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Abstract— Healthcare services are increasingly using medical
images and video in their applications. Quality assessment can be
performed via image quality evaluation metrics. However, due to
the specific nature of the associated data, quality evaluation of
medical images poses several issues. In this paper, we provide an
insight into medical image quality evaluation, by discussing the
issues faced and the current trends in the literature. Based on the
analysis of the medical and technical literature, three broad
categories of quality evaluation metrics are presented. The
different methodologies are compared in different environments
and services and recommendations for future research are
provided.
Keywords— medical image quality evaluation; objective
metrics; subjective metrics; service science; diagnostic accuracy;
quality of experience.

I.

INTRODUCTION

Healthcare services are one of the most complex systems of
the service sector. Today, the services provided by healthcare
encompass various disciplines like medicine, engineering,
information technology, finance, management, etc. The
emergence of advanced communication technologies is
currently addressing various issues related to healthcare, for
instance, the increasing demand for quick and reliable delivery
of healthcare services over modern communication channels,
long distance medical diagnosis/consultations, medical video
conferencing, remote medical education, medical data storage,
etc. The wide range of healthcare services provided using the
modern communication technologies are now popularly termed
as telemedicine as a branch of e-Health. This amalgamation of
various disciplines of healthcare and the emergence of e-Health
throw several challenges while delivering the services to the
users. The application of service science in e-Health can help in
addressing the challenges faced by the healthcare service
sector.
In any given service sector field, it is essential that the
service delivered is of high quality. Usually, the quality of
service delivered is measured with various measurement
techniques relevant to that particular field. In e-Health, the
measurement of the quality of service is a way of ensuring that
the correct information is received by the end user after it
undergoes different processing systems, like data compression
or transmission over the communication channel. The quality
of the service delivered can be measured according to the
various aspects under consideration. For instance, for
transmission of medical information over wireless channels the
quality of service from the network point of view is measured
using various transmission performance metrics like delay,
throughput, spectral efficiency, etc. Similarly, in video
streaming services, the quality is measured using various

metrics like initial delay, re-buffering probability, duration of
re-buffering events, playout time, etc. The evaluation of the
service quality can cater to the ultimate goal of service science,
i.e., to facilitate better design processes and provide scalability
to improve service systems for better business and societal
purposes [1].
One of the major applications in the field of e-Health is the
transmission of medical images and videos over various
communication channels. Medical images and videos are used
for various purposes like patient diagnosis, broadcast of
surgical operations, exchange of medical information,
educational purposes, etc. Due to various communication
channel constraints and video processing procedures prior to
the transmission, the received image/video often suffers loss of
information and hence is subjected to degradation in the
received video quality. This can be further inferred as
degradation in the quality of the service delivered. Usually,
various methods are employed to improve the received service
quality. However, it is important to measure or quantify the
quality of the service received. In the context of image
processing, several image quality assessment techniques are
generally employed. These image quality metrics give an
assessment of the quality of the image after any kind of
processing. In e-Health applications, medical image quality
assessment is used for quality assessment of the image/video
received which in turn is a reflection of the quality of the
service provided.
In this paper, we look into the various aspects of medical
image quality evaluation and provide a study about the current
trends and challenges faced in this particular context. The study
involved reviewing recent papers (not more than 5 years old)
on medical image quality evaluation. Based on the papers
reviewed, a broad classification of medical image quality
metrics is presented in this paper. Section II provides an
introduction to the medical image quality evaluation topic.
Section III discusses about objective quality metrics used in the
medical image quality evaluation, followed by Section IV
which discusses subjective quality metrics. Section V gives an
insight into the hybrid approach used in the context of medical
image quality evaluation, and Section VI concludes the paper.
II.

