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a b s t r a c t
Background and purpose: Accurate conformal radiotherapy treatment requires manual delineation of target volumes and organs at risk (OAR) that is both time-consuming and subject to large inter-user variability. One solution is atlas-based automatic segmentation (ABAS) where a priori information is used to
delineate various organs of interest. The aim of the present study is to establish the accuracy of one such
tool for the head and neck (H&N) using two different evaluation methods.
Materials and methods: Two radiotherapy centres were provided with an ABAS tool that was used to outline the brainstem, parotids and mandible on several patients. The results were compared to manual
delineations for the ﬁrst centre (EM1) and reviewed/edited for the second centre (EM2), both of which
were deemed as equally valid gold standards. The contours were compared in terms of their volume, sensitivity and speciﬁcity with the results being interpreted using the Dice similarity coefﬁcient and a receiver operator characteristic (ROC) curve.
Results: Automatic segmentation took typically 7 min for each patient on a standard PC. The results
indicated that the atlas contour volume was generally within ±1SD of each gold standard apart from
the parotids for EM1 and brainstem for EM2 that were over- and under-estimated, respectively (within
±2SD). The similarity of the atlas contours with their respective gold standard was satisfactory with an
average Dice coefﬁcient for all OAR of 0.68 ± 0.25 for EM1 and 0.82 ± 0.13 for EM2. All data had satisfactory sensitivity and speciﬁcity resulting in a favourable position in ROC space.
Conclusions: These tests have shown that the ABAS tool exhibits satisfactory sensitivity and speciﬁcity for
the OAR investigated. There is, however, a systematic over-segmentation of the parotids (EM1) and
under-segmentation of the brainstem (EM2) that require careful review and editing in the majority of
cases. Such issues have been discussed with the software manufacturer and a revised version is due
for release.
Crown Copyright Ó 2009 Published by Elsevier Ireland Ltd. All rights reserved. Radiotherapy and
Oncology xxx (2009) xxx–xxx

Recent advances in 3D conformal radiotherapy allow precise
delivery of radiation dose to the tumour volume whilst maintaining sparing of normal tissue [1]. These advances demand accurate
quantiﬁcation of dose received to both the target volume and organs at risk (OAR) that is achieved via accurate volume delineation
and dose-volume histogram (DVH) analysis from a treatment plan* Corresponding author. Address: Radiotherapy Physics, Leicester Royal
Inﬁrmary, University Hospitals of Leicester, Inﬁrmary Close, Leicester, LE1 5WW,
UK.
E-mail address: richard.w.sims@uhl-tr.nhs.uk (R. Sims).
1
Present address: Children’s Hospital, Boston, MA, USA.

ning system (TPS). This becomes extremely important with techniques such as intensity modulated radiotherapy (IMRT) where it
is possible for a large number of OAR to be ‘‘bathed” in regions of
absorbed dose when striving for increased conformity. In such situations considerable clinician contouring is required that is both
time-consuming and exhibits a high degree of inter-user variability
[2,3,and references therein]. The development of robust automatic
segmentation tools could therefore be used to accurately and
reproducibility delineate all OAR to allow more time for the
clinician to delineate the target volume and attend to other aspects
of the patient’s treatment.
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ABAS tool for the H&N

Automatically segmenting human anatomy from medical
images is a long standing problem and is where radiotherapy treatment planning has been a major driving force in the development
of robust algorithms and techniques [4]. The vast majority of systems designed for use in radiotherapy treatment planning are
based on semi-automatic techniques that solve the partial problem
of anatomy segmentation using a priori information such as an
anatomical atlas [4,and references therein] Such tools will become
increasingly important in the future where treatment solutions
involving image-guided and adaptive radiotherapy will require
very fast and robust registration algorithms to adapt patient and
organ position and shape online [5,6]. The problem with medical
images is that each patient’s anatomy is different, and each patient’s organs vary on a daily basis in size, position, shape and composition. Combined with this is the variation in image quality
between successive acquisitions and different patients. Several
teams of researchers have developed and/or evaluated automatic
segmentation techniques for the brain [7–9] and the H&N [10,11]
with the development of techniques for other anatomical sites
being challenging due to increased soft-tissue deformity and respiratory motion.
This paper describes an evaluation of an atlas-based automatic
segmentation (ABAS) tool (Version 3.1 ISOgrayTM ABAS system by
DOSIsoft) for the H&N. To the author’s knowledge, only two clinical
evaluations have previously been published for various H&N OAR
[6,12].

