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a b s t r a c t
Purpose/objective(s): Trismus is caused by injury to the masticatory muscles resulting from cancer or its
treatment. Contouring these muscles to reduce dose and radiation related trismus can be problematic
due to interobserver variability. This study aimed to evaluate the reduction in interobserver variability
achievable with a new contouring atlas.
Materials/methods: The atlas included: medial and lateral pterygoids (MP, LP), masseter (M) and temporalis (T) muscles, and the temporo-mandibular joint (TMJ). Seven clinicians delineated five paired structures on CT scans from 5 patients without the atlas. After 5 weeks, contouring was repeated using the
atlas. Using contours generated by the clinicians on the same 5 CT scans as reference, dice similarity coefficient (DSC), mean distance-to-agreement (DTA) and centre of mass (COM) difference were compared
with and without the atlas. Comparison was also performed split by training grade. Mean and standard
deviation (SD) values were measured.
Results: The atlas reduced interobserver variability for all structures. Mean DTA significantly improved
for MP (p = 0.01), M (p < 0.01), T (p < 0.01) and TMJ (p < 0.01). Mean DTA improved using the atlas for
the trainees across all muscles, with the largest reduction in variability observed for the T (4.3 ± 7.1 v
1.2 ± 0.4 mm, p = 0.06) and TMJ (2.1 ± 0.7 v 0.8 ± 0.3 mm, p < 0.01). Distance between the COM and interobserver variability reduced in all directions for MP and T.
Conclusion: A new atlas for contouring masticatory muscles during radiotherapy planning for head and
neck cancer reduces interobserver variability and could be used as an educational tool.
Ó 2018 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology xxx (2018) xxx–xxx This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Radiotherapy to the head and neck is challenging due to complex anatomy and large number of organs at risk (OARs). Current
radiotherapy techniques such as Intensity Modulated Radiotherapy (IMRT) increase dose conformity allowing improved locoregional tumour control as well as reduced normal tissue effects
⇑ Corresponding author.
E-mail addresses: Christina.hague@christie.nhs.uk (C. Hague), William.beasley@christie.nhs.uk (W. Beasley), lynne.dixon3@nhs.net (L. Dixon), simona.gaito@christie.nhs.uk (S. Gaito), Kate.garcez@christie.nhs.uk (K. Garcez), Andrew.
green-2@manchester.ac.uk (A. Green), lipwai.lee@christie.nhs.uk (L.W. Lee), massimo.maranzano@postgrad.manchester.ac.uk (M. Maranzano), Andrew.mcpartlin@christie.nhs.uk (A. McPartlin), hitesh.mistry@manchester.ac.uk (H. Mistry), damian.
mullan@christie.nhs.uk (D. Mullan), Andrew.sykes@christie.nhs.uk (A.J. Sykes),
david.thomson@christie.nhs.uk (D. Thomson), marcel.vanherk@manchester.ac.uk
(M. Van Herk), Catharine.west@manchester.ac.uk (C.M. West), nick.slevin@christie.
nhs.uk (N. Slevin).