QUALITY EVALUATION FOR MEDICAL IMAGES AND
VIDEO

The advancements in image and video acquisition
technology have led to an increased usage of medical images
and videos for the purpose of diagnosis. The field of
telemedicine has benefited from the use of modern
communication technologies which have enabled reliable
transmission of medical videos / data over different types of

communication channels.. However, the large memory
requirements of medical images and videos demand a large
storage space and high bandwidth resources for transmission
over variouss communication channels. Image/video
Image
compression is one
ne of the solutions used to address the
challenges of high storage and transmission bandwidth
requirements of medical videos.
In simple terms, image/video compression is achieved by
the removal of redundant data, which often implies loss of
information. Ideally,
eally, loss of information is not a desirable
feature in any type of signal processing, i.e., data, speech,
image and video processing. However,, appropriate removal of
redundant data has shown to have no or negligible effect on the
perceptual quality of the output signal. Perceptual redundancy
is exploited in signal processing to achieve high amounts of
data compression. Image quality evaluation is a method used to
measure the quality of the image obtained.
For medical image quality evaluation, standard objective
ob
&
subjective image quality metrics are commonly used. However,
these quality metrics are considered inappropriate for medical
image quality evaluation, mainly because these metrics have
not been successful in measuring the diagnostic quality of the
processed image. During the medical image compression
process there is a possibility of losing information of diagnostic
importance which may result in inaccurate diagnosis.
Therefore, in medical image processing it is highly essential
that the diagnostic importance of the image is maintained with
high quality. Unfortunately, there is no objective image quality
evaluation metric which measures the diagnostic quality of the
image. This lack of an exclusive quality evaluation metric for
medical images calls for higher research attention on medical
med
image quality evaluation [2].
Several works in the literature have focussed on medical
image quality evaluation. In this paper,, works related to
medical image quality evaluation from the literature are
broadly classified into threee categories as shown
show in Figure 1:
objective, subjective and hybrid methods.

Many of these image quality evaluation metrics have been used
in the quality evaluation of medical images. Some of the
popular state of the art objective image quality metrics for
medical quality evaluation used in the literature are listed in
Table I.
Objective metrics, in particular MSE, PSNR, and SSIM
(defined in Table I) are the most popular metrics used in
medical image quality evaluation, for
f instance to measure the
performance of image compression standards or to measure the
impact of different image processing techniques, as in [4]-[10].
Apart from these frequently used metrics, several works
have explored other image quality evaluation metrics for
medical images. The authors in [11]
[
have used 21 different
types of objective (statistical) metrics for evaluating the image
quality of medical ultrasound compressed images to further
propose their tool for evaluation of ultrasound image
compression. They categorise the metrics based on the
features it measures, which are: distance measures, correlation
measures, spectral, contrast
ntrast and Human Visual System (HVS)
measures.
A major criticism of objective quality metrics for medical
images is that these metrics do not correlate well with the
visual quality of the image. In particular, the objective metric
parameters are not a reliable
liable measure of the diagnostic
dia
quality
of the image [15].. Also, the compression ratios correlate poorly
with the quality of image degradation [16]. Therefore, it cannot
always be said that a high value objective quality metric
ensures a superior diagnostic quality medical image. However,
in spite of this shortcoming, objective metrics have been
widely used for quality evaluation of medical images [17].
IV.

SUBJECTIVE QUALITY MEASUREMENT
ME

In order to overcome the diagnostic non-reliability
non
shortcoming of objective medical image quality evaluation,
subjective quality assessment is widely adopted. In subjective
assessment, medical field experts give their opinions on the
images based on the perceptual quality and the diagnostic
information preserved
served in the processed image. Several methods
have been used to perform subjective quality assessment for
medical images. Some of them are described below.
A. Mean Opinion Score (MOS)

Figure 1. Classification of medical image quality
evaluation in this paper
In the following sections, a detailed discussion about the
above mentioned categories is given.
III.

OBJECTIVE QUALITY MEASUREMENT
SUREMENT

In order to evaluate the quality difference between the
original and the processed image, several objective image
quality metrics are available. These metrics usually are a
numerical representation of the quality
ality of the processed images
[3]] and can be applied on any image, irrespective of its type.

This is one of the simplest and widely adopted methods for
subjective quality
ity assessment. In this method, the medical
expert measures the perceptual quality of the image and
visually analyses the diagnostic information
infor
preserved in the
image [18]. Typically,, medical experts are presented with a
randomized set of images and are asked
a
to rate the quality of
the images in a scale of 1 to 5, where 1 is poor and 5 is the
highest quality. These results are used to further obtain the
average score and other statistical analysis.
B. Multiple Reader Multiple Case
In this method, the medical experts of various skill levels
are made to read multiple cases independently and their
opinion is collected. The problem with this method is that it
may lead to biases during the assessment procedure by the
experts due to their inconsistency in multiple assessments.
Hence, this method must involve proper design of the
assessment tests [19].