the ISOgrayTM ABAS tool. All patients were CT scanned locally using
standard H&N scanning protocols with slice thicknesses of between 2.5 and 3.0 mm and the patient’s head immobilized using
a thermoplastic shell. The CT data were subsequently imported
into the ISOgrayTM system and the ABAS tool was run for the mandible, brainstem and parotids. The OAR were either manually
delineated by two experts (FB, VG; referred to as evaluation method 1, EM1) or the original atlas contours were reviewed and edited
as necessary (LF; referred to as evaluation method 2, EM2). Both
sets of clinician contours were deemed as equally valid gold standard against which the atlas results were compared. All these data
were made available to the investigating physicists who performed
the analysis using the methods described below.
Analysis procedure
The performance of the ABAS tool was assessed quantitatively
by comparing the results with clinician contours from the EM1
and EM2. The difference between the atlas volume Vatlas and the
gold standard volume Vgs was determined for each study and
OAR by evaluating:

DV ¼



V atlas  V gs
 100%
V gs

ð1Þ

Materials and methods

with positive or negative results indicating that the atlas contour
volume has been over- or under-estimated, respectively. The sensitivity se and speciﬁcity sp of the atlas contours were determined by
evaluating:

The ISOgrayTM ABAS tool

se ¼

TP
TP þ FN

ð2Þ

sp ¼

TN
TN þ FP

ð3Þ

The ISOgrayTM ABAS tool is constructed from a database of 45
node-negative pharyngeal-laryngeal squamous cell carcinoma patients that were delineated by the Radiation Oncology Department
of Saint Luc University Hospital – Catholic University of Louvain
(UCL) using guidelines given by [13,14]. The construction of the
ABAS tool is performed in three steps [10]. The ﬁrst step involves
the construction of an unbiased mean image from the database
of patients by determining the transformation of each CT dataset
to a reference image using a similar method to [15]. The second
step involves applying the previously determined transformations
to each set of manually outlined contours to transform them to the
reference image before using an Expectation Maximisation (EM)
algorithm to determine the mean contours. The third and ﬁnal step
involves symmetrising the mean image and contours to avoid discrepancies when registering with a patient. The symmetrized atlas
can then be adapted onto a patient’s CT data to produce a set of
automatically segmented contours tailored to that patient. This
process involved two steps; the ﬁrst is a global afﬁne transformation between the patient and the mean atlas image using a robust
block-matching registration algorithm [16]. The remaining local
deformations due to inter-patient variability are recovered using
a nonlinear registration method. The resulting transformation
matrix is then applied to the atlas contours to produce the new
patient contours. Further information can be found in [10,17]. This
ABAS tool allows automatic segmentation of brainstem, spinal
cord, mandible, sub maxillary glands, lymph nodes level II to IV
and parotids. In the present work, only the brainstem, mandible
and parotid automatic segmentations were studied.
Evaluation methodology
A retrospective study of 6 (3 IGR + 3 UCL) and 7 (UHCW) patients who previously underwent a radical course of conformal
radiation therapy to the H&N region has been performed using

where TP, TN, FP and FN are the true positive, true negative, false positive and false negative volumes of the atlas contour, respectively,
shown schematically in Fig. 1. If the TN volume is simply taken as
being outside the gold standard and atlas volume, but within the
patient surface contour, the speciﬁcity will always tend to unity
owing to the relative size of these volumes. This has been overcome
by deriving a more comparable TN volume by determining the
average of the atlas and the gold standard volume for each evaluation method.
If the atlas contour is an exact match in terms of size, shape and
position to the gold standard the sensitivity and speciﬁcity will
tend towards unity, whereas if the contours are completely differ-

