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Chapter 3.1
Mouth opening in patients irradiated for head and 
neck cancer: a prospective repeated measures 
study

This chapter is an edited version of:
Kamstra JI, Dijkstra PU, van Leeuwen M, Roodenburg JL, Langendijk JA. Mouth opening 
in patients irradiated for head and neck cancer: a prospective repeated measures study. 
Oral Oncol 2015;51:548-555.
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Abstract

Objectives
Aims of this prospective longitudinal cohort study were (1) to analyze the course of 
mouth opening up to 48 months post-radiotherapy, (2) to assess risk factors predict-
ing decrease in mouth opening, and (3) to develop a multivariate prediction model for 
change in mouth opening in a large sample of patients irradiated for head and neck can-
cer.

Methods
Mouth opening was measured prior to radiotherapy (baseline) and at 6, 12, 18, 24, 36, 
and 48 months post-radiotherapy. The primary outcome variable was mouth opening. 
Potential risk factors were entered into a linear mixed model analysis (manual stepwise-
backward elimination) to create a multivariate prediction model. The interaction terms 
between time and risk factors that were significantly related to mouth opening were 
explored. 

Results
The study population consisted of 641 patients: 70.4% male, mean age at baseline 62.3 
years (SD 12.5). Primary tumors were predominantly located in the oropharynx or na-
sopharynx (25.3%) and oral cavity (20.6%). Mean mouth opening at baseline was 38.7 
mm (SD 10.8). Six months post-radiotherapy, mean mouth opening was smallest, 36.7 
mm (SD 10.0). In the linear mixed model analysis, mouth opening was statistically pre-
dicted by the location of the tumor, natural logarithm of the time since radiotherapy in 
months (Ln(months)), sex, baseline mouth opening, baseline age, and target volume on 
primary tumor. All main effects interacted with Ln(months).

Conclusion
The mean mouth opening decreased slightly over time. Mouth opening was predicted 
by several risk factors: tumor location, time since radiotherapy, sex, baseline mouth 
opening, tumor classification, age, and target volume on the primary tumor. The multi-
variate prediction model can be used to predict mouth opening.
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Introduction

A limited ability to open the mouth (35 mm or less), a trismus, is a well-known side ef-
fect of treatment of head and neck cancer, including of radiotherapy.1-6 The prevalence 
of trismus following radiotherapy ranges from 25 to 46%.4-6 Trismus has a negative 
impact on function and quality of life.1, 7-11 It impairs eating, speech, oral hygiene, dental 
treatment, airway clearance, and oncological follow-up.1, 5, 12 Trismus is often progres-
sive, hard to treat, and once established, only a limited increase in mouth opening can be 
achieved.13, 14 Therefore, the focus should be on prevention.

Trismus is most likely to develop if radiotherapy includes the masticatory muscles 
and region of the temporomandibular joint, particularly, when radiotherapy is combined 
with chemotherapy, in case of larger tumors, or when trismus is induced by the tumor 
itself.4, 6, 10, 15-17 Fibrosis and atrophy of irradiated tissues contribute to trismus, which is 
likely to develop between 1 month and 1 year post-radiotherapy.10, 18, 19 A progressive 
decrease in mouth opening can be observed even years after finishing radiotherapy.19 
Dosages higher than 50 Gy are associated with trismus. 4, 10, 20-22 Higher incidences of 
trismus have been observed after external beam radiotherapy than after interstitial 
radiotherapy.4, 20 

The main limitations of previous studies that aimed identifying risk factors for tris-
mus were their retrospective design and relatively small sample sizes. The longitudinal 
course of mouth opening up to 1 year following surgery and/or radiotherapy (with or 
without chemotherapy) has been described in 4 prospective studies with 17 to 143 pa-
tients. The main limitations of these studies were the small sample sizes, limited primary 
tumor sites, or the lack of radiotherapy as part of the treatment modalities.17, 19, 23, 24 Con-
sequently, when several risk factors are present, it has been impossible to statistically 
predict the longitudinal course of mouth opening of head and neck cancer patients after 
radiotherapy. 

The aims of our prospective cohort study were (1) to analyze the longitudinal 
course of mouth opening up to 48 months post-radiotherapy, (2) to assess risk fac-
tors predicting decrease in mouth opening, and (3) to develop a multivariate prediction 
model for change in mouth opening based on a large sample size of patients undergoing 
radiotherapy for head and neck cancer. 
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Methods

Study design and setting
This prospective longitudinal cohort study was conducted between March 2007 and 
June 2011 at the Department of Radiation Oncology of the University Medical Center 
Groningen, the Netherlands. The study was carried out according to the regulations of 
our institute.

