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Abstract

Background and Purpose—In this study we investigated the ability of textures from T1-

weighted MRI scans post-contrast (T1wpost) to identify the critical muscle(s) for radiation-induced 

trismus.

Materials and Methods—The study included ten cases (Trismus: ≥Grade 1), and ten age-sex-

tumor-location-and-stage-matched controls treated with intensity-modulated radiotherapy to 

70Gy@2.12Gy in 2005–2009. Trismus status and T1wPost were conducted within one year post-

radiotherapy. For the masseter, lateral and medial pterygoids, and temporalis (M/LP/MP/T), 24 

textures were extracted (Grey Level Co-Occurrence (GLCM), Histogram, and Shape). Univariate 

logistic regression with Bootstrapping (1000 populations) was applied to compare the muscle 

mean dose (Dmean) and textures between cases and controls (ipsilateral muscles); candidate 

predictors were suggested by an average p≤0.20 across all Bootstrap populations.

Results—Dmean to M/LP/MP (p=0.03/0.14/0.09), one MP/T (p=0.12/0.17), and three M 
(p=0.14–0.19) textures were candidate predictors. Three of these textures were GLCM- and two 

Histogram textures with the former being generally higher and the latter lower for cases compared 

to controls. The Dmean to M and MP, and Haralick Correlation (GLCM) of MP presented with the 

best discriminative ability (area under the receiver-operating characteristic curve: 0.85, 0.77, and 

0.78), and the correlation between Dmean and this texture was weak (Spearman’s rank correlation 

coefficient: 0.26–0.27).

Conclusions—Our exploratory study points towards an interplay between the dose to the 

masseter, and the medial pterygoid together with the local relationship between the mean MRI 

intensity relative to its variance of the medial pterygoid for radiation-induced trismus. This opens 
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up for exploration of this interplay within the radiation-induced trismus etiology in the larger 

multi-institutional setting.
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Introduction

Primary or adjuvant radiotherapy (RT) is the standard of care for individuals diagnosed with 

head and neck cancer (HNC) [1]. Owing to a high five-year relative survival using state-of-

the-art RT planning and delivery techniques such as Intensity-modulated RT (IMRT), and 

the consequently sizeable number of HNC survivors, avoidance of radiation-induced oral 

complications is increasing in importance [1–3].

Mouth-opening limitation i.e. trismus is observed in up to 50% of all HNC survivors, and 

progresses most dramatically between three and twelve months post-RT manifesting as 

eating and speech difficulties, as well as impaired oral hygiene, altered facial expression, 

and/or pain [1, 4–7]. The structures and related RT dose thresholds involved in the trismus 

etiology are unsettled, but it has been proposed that trismus following RT primarily results 

from fibrosis of the masticatory muscles [1, 4]. Furthermore, five recent studies have pointed 

out that trismus is in particular explained by the dose to tumor-ipsilateral masticatory 

muscles [5, 8–11]. By means of magnetic resonance imaging (MRI) both Bhatia et al [12], 

and Hsieh et al [13] qualitatively identified abnormalities in multiple masticatory muscles 

that were associated with trismus. However, quantitative image measures may provide 

additional information, and identified metrics are likely to be more reproducible compared 

to qualitatively identified metrics [14, 15]. Thus, quantitative MRI metrics may add to the 

understanding of RT-induced trismus both by providing a measurable endpoint, as well as 

elucidating the trismus etiology.

Bearing in mind a multi musculature- and pathophysiological process behind RT-induced 

trismus, we in this exploratory study anticipate that quantitative metrics derived from MRI 

scans after gadolinium administration in any of the four major masticatory muscles 

following RT is associated with clinically observed radiation-induced trismus. The goal was 

to identify the muscles being critical for trismus, and the related intra-muscular intensity 
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patterns. We illustrated this concept within a case control study including ten cases and ten 

controls.

Materials and Methods

Study design and follow-up

This retrospective and Institutional Review Board approved case-control study included 

subjects previously treated with primary RT for squamous cell carcinoma in the head and 

neck region at the Memorial Sloan Kettering Cancer Center in 2005–2009 [9]. An overview 

of the characteristics for the included subjects is given in Table 1. Treatment was planned 

and delivered using IMRT with a 7-field arrangement and a two-phase approach with a total 

dose of 70 Gy in 33 fractions prescribed to the primary tumor. Trismus was assessed post-

RT using the CTCAE.v.4 scoring system [16], and was in this study defined as having at 

least “Decreased range of motion without impaired eating” (≥Grade 1).