Vgs

FN

TN

TP

FP

Vatlas
Fig. 1. Schematic illustrating the true positive (TP), true negative (TN), false positive
(FP) and false negative (FN) volumes in relation to the gold standard (Vgs shown in
dark grey) and atlas (Vatlas shown in light grey) volume.
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ent with no intersection the sensitivity and speciﬁcity will tend towards zero. Sensitivity or speciﬁcity, in isolation, only tells half the
story and so the results have been combined in the form of a receiver operator characteristics (ROC) curve that plots the true positive
rate (sensitivity) versus the false positive rate (1 – speciﬁcity).
The similarity between the atlas and gold standard contours has
been quantiﬁed on a voxel-by-voxel basis for each OAR by using
the Dice similarity coefﬁcient (DSC) [18]. The DSC has been determined by evaluating:

DSC ¼

2jV atlas \ V gs j
2TP
¼
V atlas þ V gs
2TP þ FN þ FP

ð4Þ

where a weighting of two is given to intersections of the atlas and
gold standard volume. It has been shown that the use of the DSC
is appropriate in comparison-of-agreement studies, speciﬁcally image registration [19], with MRI studies suggesting DSC values >0.70
represent good agreement [20].
Results
The ABAS tool was used on all patients to outline the OAR of
interest without any user intervention. The registration process
took 7 min on a standard PC (2.16 GHz single core processor,
2.0 Gb RAM), which is considerably less than a typical time of
approximately 1 h to manually delineate (EM1) or review and edit
(EM2) the atlas contours. It is important that the results of the atlas
require minimal ﬁnal adjustment to ensure that the time-saving
potential of the system is realised. An example illustrating all contours from both studies is shown in Fig. 2.

3

The atlas and gold standard volumes for all OARs and both evaluation methods are shown in Fig. 3. The results suggest that the
majority of atlas volumes are within ± 1SD of each gold standard
apart from the parotids for EM1 and the brainstem for EM2 that
were over- and under-estimated, respectively. The average volume
difference between the atlas and each gold standard volume is
shown in Table 1 for each OAR and evaluation method. The ratio
of FP and FN volume to atlas volume, also shown in Table 1, illustrates how all OAR for EM1 are dominated by a high incidence of
false positive volumes whereas the proportion of false negative
volumes is consistent for all OAR and all evaluation methods.
The DSC results shown in Table 2 show how the result for the
mandible is similar between evaluation methods whereas the
DSC is smaller for all other OAR in the EM1 study. This is because
the DSC is inversely proportional to the sum of both the false positive and false negative volumes (see Eq. (4)). The sensitivity and
speciﬁcity results shown in Table 3 indicate how the sensitivity
of all OAR is similar for both evaluation methods, whereas the
speciﬁcity is signiﬁcantly lower for EM1. This is consistent with
the FP/Atlas and FN/Atlas results shown in Table 1 and the DSC results shown in Table 2. The sensitivity and speciﬁcity results have
been combined into the ROC curve shown in Fig. 4. All the results
are located within the upper-left quadrant of ROC space with the
EM1 results displaced further towards the right due to the increased proportion of the atlas volume being false positive.
It is important to ensure that the variability in clinician outlining ability, and selected patients, is small. This has been determined by calculating the coefﬁcient of variation (CV), deﬁned as
the ratio of the standard deviation to mean OAR volume, for the
different clinician and patient combinations. The inter-patient

Fig. 2. Typical results for one patient used in this study. ‘VG’ and ‘FB’ correspond to the two clinicians from the EM1 study, ‘LF’ corresponds to the clinician from the EM2
study and ‘Atlas’ corresponds to the ABAS generated contours (dashed) corresponds to the ABAS generated contours.

Please cite this article in press as: Sims R et al. A pre-clinical assessment of an atlas-based automatic segmentation tool for the head and neck Radiother
Oncol (2009), doi:10.1016/j.radonc.2009.08.013

ARTICLE IN PRESS
4

ABAS tool for the H&N
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Fig. 3. A comparison between the gold standard and atlas volume for the four OAR
and two evaluation methods. The diagonal dashed line indicates the region where
the gold standard and atlas volumes are equal, with data above or below this line
indicating where the atlas volume has been under-estimated or over-estimated
respectively (±1SD). Red, yellow and green shaded areas correspond to the
mandible, parotids and brainstem OAR, respectively.