[1,2]. To fully exploit the advantages of IMRT, accurate and consistent target delineation is required. Manual target volume and OAR
delineation are affected by clinician variability [3]. Minimising
interobserver variability will improve the accuracy of the dose
delivered, maximise tumour control, limit toxicities and increase
knowledge of organ at risk (OAR) dose [4–6]. Methods to standardise OAR volumes have been developed including superior imaging techniques, peer review and the development of contouring
atlases [7].
Contouring atlases can help standardise volumes, reduce interobserver variability and improve normal tissue sparing in daily
clinical practice [8–11]. Atlases agreed by an expert panel may
reduce inconsistencies between radiotherapy centres and facilitate
multi-institutional clinical trials [12]. There are a number of atlases
for head and neck cancer: the current Danish Head and Neck
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Cancer Group (DAHANCA), European Organization for Research
and Treatment of Cancer (EORTC) and Radiation Therapy Oncology
Group (RTOG) [12]. One limitation of current published atlases is
the absence of delineation guidelines for the masticatory muscles.
Trismus is defined as a maximum inter-incisor distance of
35 mm and is caused by impaired function of the masticatory
muscles [13]. Trismus can manifest in poor dental hygiene,
impaired chewing, malnutrition and psychological difficulties
including low self-esteem, depression and suicidal intentions,
which all reduce health-related quality-of-life [14,15]. Clinical
assessment of patients is challenging due to a restricted ability to
assess disease status. There are several patient, tumour and treatment related factors for trismus of which radiotherapy is a known
contributor with an incidence in advanced oropharyngeal cancers
of 35–55% [16–20]. Mouth opening is a complex action controlled
by the synergistic actions of the paired muscles of mastication.
These include: medial and lateral pterygoids (MP, LP), masseter
(M), temporalis (T) as well as the temporo-mandibular joint
(TMJ) [21]. The origin, insertion and function of each of the muscles
of mastication are summarised in Supplementary Tables 1a and 1b.
Identifying the masticatory apparatus as an OAR with a view to
avoidance planning will aim to reduce toxicities and improve
quality-of-life. Dosimetric studies showed a relationship between
the severity of trismus with dose and volume of muscle treated
[22]. Despite this there is no standardised defined OAR or dose
threshold for the masticatory muscles for radiotherapy planning
[23]. Within the current literature, inconsistences exist regarding
proposed dose parameters as summarised in Supplementary
Table 2. For example, the largest most recent study by Rao et al
of 421 patients suggested limiting the high dose volume of the ipsilateral MP to V68 Gy < 10 cm3 [16].
Few studies have evaluated the use of delineation guidelines to
improve interobserver variability in contouring OARs. A paper by
Brouwer et al. of 6 head and neck clinicians showed poor compliance with delineation guidelines for the spinal cord, parotid and
submandibular glands was associated with an increase in
interobserver variability [24]. Currently there are no standardised

delineation guidelines for contouring the masticatory muscles
[12]. Accurate delineation of these muscles with a validated atlas
is a prerequisite for high quality radiotherapy planning to improve
consistency, standardise contours and reduce radiation related
trismus. This study aimed to evaluate a novel muscles of mastication atlas to aid clinician contouring, reduce interobserver variability, support training and the development of multi-institutional
clinical trials.

Methods
A muscles of mastication atlas was developed by a multidisciplinary expert team consisting of a consultant radiologist,
maxillo-facial surgeon and clinical oncologists. Using the Pinnacle
(Pinnacle version 9.6, Philips Radiation Oncology Systems, Andover,
MA) treatment planning system, the muscles of mastication (MP,
LP, M, T) and TMJ were contoured on computed tomography (CT)
slices. All muscles were delineated using the soft tissue window
with the exception of the TMJ which was contoured on a bone window. The contours were extracted as DICOM files and converted
into an app using in-house software. The atlas app is shown in
Fig. 1, with a link attached www.bit.ly/trismusatlas (to access the
webpage please open with google chrome version 56 or opera version 43). Included in the atlas app is a table explaining the anatomical boundaries of each component of the muscles of mastication.
Seven head and neck clinicians (five consultants and two trainees not included in the multi-disciplinary team) delineated the
paired muscles of mastication on randomly selected CT scans from
five patients without the atlas. After a minimum gap of five weeks
each clinician was given the atlas and re-contoured the same structures on the same five CT scans.
Contours were created for each patient by the same multidisciplinary team that produced the atlas and used as the reference. In-house software was used to compare clinician-drawn
structures with the reference. Dice similarity coefficient (DSC),
mean distance to agreement (DTA) and the centre of mass

Fig. 1. Overview of the masticatory muscles atlas showing axial (A), sagittal (B) and coronal (C) slices. The right TMJ is not visible on the CT slice shown in Figure. www.bit.ly/
trismusatlas (to access the webpage please open with google chrome version 56 or opera version 43).
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Table 1
Comparison of the contoured volumes of the muscles of mastication without and with
the atlas.