To qualify for inclusion, trismus had to be assessed within the first year post-RT along with 

simultaneously acquired (±two months) T1-weighted MRI scans post-contrast injection 

(T1wpost). Subjects were excluded if trismus was present before RT. In total, ten cases 

fulfilled the inclusion criteria as identified from the research database. Each case was 

matched with a control based on age, gender, primary tumor location, and stage. As 

illustrated in Table 1, the 20 included subjects presented primarily with locally advanced 

oropharyngeal tumors (base of tongue/tonsil: n=10/8), were mainly men (n=16) with an 

average age of 56 years (standard deviation, SD: ±7 years); all in accordance with the typical 

demographics for squamous cell carcinoma of the head and neck [2]. The median follow-up 

time on trismus and the median time to MRI acquisition were both three months (range: 3–

12, 3–10 months, respectively). Age, follow-up time, time to MRI acquisition, and tumor 

stage were not statistically significantly different with respect to trismus status (Wilcoxon 

signed-rank test: p=0.56–1.00). Follow-up time, as well, was not statistically significantly 

different from the time to MRI acquisition (p=0.35).

Comparison of MRI intensity for masticatory muscles

All scans were obtained on a 1.5T GE scanner. For each subject, a two-dimensional (2D) 

axial spin echo T1-weighted MRI sequence was used (Echo/Repetition time: 550/12 ms; 

matrix size: 256×256; slice thickness: 4 mm), both before and after gadolinium contrast 

administration. For the purpose of this study, we focused on the uptake of gadolinium and, 

therefore, the T1wPost scans. The level of gadolinium was on average 7 ml (SD: ±1ml), and 

was based on each patient’s weight. There was no statistical significant difference with 

respect to the amount of gadolinium between cases and controls (Wilcoxon signed-rank test: 

p=1.00; Table 1). All four masticatory muscles – masseter, lateral and medial pterygoid, and 

temporalis – were segmented under supervision of a board certified radiologist (V.H), and 

were segmented separately on the left and the right side. For consistency, the cranial boarder 

of the temporalis was truncated to the first slice below the orbit since the field-of-view did 

not cover the entire muscle in some subjects; all other muscles were defined in the slices of 

their visibility (3–11 slices). To assess the mean RT dose (Dmean) to all muscles these were 

segmented in the T1wPost scans and propagated onto the Computed Tomography (CT) scan 
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used for RT planning following affine and deformable image registration (Eclipse 

SmartAdapt, Varian Medical Systems v.13, Palo Alto, CA, US), with the latter utilizing an 

intensity-based modified Demon’s algorithm [17], followed by a dose recalculation using 

our clinically applied RT treatment planning settings (Eclipse AAA v.13.0.31, Varian 

Medical Systems, Palo Alto, CA, US). An overview of the path of analysis applied is given 

in Figure S1.

The MRI intensity was quantified by a total of 24 textures: three shape-based (Shape), 

twelve first order histogram-based (Histogram), and nine second order Haralick grey level 

co-occurrence-based (GLCM) textures [18–23]. The representation of these textures was 

based on their implementation in CERR [24]; further details are available here: https://

github.com/adityaapte/CERR. All textures were in addition studied as the ratio relative to a 

subject-specific and non-irradiated structure (a portion of the posterior, right temporal lobe; 

extension: 2–3 slices) to enable comparison of these textures across patients [25]. No 

apparent abnormalities were observed within this non-irradiated structure as confirmed by 

qualitatively evaluating the simultaneously acquired T2-weighted MRI scans. The GLCM 
textures were calculated within patches in 2D (in-plane; patch size: 3×3 pixels) using 16 

grey levels, and the median value over all patches represented the MRI intensity for these 

textures. An overview of all 24 textures and their definitions is given in the Supplementary 

material.

Previous dose-response-focused studies have implicated that predominantly tumor-ipsilateral 

representations of the masticatory muscles are important to explain the RT-induced trismus 

etiology [5, 8–10]. We, therefore, considered ipsilateral representations as the most critical 

determinant for the development of trismus. More specifically, we compared Dmean and 

textures with respect to trismus status for ipsilateral representations (Dmeanipsi-contra>5 Gy 

for the corresponding muscle). In case of non-distinct ipsilaterality, bilateral representations 

were used where the median Dmean and texture of paired muscles was considered. The 

Dmean and textures were compared using a univariate logistic regression approach and, 

given the fairly small number of included patients, we applied an internal robustness 

approach using Bootstrapping with replacement (1000 sample populations). Performance 

was evaluated by the area under the receiver-operating characteristic curve (AUC), and 

Dmean and textures presenting with an average p-value ≤0.20 across all Bootstrap samples 

were considered candidate predictors. The reported AUCs and p-values are given as the 

average±SD across all Bootstrap populations. Correlation was evaluated between candidate 

predictors with high correlation defined by a Spearman’s rank correlation coefficient (|Rs|)

≥0.70.