Table 1
The average percentage volume difference (DV) between the atlas and gold standard
contours for all OAR and both evaluation methods. The magnitude of error associated
with these measurements can be seen in Fig. 3. Also shown is the ratio FP/Atlas and
FN/Atlas that helps identify large proportions of the atlas volume that are deemed as
either false positive or false negative, respectively (±1SD).
OAR

EM1

EM2

DV (%) FP/Atlas
Brainstem
Mandible
Left Parotid
Right Parotid

2.1
+7.1
+49.8
+70.7

0.43 ± 0.18
0.24 ± 0.08
0.42 ± 0.13
0.47 ± 0.13

FN/Atlas

DV (%) FP/Atlas

0.41 ± 0.42
0.18 ± 0.09
0.09 ± 0.09
0.06 ± 0.06

30.2
11.6
1.6
+1.2

0.06 ± 0.04
0.13 ± 0.04
0.15 ± 0.11
0.15 ± 0.08

FN/Atlas
0.49 ± 0.16
0.26 ± 0.11
0.17 ± 0.09
0.13 ± 0.11

Table 2
The DSC results for the four OAR of interest (±1SD).
OAR

DSC

Brainstem
Mandible
Left Parotid
Right Parotid

EM1

EM2

0.58 ± 0.20
0.78 ± 0.06
0.69 ± 0.09
0.66 ± 0.10

0.77 ± 0.07
0.82 ± 0.04
0.84 ± 0.07
0.86 ± 0.07

Table 3
Sensitivity and speciﬁcity results for the four OAR and two different evaluation
methods (±1SD).
OAR

Brainstem
Mandible
Left Parotid
Right Parotid

Sensitivity

Speciﬁcity

EM1

EM2

EM1

EM2

0.63 ± 0.33
0.81 ± 0.06
0.88 ± 0.09
0.91 ± 0.06

0.63 ± 0.10
0.83 ± 0.13
0.89 ± 0.07
0.91 ± 0.09

0.68 ± 0.10
0.80 ± 0.07
0.64 ± 0.09
0.60 ± 0.09

0.98 ± 0.02
0.95 ± 0.03
0.89 ± 0.09
0.91 ± 0.07

variability is shown in Table 4, illustrating the similarity between
the two evaluation methods (well within ± 1SD) for all OAR apart
from the brainstem where the patient variation for EM1 was significantly greater. The intra-clinician variability for EM1 and the clinician variability between the two studies (using a common patient),
was smaller than the inter-patient variability and is not deemed
signiﬁcant.

Fig. 4. True positive versus false positive rate for the four OAR and two evaluation
methods. All results are clustered in the top left-hand corner of the plot that
corresponds to high sensitivity and speciﬁcity (all ± 1SD). Red, yellow and green
shaded areas correspond to the mandible, parotids and brainstem OAR,
respectively.

Table 4
Inter-patient variability, in terms of the coefﬁcient of variation (CV) for the two
different evaluation methods (±1SD).
OAR