Lateral pterygoids
Medial pterygoids
Masseters
Temporalis’
TMJs

P value

Volume
Mean ± SD
(cm3)
No atlas

Atlas

6.7 ± 1.5
7.7 ± 1.9
19.4 ± 2.1
20.3 ± 6.6
1.7 ± 1.1

6.8 ± 1.2
8.5 ± 1.3
20.1 ± 1.7
28.0 ± 4.3
1.3 ± 0.3

0.70
0.02
0.04
<0.01
<0.01

Abbreviations: SD = standard deviation: TMJ = temporo-mandibular joint.

difference (COM) were evaluated and compared to the reference
for each volume without and with the atlas. DTA was calculated
by measuring the distance from each point on the reference surface
to the closest point on the clinician-drawn surface and combining
into a DTA histogram. The mean DTA was then calculated from this
DTA histogram. The mean and standard deviation (SD) across all
patients were compared without and with the atlas to assess
inter-observer variability. Comparison was also performed split
by training grade. Standard deviation maps were produced to illustrate the variation in structure delineation between clinicians at
each voxel without and with the atlas. The Standard deviation

3

(SD) per voxel is calculated in 3D by combining all clinician contours. All voxels inside a contour are given a value of 1 and all outside the contour are given a value of 0. The standard deviation of
each voxel is calculated to illustrate regions in which there is little
agreement between clinicians: the larger the standard deviation
the larger the disagreement.
Statistical analysis
Analysis was performed using Graph pad prism version 6
(Graph pad software) and Microsoft Office Excel 2010. A paired ttest was used to compare mean DSC, mean DTA and distance to
COM without and with the atlas. Statistical significance was
defined as p  0.05.
Results
The median (range) time between contouring without and with
the atlas across all seven clinicians was 66 (35–145) days. Using
the atlas there was an increase in the mean delineated volumes
for all muscles excluding the TMJ (Table 1). The SD of the contoured volumes significantly reduced using the atlas for the MP
(p = 0.01), T (p = 0.05) and TMJ (p < 0.01). The difference in distance
between the COM and SD reduced significantly in all directions

Fig. 2. Comparison of the Dice similarity coefficient (DSC) for individual clinician manual contours without and with the atlas across the 5 pairs of masticatory muscles. (A)
Lateral pterygoid, (B) Medial pterygoid, (C) Masseter, (D) Temporalis, (E) Temporo-mandibular Joint. Red horizontal bar illustrates the mean, blue bars illustrate the standard
deviation. d equals the difference in absolute mean values.
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Fig. 3. Comparison of the mean Distance to agreement (DTA) of all individual clinician manual contours without and with the atlas for the 5 pairs of masticatory muscles.
Lateral pterygoid, (B). Medial pterygoid, (C). Masseter, (D). Temporalis, (E). Temporo-mandibular Joint. Red horizontal bar illustrates the mean, blue bars illustrate the
standard deviation. d equals the difference in absolute mean values.