Results

Candidate trismus predictors

The Dmean to the masseter, as well as the lateral and the medial pterygoid was a candidate 

predictor (p=0.03, 0.14, and 0.09; AUC=0.85, 0.76, and 0.77), and was significantly higher 

for cases compared to controls. The corresponding difference in Dmean between cases and 

controls ranged between 0.50–26 Gy, 0.80–19 Gy, and 1.0–21.0 Gy for the masseter, lateral 

and medial pterygoid, respectively (Figure 1; Table 2). The correlation between Dmean to 
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the lateral pterygoid and either that to the masseter, or the medial pterygoid was, however, 

strong (|Rs|=0.78, or 0.79), whilst that between the masseter and the medial pterygoid was 

somewhat more modest (|Rs|=0.66). For these reasons, Dmean to the lateral pterygoid was 

not considered a final candidate predictor.

Among the textures, five candidate predictors were initially identified (population median 

(range): AUC=0.71 (0.68–0.78); p=0.17 (0.12–0.19); Figure 2; Table 2). These textures 

included Haralick correlation (GLCM) of the masseter and of the medial pterygoid, Root 
Mean Square (Histogram), and Sum Average (GLCM) of the masseter, as well as Skewness 
(Histogram) of the temporalis. The three GLCM textures were on average higher for cases 

compared to controls, whilst the two Histogram textures were lower for cases compared to 

controls. A similar pattern of GLCM textures being higher and Histogram textures being 

lower for cases was also observed for textures not suggested as candidate predictors (Table 

S1). In general, the correlation between textures of the same domain for the corresponding 

muscle was high (Figure S2). However, amongst the initial candidate predictors, the texture-

to-texture correlation was weak (population median (range) |Rs|=0.20 (0.10–0.91)), and only 

Sum Average (GLCM) of the masseter was highly correlated with Haralick Correlation 
(GLCM) of the same muscle (|Rs|=0.91), and since the latter texture presented with a 

somewhat better discriminative ability compared to the former (AUC=0.72 vs. 0.70; p=0.14 

vs. 0.19;), Sum Average (GLCM) was not considered a final candidate predictor. The best 

discriminative ability among the four final candidate texture predictors was observed for 

Haralick Correlation (GLCM) of the medial pterygoid (AUC=0.78; p=0.12). The distribution 

of this texture is illustrated both within the medial pterygoid and the masseter for cases and 

controls in Figure 3. The median correlation between any of the four final candidate texture 

predictors and Dmean to either the masseter or the medial pterygoid was weak (|Rs|=0.18), 

and a modest correlation was observed only between Dmean to the masseter and Root Mean 
Square (Histogram) of the masseter (|Rs|=0.55).

Discussion

This study has focused on identifying the muscles being critical for radiation-induced 

trismus and the related intra-muscular intensity patterns using T1-weighted MRI scans 

acquired after gadolinium administration (T1wpost). This was demonstrated within a case 

control design including a total of 20 subjects, and should as such primarily be regarded 

exploratory. With this in mind, the findings point primarily towards an involvement in the 

radiation-induced trismus etiology of the dose to the masseter, together with a trend of the 

dose to the medial pterygoid and the local dispersion of the mean relative the variance of the 

MRI intensity within the medial pterygoid as described by the Haralick (GLCM) texture.

Trismus following RT is primarily a consequence of perpetual masticatory muscle(s) 

contraction due to RT-induced fibrosis [1, 4]. Fibrosis manifests initially in a similar way as 

wound healing, but progressive accumulations lead to fibrotic changes i.e. decreased tissue 

elasticity, and may cause distortion of tissues, reduction in joint movement, distal 

lymphedema, neuropathy, and/or pain [26]. In an ideal scenario, fibrosis should be detected 

prior to the manifestation of trismus since once trismus is established the fibrosis causing the 

restriction is difficult to manage [1, 26]. Interestingly, in two previous studies muscle 
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abnormalities post-RT for HNC were qualitatively identified from conventional MRI 

sequences [12, 13]. In the study by Bhatia et al [12] abnormalities of the muscles involved in 

jaw mobility (high intensity within T2-weighted scans, or intensity/striking enhancement on 

