4Ch out of plane
would represent an ambiguous annotation since in HLA (4Ch) both left and the right

atria are contoured. Table 2 describes the occurrence of ambiguous HLA (4Ch) related
comments, with respect to missing reference about which atrium is affected. On a total
of 515 sentences generally relating to off axis issues (could be for any imaging view),
226 address HLA (4Ch) without the explicit reference to LA, RA or atria. Detailed
knowledge of the UK Biobank pilot CMR dataset helps addressing such ambiguity, as
the observers came to realise that in most of the cases where 4Ch out of plane applies,
the left atrium is most affected. Hence, we have created project-specific ontology rules
that (i) raise a warning of incompleteness for the comment, and (ii) assign LA off axis
(consequent) as the most likely outcome to such comments where a wrong plane is
observed in the HLA view (antecedent).

4

Discussion

In this paper we have presented the first steps in defining a semantic layer within the
quality assessment of UK Biobank Cardiac Cine MRI scans with the main aim of automatically inferring image quality scores from free-text annotations. In this section we
comment on the motivating examples shown in the previous section, summarise the future work and emphasise the likely benefits for UK Biobank users and clinical research.
Motivating examples. In Section 3 we have presented two cases in the evaluation of the
quality assessment of image analysis where the benefit of introducing a semantic layer
can be appreciated. The first example on the lexical variability naturally encountered in
free-text comments demonstrates that adding a semantic layer to complement the freetext annotations would be extremely useful to extract commonalities. In particular, the
semantic layer will allow us to (i) group annotations that describe the same concept
under the same preferred label, and (ii) find analogies among similar annotations. The
second example is about ambiguity due to incompleteness in the comments. The use of
semantics will help find patterns in the annotation procedure and define ontology rules
to partially resolve such ambiguity. In the context of these two examples we have also
shown how the structured vocabulary associated to the quality assessment information
is being designed. Preliminary intuition of the development of domain-specific ontology
rules has also been provided.
Related Work. Ontologies are extensively used in biomedicine. Prominent examples
are BioPortal, a comprehensive repository containing more than 500 biomedical ontologies [6], and SNOMED CT [15], the reference ontology of choice across National
Health Service (NHS) information systems.3 There have also been recent efforts in
adding a semantic layer to describe the information within a biobank. Andrade et al. [8]
envisaged the benefits of using ontologies for querying and searching the information
in a biobank and across biobanks. Muller et al. [11] presents and updated overview of
the state of the art and open challenges for the description and interoperability across
biobanks where the use of Semantic Web technologies will play a key role. Examples
of concrete Semantic Web-based solutions in biobanks can also be found in [9, 10].
Although state-of-the-art ontologies include the description of concepts relevant to our
3
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domain, we could not find any ontology meeting all our requirements (e.g., complete
description of Cine MRI technical issues) which evidences the necessity of a more specific ontology in this particular domain.
Future Work. As immediate future work, we plan to complete the CMR-QA ontology,
define the necessary ontology rules and finalise the implementation of the techniques
to text mine the comments to extract ontology data. In this way it will be possible to
automatically infer numerical quality scores from the annotations. Validation will be
carried out by comparing the automatic scores with those manually assigned by the observers as part of their quality assessment. We also aim to design a prototype software
for query and retrieval of Cine MRI scans according to certain semantic characteristics
to be later embedded in the UK Biobank CMR pilot study available tools. Furthermore,
we will perform an extensive evaluation to analyse the correctness of our approach.
In the long-term, the definition of semantics will enable integration at different levels
within UK Biobank and with external vocabularies: (i) integration with other parts
of UK Biobank where different ontologies and controlled vocabularies may be used;
(ii) integration with other existing biobank ontologies (e.g., [9, 10]); and (iii) integration with medical vocabularies in order to be compliant with state-of-the-art standards,
for example SNOMED CT [15]. The integration with other ontologies will allow the
interoperability among different group of experts relying on different ontologies and
the creation of a broader semantic layer.
Expected benefits for training purposes. An important related application is the development of training material for future observers analysing clinical imaging data. CMRQA will provide a controlled set of preferred quality assessment comments, together
with alternative expressions, so that observers can be more systematically trained in
image quality assessment. This will result in a significant reduction of variability and
improved quality of the information content of the comments provided.
Expected benefits of semantic access for UK Biobank users. The use of a controlled vocabulary provided by the CMR-QA ontology will ease the retrieval of Cine MRI scans
according to their quality and reliability of the analysis outcomes. For example, a clinical researcher interested in building a control group for a study on pathologies affecting
the atria, might want to query only for those images whose atrial volumes have been
reliably estimated. Therefore, he/she will exclude scans where atria were off axis or the
image quality was sub-optimal. A different example coming from the biomedical engineering world: an expert in development of algorithms for automatic contouring of the
left ventricle might be interested in testing a newly developed tool on those Cine MRI
scans where it was most difficult to define the basal slice. He/she will specifically query
for cases whose image analysis was annotated as having difficult definition of the basal
slice for the left ventricle.
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