with the atlas for the T: anterior-posterior 2.1 ± 1.4 vs
4.7 ± 4.7 mm, p = 0.03; left–right 4.5 ± 3.0 vs 8.7 ± 5.9 mm,
p = 0.03; superior-inferior 3.4 ± 2.8 vs 7.0 ± 4.7 mm, p = 0.05. No
significant difference in the COM distance was observed with the
atlas for the LP, MP and M.
Mean DSC significantly improved using the atlas for the LP
(0.8 ± 0.1 vs 0.8 ± 0.1 p < 0.01), MP (0.7 ± 0.2 vs 0.7 ± 0.2, p < 0.01),
T (0.7 ± 0.2 vs 0.8 ± 0.1, p < 0.01) and TMJ (0.6 ± 0.2 vs 0.8 ± 0.1,
p < 0.01). No significant improvement in mean DSC was observed
using the atlas for the M (0.9 ± 0.1 vs 0.9 ± 0.0, p = 0.27) (Fig. 2).
Mean DTA improved using the atlas for all muscles, reaching
significance for the MP (3.5 ± 4.1 mm vs 3.0 ± 3.8, p = 0.01), M
(1.4 ± 0.4 vs 1.2 ± 0.4, p < 0.01), T (5.4 ± 5.6 vs 1.6 ± 1.7 mm,
p < 0.01) and TMJ (1.7 ± 1.2 vs 0.9 ± 0.7 mm, p < 0.01), see Fig. 3.
Using the atlas, the mean DTA improved for the LP but the variability increased, however this was not significant (1.5 ± 0.5 vs
1.4 ± 0.7 mm, p = 0.09).
Fig. 4 illustrates standard deviation maps on representative
slices for the M and T for a single patient. Regions in which there
is variation between clinician contours are shown in varying
degrees of blue – the darker the shade of blue the larger the variation. The atlas reduced the variation between clinicians for the
T particularly at the cranial and caudal aspects of the muscle.
The reduction in variability with the atlas was smaller for the M.

Table 2 shows the analysis of the mean ± SD DTA without and
with the atlas performed according to clinician training grade. An
improvement in mean DTA using the atlas was observed by the
trainees across all masticatory muscles, with the largest improvement and reduction in variability noted for the T (4.3 ± 7.1 v
1.2 ± 0.4 mm, p = 0.06) and TMJ (2.1 ± 0.7v 0.8 ± 0.3 mm, p < 0.01).
Discussion
This prospective study is the first to test the feasibility of a
novel atlas of muscles of mastication for contouring in head and
neck radiotherapy. Feasibility was defined as a reduction in interobserver variability. This study showed the atlas: (i) improved spatial overlap and alignment of contours for the LP, MP, T and TMJ;
and (ii) improved consistency in contouring of all masticatory
muscles by the trainees.
Radiation induced trismus is a significant cause of treatment
related morbidity [25]. The main application of contouring the
masticatory apparatus as an avoidance structure is for tumours
not infiltrating the muscles in order to spare normal healthy tissue.
Clinician variation in OAR contouring may lead to over dosage of
the muscles of mastication and as a consequence trismus and poor
quality of life. There is overlap between the development of trismus and other health-related quality of life variables. In a paper
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Fig. 4. Comparison of standard deviation maps showing the variation in structure delineation between clinicians at each voxel without (top row) and with (bottom row) the
atlas. The left hand column shows the standard deviation maps for the masseter, and the right hand column shows the standard deviation maps for the temporalis. The red
contours indicate the reference delineation which were agreed upon by the multi-disciplinary team.

Table 2
Comparison of DTA without and with the atlas between trainee and consultant grade.
Trainees

Lateral pterygoids
Medial pterygoids
Masseters
Temporalis’
TMJs

Consultants

Mean ± SD DTA (mm)
No atlas

Atlas

1.1
3.4
1.3
4.3
2.1

1.1
2.3
1.2
1.2
0.8

(0.5)
(3.9)
(0.4)
(7.1)
(0.7)

P value
(0.40)
(3.1)
(0.3)
(0.4)
(0.3)

0.06
0.34
0.46
0.06
<0.01

Mean ± SD DTA (mm)
No atlas

Atlas

1.5
3.5
1.4
5.9
1.6

1.5
3.5
1.2
1.8
1.0

(0.6)
(4.2)
(0.4)
(4.8)
(1.4)

P value
(0.7)
(4.2)
(0.4)
(2.0)
(0.8)

0.68
0.97
0.12
<0.01
<0.01

Abbreviations: DTA = distance to agreement; SD = standard deviation; TMJ = temporo-mandibular joint.