T1wpost scans) were observed in 19 of their 35 investigated subjects that all experienced 

some degree of trismus (dental gap ≤25mm), and were primarily identified in the lateral and 

the medial pterygoid (N=16, 11) followed by the masseter and the temporalis (N=5, 4). In 

the study by Hsieh et al [13], muscle abnormalities of various degree (Grade 1: high 

intensity within T2-weighted scans, Grade 2: Grade 1, and muscle atrophy/obvious 

enhancement within T1wpost scans) were identified in all 22 subjects, and the resulting 

qualitative MRI-based signal abnormality score (SA) was moderately correlated with the 

clinical staging of trismus (CTCAE.v.3; Rs=0.52). In addition, Dmean to all masticatory 

muscles combined, and Dmean to the lateral pterygoid was significantly higher for subjects 

with a worse SA compared to those with a more favorable SA (p=0.05, 0.04). Added 

together, these two studies implicate a multi-musculature involvement in the RT-induced 

trismus etiology with an emphasis on the lateral and the medial pterygoid but it should be 

pointed out that the MRI abnormalities were qualitatively identified.

Using the same type of MRI sequence as in the aforementioned two studies [12, 13], but 

representing instead the MRI intensity using a more quantitative approach, we also identified 

a trend of a multi-musculature involvement in the development of trismus but between 

textures of the masseter, the medial pterygoid, and the temporalis with one to two identified 

textures per muscle being candidates for predicting trismus. In particular, Haralick 
Correlation (GLCM) of the medial pterygoid presented with the best discriminative ability 

(AUC=0.78; p=0.12; averaged across all Bootstrap samples), and showed a tendency of 

being higher for cases compared to controls (population median: −1.3 vs. −2.6). The same 

texture but of the masseter was the second best candidate predictor (population median: −1.5 

vs. −3.0, AUC=0.72; p=0.14). This texture describes the ratio between the mean and the 

variance of the intensity within local patches [18–23], and is one of two out of the 24 

investigated textures that explicitly addresses this relationship, and considering that we 

monitored the uptake of gadolinium this result is in line with the qualitatively identified 

increased MRI intensity in the T1wpost scans as observed in [12], and [13]. Our residual two 

final candidate textures i.e. Root Mean Square of the masseter, and Skewness of the 

temporalis from the histogram domain were instead lower for cases compared to controls 

(population median: −0.1 vs. 0.0, and 1.1 vs. 1.3), but differences were less pronounced 

compared to the two GLCM textures. A potential explanation to this could be that 

Histogram textures in general involve a lower degree of spatial image complexity compared 

to GLCM textures, which may further support the increased ability of textures from the 

latter domain to capture significantly different patterns. The inability of the three 

investigated Shape textures to explain differences with respect to trismus status and muscle 

laterality could be an indication that fibrosis rather than atrophy is the key RT-induced 

muscle injury. However, since this study was based on in total 20 subjects, we encourage 

efforts within the larger, multi-institutional setting as pointed out in e.g. [27] to explore the 

robustness of these findings to explain radiation-induced trismus. Also, this study was based 

on contrast-enhanced MRI scans acquired after RT. The amount of contrast was not 

statistically significantly different with respect to trismus status and ranged between four and 
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nine milliliters across our cohort, and thus together with the normalization to a non-

irradiated scan-specific structure supports the quantitative nature of the investigated textures. 

Including only MRI scans post-RT was justified as a surrogate for radiation-induced trismus 

given that no subject presented with trismus before RT, but an improved study design to 

discriminate the precise radiation-induced textural patterns would involve scans acquired 

both before and after RT.

The mean dose (Dmean) to all muscles except for the temporalis were candidate predictors, 

but only the mean dose to the masseter was strictly significantly higher for cases compared 

to controls (p=0.03; AUC=0.85) whilst a similar trend was observed for the medial pterygoid 

(p=0.09; AUC=0.77). The Dmean to the lateral pterygoid was highly correlated with that of 

both the masseter and the medial pterygoid, and presented with a lower p-value (p=0.14; 

AUC=0.76). Previously, Dmean has been the most widely used dose representation for 

masticatory muscles for the dose-response modeling of trismus [5, 8–11], and has been 

shown to describe its development equally well as that of other dose metrics [5, 9]. 