TABLE I. OBJECTIVE IMAGE QUALITY METRICS USED IN THE LITERATURE

Objective Image Quality Metric
Mean Square Error (MSE)
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Pixel difference between the
original and the processed image
Gives ratio of signal over the
noise, where signal refers to the
original image and noise refers to
the standard error
Measures the structural similarity
between two images
A window based metric which
gives a good measure of the
spatial correlation
Measures the structural distortion
and gives good approximation of
perceived distortion

SFM = √ + ( ;
Its calculation considers the
R = Row pixel difference, C = Column pixel
characteristics of the image
difference
The images are decomposed into wavelets and computation is done using several
models which gives a measure of the visual quality
Contrast thresholds are used to identify distortions. The distortions above the threshold
are modeled to measure the image quality

C. Double Stimulus Continuous Quality Scale (DSCQS)
The DSCQS uses a just noticeable difference (JND)
approach in which the medical expert is presented with two
images side by side, typically an original and processed image.
The expert is then asked to rank both the images. The ratings
obtained are then used to get the mean scores and other desired
statistics. This technique is particularly used to measure the
quality of the compressed images. If the compressed image is
visually close to the diagnostic quality of the original image
then it would imply that “perceptually lossless” compression
has been achieved [20]. Usually, the pictures are presented
once or twice to the expert who is asked to rate them on a scale
of 1 to 5.
An advantage of using subjective quality assessment for
medical images is that a reliable assessment of the processed
image quality can be obtained by relevant experts. However, a
disadvantage of this approach is the inconsistency of the results
obtained by these techniques. Different subjects may give
largely different ratings for the same image and hence impact
the overall average rating. Even in cases where the subject
assesses the image multiple times there might be chances of
potential bias i.e. the subject may rate the same image
differently the second time [21].
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HYBRID APPROACH

The merit of using subjective assessment is the reliability
on the quality measurement of the expert. However, this is
often an inconsistent and lengthy procedure. On the other

hand, objective assessment is a quicker and an easier
methodology, however it is not entirely reliable. Hence, there
have been efforts to develop methodologies which can
combine both subjective and objective evaluation techniques,
to further improve the medical image evaluation efficiency
[22]. This approach is referred as “hybrid approach” in this
paper.
One of the first efforts was made as early as in 1994 by
Cosman et al. [18], who proposed the concept of using a
“gold standard” that would be the reference for the diagnostic
truth of the original image based on which the diagnostic
accuracy of other processed image can be measured. Their
work also introduced the usage of Receiver Operating
Characteristics (ROC) analysis to measure the diagnostic
accuracies of the digitally processed images. The ROC curve
analysis is based on signal detection methodologies in which
Gaussian noise is added to signals which are then filtered. The
samples obtained from the filtered signal are compared to a
threshold based on which the presence of signal is detected.
To implement ROC analysis in medical image quality
evaluations, the threshold is calculated by obtaining the
subjective ratings of the experts on a scale (say, 1-5). This
threshold is then used for evaluating the feature detection
accuracy in the image. The ROC method is used especially in
images on which processes like lesion detections are
performed. If the quality of the image is higher, then it implies
that the probability of correctly detecting the lesion is higher
[23].

TABLE II. WORKS IN THE LITERATURE IMPLEMENTING THE CORRELATION APPROACH

Authors

Evaluation criteria
Used PSNR & SSIM for SPIHT algorithm &
correlated with MOS
SROCC & PLCC correlation approaches were used
to correlate various metrics with MOS

Outcomes
PSNR & SSIM showed 0.86-0.98
correlation
Best correlation were obtained for (ROI)
PSNR and WSNR
Their proposed
correlation of 0.9

J. F. Pambrun, et al. [28]

A hybrid vector measure uses Hosaka plots, MSE
and PSNR kind of metrics, Picture Quality Scale
(PQS) distortion measure and correlation to
subjective scores
JPEG 2000 compressed images are assessed using
VSNR & subjective metrics and correlated