by Lee et al functional deficits such as taste disturbance, pain, dry
mouth and social functioning were increased in patients with trismus [26].
The masticatory muscles are not routinely contoured as avoidance structures. This is partly due to insufficient understanding
and consensus on dose–response relationships and a lack of standardized volumes for radiotherapy planning [13,16,18,27]. Correct
identification of the TMJ as an avoidance structure is important to
prevent and delay development of trismus, particularly in
nasopharynx cancers [28,29]. Improving the standardisation of
contouring the MP, T and TMJ will enhance consistency in the
study of dose–response relationships [21].
In our study use of the atlas was shown to significantly reduce
the mean and SD for DSC and DTA suggesting an improvement in
interobserver variability for the MP, T and TMJ. Although the
improvement in mean DTA was clinically significant, there was
only a small improvement in SD (1.2 ± 0.4 vs 1.4 ± 0.4 mm) with
the atlas observed for the M. Clinicians are more experienced in
contouring the M and anatomically it is easier to define. Using
the atlas, consistency in contouring did not significantly improve
for the LP. An increase in the mean volume was observed for all
contoured muscles using the atlas excluding the TMJ. The TMJ is
defined by bone limits and was thus contoured using the atlas on

the CT bone window. The reduction in TMJ volume and significant
improvement in contouring consistency (DTA and DSC) may be
explained by the superior visualisation of the bone and joint structures. Using the atlas, improvements in mean DSC and mean DTA
were noted for the TMJ (0.6 ± 0.2 vs 0.8 ± 0.1, p < 0.01) and
(1.7 ± 1.2 vs 0.9 ± 0.7 mm, p < 0.01) respectively. The improvement
in mean DTA is a large significant change for a small, flat structure.
Furthermore, the increase in DSC was despite a reduction in volume with the atlas. DSC is correlated with volume so the large
increase observed here was a direct result of the atlas. There is
no consensus on which metrics should be used for assessing
inter-observer variation, and so for the present study both a
volume-based (DSC) and surface-based (DTA) approach were used.
The atlas significantly improved consistency of contours at the
muscle extremities in particular the T as shown in Fig. 4. There is
currently no established dose–response relationship for the T muscle and no consensus as to which masticatory muscles are important in the development of trismus. The T muscle was identified by
the MDT team as being an important masticatory muscle and
therefore included in the atlas.
Using the atlas, there was a reduction in variability of contours
of all muscles by the trainees, in contrast with the consultants that
only more consistently contoured the T and TMJ. The improvement
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in consistency across all muscles by the trainees implies the benefit
of the atlas as an educational tool for trainees including dosimetrists. The atlas may also be used by other radiotherapy centres
to improve consistency, knowledge and establish collaborations
to aid the development of multi-institutional clinical trials.
Development of NTCP models can be facilitated by generating
agreement in dose constraint parameters, facilitated by a greater
consistency in contouring the muscles of mastication. The reduction in variability in contouring the muscles of mastication may
translate into a reduction in variability in reported dose to these
structures [30]. It is beyond the scope of the present study however
to determine the dosimetric effects of reduced clinician interobserver variation. Future studies to integrate the atlas into an
auto-contouring model to reduce inter and intraobserver variability and minimise time constraints should also be considered [31].
Improving consistency of contours of the MP, T and TMJ will help
standardise volumes, develop more precise dosimetric parameters
which can be implemented into avoidance radiotherapy planning
to potentially improve radiation related trismus and quality of life
[21].
Whilst this is the first paper to our knowledge that uses a novel
atlas for the muscles of mastication to evaluate interobserver variability, the study did not explore intraobserver variability or time
constraints. The study only involved CT scan images of five
patients, however as seven clinicians contoured each plan, a good
measure of interobserver variability was obtained. Established
dose–response relationships will be facilitated by a more consistent clinician approach to contouring the masticatory muscles.
Future studies with greater consistency in contouring and larger
numbers are required to further evaluate dose constraints.
A novel atlas has been developed to contour the masticatory
muscles during head and neck radiotherapy planning. The atlas
has been shown to significantly reduce interobserver variability
for the MP, T and TMJ. The atlas could be considered as an education tool to improve knowledge amongst trainees and provide contouring consistency to aid the development of multi-institutional
clinical trials. The atlas has been developed into an app for wider
distribution amongst radiotherapy centres. Reducing interobserver
variability and standardising treatment volumes will improve the
accuracy of avoidance planning and potentially reduce radiation
related trismus.