EM1 CV

EM2 CV

Brainstem
Mandible
Left parotid
Right parotid

0.46 ± 0.01
0.18 ± 0.07
0.30 ± 0.07
0.31 ± 0.08

0.12
0.16
0.28
0.28

Discussion
This evaluation study has presented the ﬁrst results assessing
the accuracy of version 3.1 of the ISOgrayTM ABAS tool for the H&N.
The volume of the atlas contours for the majority of OAR is within ± 1SD of the gold standard regardless of which evaluation method
was used. There are deviations from this for both parotids from the
EM1 study and the brainstem from the EM2 study where the atlas
volume was over- and under-estimated, respectively. The brainstem volume was under-estimated by the EM2 study due to the
large proportion of the atlas contour that was deemed as false negative. Close inspection of the contours indicated that this was not
due to poor conformity between the atlas and gold standard, but
to a lack in superior extent of the atlas contour. This is due to the
superior restriction of the CT data used to construct the brainstem
contour within the atlas causing an underestimation of brainstem
extent and volume. This can be seen in the sagittal view shown in
Fig. 2 (see electronic version for colour reproduction). This was also
the case for the EM1 study although the volume results were
masked by the increased proportion of the atlas brainstem volume
that was classiﬁed as false positive (see Table 1).
The parotid volume was over-estimated in the EM1 study with
inspection of the contours indicating that this was a global overestimation and not restricted to any particular direction. A similar
result was identiﬁed by [10] where one patient was removed
during the construction of the atlas and later the atlas was registered to this patient. A possible reason for over-segmentation
was suggested to be a combination of registration discrepancies related to patient and clinician variability within the ABAS tool. It
was suggested that the intra-patient variability could be reduced
by creating sub-populations within the atlas that can be chosen
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depending on various characteristics of a given patient. The interpatient variability for the parotids was very similar for both studies
and so this is not likely to be the cause (see Table 4). The lack of
parotid over-segmentation in the EM2 study may be related to
the characteristics of the patients (e.g., neck fat) being more closely
matched to those that constructed the atlas, although there is also
likely to be a bias towards the atlas contours because they were
used as a ﬁrst approximation prior to review and edit.
It is important to understand the volume discrepancies identiﬁed for the parotids in terms of the change in contour that would
be required to observe such differences. [7] interpreted that the
over-estimation and underestimation of volumes in terms of the
margin to be applied to the automatic segmented volume to correspond to the gold standard volume. This analysis can be applied to
the parotids for the EM1 study if one assumes the parotid can be
approximated as a prolate ellipse. In this case the atlas contours
have globally over-estimated the parotid volume by between 2.5
and 3.3 mm. This is not signiﬁcant in the superior/inferior direction
owing to CT slice thickness but it becomes increasingly important
in the anterior/posterior and right/left directions. This global systematic over-segmentation of the parotids is due to be rectiﬁed
in a future version of the software by ‘‘eroding” the atlas contour
using a morphological mathematical operation (private communication A. Isambert).
The DSC results summarised in Table 2 indicate that the coefﬁcient for the brainstem and parotids is lower for EM1 whereas the
values for the mandible are very similar. Inspection of Tables 1 and
3 indicates that the sensitivity for both the EM1 and EM2 studies
were consistent with one another whereas the speciﬁcity for
EM1 is considerably lower due to an increased proportion of atlas
contours being false positive due to the over-segmentation. The
DSC value for the brainstem for the EM1 study is relatively low
due to the large false positive and false negative volumes, but is
also very variable due to a large inter-patient variability with a
CV of 0.46 ± 0.01 compared to 0.12 for the EM2 study (see Table
4). The DSC results for the parotids for EM1 can clearly be attributed to over-segmentation with an increased proportion of false
positive volumes (see Tables 1 and 2). This difference in DSC may
again be related to either a bias towards accepting the atlas contours for the EM2 study, or due to a better match between the
EM2 patients and those that constructed the atlas. Despite these
differences all data points occur in the upper-left quadrant of
ROC space where the values of sensitivity and speciﬁcity are such
that an acceptable sparing of OAR and coverage of a planning target volume (PTV) can be expected [7].
Conclusions
The efﬁcacy of the ISOgrayTM H&N ABAS tool has been successfully evaluated using two different methods from two different
centres for node-negative patients who had previously undergone
a radical course of 3D conformal radiotherapy. The results demonstrated that all data are positioned in the favourable quadrant of
ROC space for the delineation of OAR of interest in this study.
The average DSC values for all organs was 0.68 ± 0.25 and
0.82 ± 0.13 for the EM1 and EM2 study, respectively, representing
satisfactory agreement between the atlas and respective gold standard volumes. It is noted, however, that there was a tendency for
the ABAS tool to over-segment the parotids and brainstem in the
EM1 study that was not observed to the same extent with the
EM2 study. This is largely due to the inherent bias in the EM2 study
where the atlas contours were used as a ﬁrst approximation prior
to review and edit, although different patient characteristics between the two studies may also be a factor. The atlas-derived

5

brainstem contour for both studies suffered a premature termination in the superior direction that was attributed to the lack of atlas
data. These issues have been discussed with the manufacturer and
it is suggested that for the majority of cases careful review and
editing would be required for sufﬁcient sparing of the OAR which
were studied as well as coverage of the PTV. The amount of ﬁnal
review and editing required would have a bearing on whether
the time-saving potential of the system would prove a net beneﬁt
to clinical workload.
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