H. R. Sheikh, et al. [29]

JPEG & JPEG 2000 compressed images were
evaluated using various objective metrics

K. J. Kim, et al. [30]

Correlation was done between various objective
metrics with subjective metrics

PSNR shows least correlation to MOS
scores, whereas VIF metric gives high
correlation
PSNR shows worst performance while
HDR-VDP metric gives best correlation

J. Oh, et al. [31]

Decompose image to different spatial frequency
bands an use Perceptual Quality Rating (PQR)
metric for correlation

B. Kumar, et al. [24]
A. Panayides, et al. [25]

A. Przelaskowski [26]

The Correlation Approach
A correlation based medical image quality evaluation
approach is increasingly used in the literature. This approach
involves obtaining statistical correlations between the
objective and subjective quality evaluations. The objective
metric which shows high correlation with the subjective
metric is thus considered to give a higher diagnostic quality
oriented evaluation. The outcome of this approach is that it
helps in choosing and designing an appropriate objective
quality metric for medical images. In the next paragraph one
of the works based on the correlation approach is discussed
and a few related works are presented in Table II.
The authors in [27] use their proposed wavelet weighted
bold vessel distortion measure (WBVDM) metric to analyse
the medical image quality. The proposed metric was compared
with other objective metrics like PSNR, MSE, SSIM, VIF, etc.
Their methodology distorts the image using different wavelet
distortion methods like JPEG, SPIHT, Gaussian blur, etc. The
images obtained from these methodologies were evaluated
using both subjective and objective quality evaluations. In
order to obtain a correlation between the subjective and
objective evaluations, the authors perform a non linear
regression function on the objective measures to transform
them into a set of predicted MOS values. This predicted MOS
values are then compared with the original MOS values by
finding a correlation using various correlation methods. The
results showed that their proposed WBVDM method gives a
measure closer to the subjective rating. Additionally, their
results also indicated that metrics like VIF, VSNR shows
improved performance with respect to the traditional MSE,
PSNR metrics. Several other works have used similar
methodologies for medical image quality evaluation and the
results have indicated that non traditional objective metrics

measure

shows

a

VSNR shows high correlation with
subjective assessment

PQR metric correlates well with the
radiologists assessment

show a better correlation with subjective measures than the
traditional ones like PSNR, MSE, etc.
A benefit of this “hybrid” approach is that it also considers
the characteristics of HVS. This is beneficial because the
resulting analysis will be based on the diagnostic importance
of the image which is essential in medical image applications.
HVS models consider various factors like contrast sensitivity,
luminance, masking effect, and frequency decomposition. The
metrics usually correlate well with human visual performance
and hence enhance the quality evaluation efficiency [32].
Also, an interesting observation from the reviewed works is
that the traditional metrics like PSNR, SSIM do not perform
well in the context of medical images [33]. Other less known
metrics like VIF, VSNR give a more appropriate evaluation.
VI.

CONCLUSION

In this paper, an overview of quality evaluation of medical
images is given. Several objective and subjective image
quality assessment metrics exist, however there are no specific
quality metrics valid in general for medical images/videos.
The existing generic image quality metrics have been used in
the literature for the quality evaluation of medical images. Due
to the sensitive nature of the information in medical images it
is essential that the image quality metrics primarily consider
the diagnostic quality of the image instead of other statistical
criterion for evaluation.
The “hybrid” approach which links the objective metrics
with subjective assessment has proven to give a better
diagnostic-oriented quality evaluation. However, the research
in this approach is limited, and hence needs more attention.
The increased adoption of medical videos in healthcare is
facilitated by the rapid advancements in the field of e-Health

and the evolution of healthcare as a service industry. This
enhances the importance of the need for medical video quality
evaluation metrics, not just for image quality evaluation, but
also for the quality evaluation of the service provided as a
whole. The current research could focus more on evaluating
the existing and upcoming image / video compression
standards like JPEG 2000, H.264, HEVC, etc., using various
quality metrics with a goal of achieving diagnostic-quality
oriented assessment. An appropriate quality metric would
enable not only performance evaluation, but also the design of
future medical multimedia services and applications [34] in
line the service goal (diagnosis, treatment, etc.) and the
relevant quality requirements.
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