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

Conflicts of interest
[24]

None.
[25]

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radonc.2018.10.030.

[26]

[27]

References
[1] Gomez-Millan J, Fernández JR, Medina Carmona JA. Current status of IMRT in
head and neck cancer. Reports Pract Oncol Radiother J Gt Cancer Cent Pozn
Polish Soc Radiat Oncol 2013;18:371–5.
[2] Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA, Clark C, et al.
Parotid-sparing intensity modulated versus conventional radiotherapy in head
and neck cancer (PARSPORT): a phase 3 multicentre randomised controlled
trial. Lancet Oncol 2011;12:127–36.
[3] Lim JY, Leech M. Use of auto-segmentation in the delineation of target volumes
and organs at risk in head and neck. Acta Oncol 2016;55:799–806.
[4] Loo SW, Martin WMC, Smith P, Cherian S, Roques TW. Interobserver variation
in parotid gland delineation: A study of its impact on intensity-modulated
radiotherapy solutions with a systematic review of the literature. Br J Radiol
2012;85:1070–7.
[5] Anderson CM, Sun W, Buatti JM, Maley JE, Policeni B, Mott SL, et al.
Interobserver and intermodality variability in GTV delineation on simulation

[28]

[29]

[30]

[31]

CT, FDG-PET, and MR Images of Head and Neck Cancer. Jacobs J Radiat Oncol
2014;1:006.
Segedin B, Petric P. Uncertainties in target volume delineation in radiotherapy
– Are they relevant and what can we do about them? Radiol Oncol
2016;50:254–62.
Vinod SK, Min M, Jameson MG, Holloway LC. A review of interventions to
reduce inter-observer variability in volume delineation in radiation oncology.
Vol. 60. J Med Imaging Radiat Oncol 2016:393–406.
Choi M, Refaat T, Lester MS, Bacchus I, Rademaker AW, Mittal BB. Development
of a standardized method for contouring the larynx and its substructures.
Radiat Oncol 2014;9.
Pirozzi S, Horvat M, Piper J, Nelson A. SU-E-J-106: Atlas-based segmentation:
evaluation of a multi-atlas approach for lung cancer. Med Phys 2012:3677.
Daisne J-F, Blumhofer A. Atlas-based automatic segmentation of head and neck
organs at risk and nodal target volumes: a clinical validation. Radiat Oncol
2013;8:154.
Hansen CR, Johansen J, Samsøe E, Andersen E, Petersen JBB, Jensen K, et al.
Consequences of introducing geometric GTV to CTV margin expansion in
DAHANCA contouring guidelines for head and neck radiotherapy. Radiother
Oncol 2017.
Brouwer CL, Steenbakkers RJHM, Bourhis J, Budach W, Grau C, Grégoire V, et al.
CT-based delineation of organs at risk in the head and neck region: DAHANCA,
EORTC, GORTEC, HKNPCSG, NCIC CTG, NCRI, NRG Oncology and TROG
consensus guidelines. Radiother Oncol 2015;117:83–90.
Dhanrajani P, Jonaidel O. Trismus: aetiology, differential diagnosis and
treatment. Dent Updat 2002;29:88–92. 94.
Zeller JL. High suicide risk found for patients with head and neck cancer. J Am
Med Assoc 2006;296:1716–7.
Lee R, Yeo ST, Rogers SN, Caress AL, Molassiotis A, Ryder D, et al. Randomised
feasibility study to compare the use of Therabite with wooden spatulas to
relieve and prevent trismus in patients with cancer of the head and neck. Br J
Oral Maxillofac Surg 2018.
Rao SD, Saleh ZH, Setton J, Tam M, McBride SM, Riaz N, et al. Dose-volume
factors correlating with trismus following chemoradiation for head and neck