Following IMRT for HNC, Rao et al [9] found that Dmean to the ipsilateral medial 

pterygoid, or to the ipsilateral masseter best described trismus (CTCAE v.4: ≥Grade 1; 

median follow-up time: 33 months; AUC: 0.71, 0.73) on univariate analysis. Significant 

Dmean associations with a lower discriminative ability were observed for the ipsilateral and 

contralateral lateral pterygoid, the ipsilateral temporalis, and the contralateral masseter 

(AUC range: 0.60–0.65). However, on multivariate analysis only Dmean of the medial 

pterygoid remained a significant predictor for trismus (p=0.03). Van der Molen et al [5] also 

observed that Dmean to the masseter, and Dmean to the pterygoid muscles were significant 

predictors for trismus (maximum interincisor moth opening≤35mm; follow-up: ten weeks 

post-IMRT), but only Dmean of the masseter could be confirmed as an independent 

predictor using a questionnaire-based definition of trismus. The disagreement between the 

two assessments could to some degree be explained by the use of bilateral representations, 

and in addition by the combination of the lateral and medial pterygoid into one structure. 

Across the investigated muscles, the overall highest Dmean in this study, and in [9] and [10], 

was that of the ipsilateral medial pterygoid, which was followed by Dmean to the ipisalteral 

lateral pterygoid here and in [9]. The fibers of the four muscles investigated have a pinnate 

formation in which the muscle fascicles are attached obliquely. In contrast to the medial 

pterygoid and the masseter, which are built up by fibers oriented in multiple angles, the 

lateral pterygoid and the temporalis are formed by fibers oriented in one angle [28]. 

Therefore, the more complex architecture of the medial pterygoid and the masseter 

compared to the lateral pterygoid and temporalis could implicate a more complicated repair 

process of RT-induced fibrosis in the two former muscles. This together with the highest 

Dmean levels as observed for the medial pterygoid could explain that our overall best 

discriminative ability was observed for MRI textures of the medial pterygoid. It should also 

be pointed out that the correlation between any of our four final candidate texture predictors 

and Dmean to either the masseter or the medial pterygoid was in general weak (median |Rs|: 

0.18). Hence, even if a strictly significant association between trismus and any of the 

textures was not identified, the weak correlations between textures and dose motivate added 

information from the MRI intensity over using dose only.
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The subjects in our cohort included mainly men with primary tumors of the oropharynx 

(base of tongue, and tonsil), and an age range of 47–71 years. This cohort reflects the current 

trend of HNC since the estimated rates of new HNC cases in 2016 is up to five times higher 

among men compared to women, and the highest incidence of new HNC cases cover the 

investigated age range [2]. The exact applicability of our results in cohorts including subjects 

presenting with diverging characteristics, however, remains unclear. Our trismus definition 

was a combination of eating- and jaw mobility limitations since seven of the ten cases 

presented with Grade 1, one with Grade 2, and two with Grade 3, which corresponded to 

“Increased range of motion without impaired eating”, “Decreased range of motion requiring 
small bites/soft foods/purees”, and “Decreased range of motion with inability to adequately 
aliment/hydrate orally”, respectively. Even though the RT-induced trismus etiology is likely 

multifactorial, and by such involves in addition to eating and jaw mobility limitations, also 

muscular tension, and/or pain [1, 4–7], it has been demonstrated that the rate of eating and 

jaw mobility limitations following IMRT for HNC is higher than the other domains, and 

significantly higher up to six months after compared to before IMRT [7].

In conclusion, this study demonstrates an image- and dose based rather than the widely used 

dose-based only approach to assess dose-response relationships and more specifically by 

quantifying intensities from T1-weighted MRI scans after gadolinium administration as a 

means to measure radiation-induced normal tissue injury. Although limited to a cohort of 20 

subjects, our findings pointed towards a multi-masticatory involvement for trismus following 

IMRT for HNC with an emphasis on the dose to the masseter and the medial pterygoid, as 

well the local relationship between the mean and the variance of the MRI intensity within 

the medial pterygoid. Thus, this study opens up for exploration of ‘the masseter and medial 

pterygoid dose and MRI intensity interplay’ within the radiation-induced trismus etiology in 

the larger multi-institutional setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The mean dose (Dmean) for the investigated muscles stratified with respect to trismus status 

(cases: red; controls: blue). Note: The p-values (averaged across the 1000 Bootstrap 

samples) have been inserted next to the compared distributions of Dmean.
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Figure 2. 
Comparison of the five candidate trismus textures between cases (red dots) and controls 

(blue dots). Note: Population median values are given as solid lines (cases: red; controls: 

blue).
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Figure 3. 
The middle axial slice of the Haralick Correlation (GLCM) texture distribution within the 

ipsilateral masseter (two upper rows) and the ipsilateral medial pterygoid (two bottom rows) 

for the cases and controls with a distinct ipsilateral to contralateral separation i.e. 

Dmeanipsicontra>5 Gy. Note: Each matched case-control pair is located in vertical direction.
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