cancer. Acta Oncol 2016;55:99–104.
Teguh DN, Levendag PC, Voet P, Van Der Est H, Noever I, De Kruijf W, et al.
Trismus in patients with oropharyngeal cancer: Relationship with dose in
structures of mastication apparatus. Head Neck 2008;30:622–30.
Van Der Molen L, Heemsbergen WD, De Jong R, Van Rossum MA, Smeele LE,
Rasch CRN, et al. Dysphagia after chemoradiotherapy Dysphagia and trismus
after concomitant chemo-Intensity-Modulated Radiation Therapy (chemoIMRT) in advanced head and neck cancer; Dose-effect relationships for
swallowing and mastication structures. Radiother Oncol 2013;106:364–9.
Pauli N, Johnson J, Finizia C, Andréll P. The incidence of trismus and long-term
impact on health-related quality of life in patients with head and neck cancer.
Acta Oncol 2013;52:1137–45.
Beasley W, Thor M, McWilliam A, Green A, Mackay R, Slevin N, et al. Imagebased data mining to probe dosimetric correlates of radiation-induced
trismus. Int J Radiat Oncol Biol Phys 2018.
De Felice F, Musio D. Tombolini V. Mastication structures definition in head
and neck cancer. Vol. 118. Radiother Oncol 2016:419.
Hague C, Beasley W, Garcez K, Lee LW, McPartlin A, McWilliam A, et al.
Prospective evaluation of relationships between radiotherapy dose to
masticatory apparatus and trismus. Acta Oncol (Madr) 2018:1–5.
Goldstein M, Maxymiw WG, Cummings BJ, Wood RE. The effects of antitumor
irradiation on mandibular opening and mobility: a prospective study of 58
patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1999;88:365–73.
Brouwer CL, Steenbakkers RJHM, van den Heuvel E, Duppen JC, Navran A, Bijl
HP, et al. 3D Variation in delineation of head and neck organs at risk. Radiat
Oncol 2012;7.
Loh SY, Mcleod RWJ, Elhassan HA. Trismus following different treatment
modalities for head and neck cancer: a systematic review of subjective
measures. Eur Arch Otorhinolaryngol 2017;274:2695–707.
Lee R, Slevin N, Musgrove B, Swindell R, Molassiotis A. Prediction of posttreatment trismus in head and neck cancer patients. Br J Oral Maxillofac Surg
2012;50:328–32.
Gebre-Medhin M, Haghanegi M, Robért L, Kjellén E, Nilsson P. Dose-volume
analysis of radiation-induced trismus in head and neck cancer patients. Acta
Oncol 2016;55:1313–7.
Zheng Y, Han F, Xiao W, Xiang Y, Lu L, Deng X, et al. Analysis of late toxicity in
nasopharyngeal carcinoma patients treated with intensity modulated
radiation therapy. Radiat Oncol 2015;10:17.
Wu VWC, Lam Y-N. Radiation-induced temporo-mandibular joint disorder in
post-radiotherapy nasopharyngeal carcinoma patients: assessment and
treatment. J Med Radiat Sci 2016;63:124–32.
Beasley W, McWilliam A, Aitkenhead A, Mackay RI, Rowbottom CG. The
suitability of common metrics for assessing parotid and larynx
autosegmentation accuracy. J Appl Clin Med Phys 2016.
Teguh DN, Levendag PC, Voet PWJ, Al-Mamgani A, Han X, Wolf TK, et al.
Clinical validation of atlas-based auto-segmentation of multiple target
volumes and normal tissue (swallowing/mastication) structures in the head
and neck. Int J Radiat Oncol Biol Phys 2011;81:950–7.

Please cite this article in press as: Hague C et al. Use of a novel atlas for muscles of mastication to reduce inter observer variability in head and neck radiotherapy contouring. Radiother Oncol (2018), https://doi.org/10.1016/j.radonc.2018.10.030