Participants 
All patients who underwent definitive or postoperative external beam radiotherapy for 
head and neck cancer, either alone or in combination with chemotherapy or cetuximab, 
were included. Patients were excluded if their primary tumor was located outside the 
head and neck region, if intracranial, or if it originated from the nasal vestibule or the 
skin. Patients were also excluded if no data was collected regarding their mouth open-
ing, or if the patient died during radiotherapy or within the first 6 months after the start 
of radiotherapy. Tumor classification was based on the Union for International Union 
Against Cancer (UICC) recommendation TNM classification (2009). 

Radiotherapy
Patients were treated with external beam radiotherapy using linear accelerators at the 
Department of Radiation Oncology according to the standard of care protocols. Details 
on radiotherapy have been described in detail previously.25

Data
At the outpatient clinic of the Department of Radiation Oncology, mouth opening was 
prospectively measured prior to radiotherapy (baseline) and at regular follow-up ap-
pointments at 6, 12, 18, 24, 36, and 48 months post-radiotherapy. During these visits, 
patients were asked to open their mouth completely, and mouth opening was measured 
as maximal interincisal distance in mm, using a slide caliper. In case patients were eden-
tulous and not wearing a dental prosthesis, mouth opening was measured from the 
alveolar ridge. Trismus was defined as a mouth opening of 35 mm or less.2 

Data on tumor and treatment were also prospectively collected. Missing and bio-
logically implausible data were verified and retrieved from medical records.

Statistics
The primary outcome variable was mouth opening at different time points (baseline, 6, 
12, 18, 24, 36, and 48 months post-radiotherapy). Prior to data analysis, the association 
between time and mouth opening was explored. Time was modelled as a linear func-
tion, as a squared function, and as a logarithmic function. The model fit was best using 
a logarithmic function for time. Hence, Ln(months) was used. The T stage of the tumor 
was dichotomized into T4 tumor (yes, no) because plots showed that mouth opening 
over time was different in patients with T4 tumors compared to those with T1, T2, or T3 
tumors. For the clinical interpretation, age was centered at 60 years. 
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The potential risk factors were selected based on the assumed risk to influence 
mouth opening: location of the tumor (oral cavity, oropharynx or nasopharynx, salivary 
glands or ear, hypopharynx or supraglottic larynx, glottic or supraglottic larynx, nasal 
cavity or maxillary sinus, and lymph node metastases head in and neck region from an 
unknown primary (primary unknown), squamous cell carcinoma (yes, no), time modeled 
as the natural logarithm of time in post-radiotherapy in months (Ln(months)), sex (male, 
female), baseline mouth opening (mm), T4 tumor (yes, no), baseline age (years), total dose 
of irradiation (Gy), fraction dose of irradiation (Gy), target volume on primary tumor (yes, 
radiotherapy on primary tumor; no, radiotherapy on metastasis in head and neck re-
gion), radiotherapy neck (yes, radiotherapy on neck area; no, radiotherapy only on pri-
mary tumor), re-irradiation in locoregional area (yes, no), surgery on the primary tumor 
(yes, no), neck dissection (yes, no), and chemotherapy (yes, no). 

All potential risk factors were entered in a linear mixed model analysis and suc-
cessively eliminated (manual backward-stepwise elimination) to create a multivariate 
prediction model (SPSS 22.0 for Windows software (SPPS Inc., Chicago, IL, USA)). A risk 
factor was eliminated if the significance of the regression coefficient was larger than 
0.05 and the model fit (-2log likelihood criterion) did not decrease significantly. In ad-
dition, interaction terms between time and risk factors significantly related to mouth 
opening, were explored. An interaction term remained in the model if the model fit 
increased significantly (-2log likelihood criterion). To verify post hoc if missing data may 
have influenced the results of the linear mixed model analysis, we performed the same 
analysis with patients with complete data. Because 59 patients had complete data up 
to 48 months follow-up, we did this linear mixed model analysis with the cohort with 
complete data up to 36 months, consisting of 104 patients. 
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Results

We initially included 788 head and neck cancer patients who were being treated with 
any form of radiotherapy. We excluded 98 patients for the following reasons: primary 
tumor located outside the head and neck region, no data regarding mouth opening, 
and/or and deceased during or within the first 6 months post-radiotherapy. Patients 
with tumors originating from the nasal vestibule (n=11), skin (n=33), and intracranial 
(n=3) were also excluded. For statistical reasons, patients (n=2) with rare type of tumors 
(myxofibrosarcoma neck and epitheloid angiosarcoma) were excluded as well. The study 
population therefore consisted of 641 consecutive patients (81.3% of the initial sample).

Descriptive data
The patient, tumor, and treatment characteristics of the study population (n=641) and 
the cohort of patients with complete data at 36 months post-radiotherapy (n=104) are 
shown in Table 1 and Table 2. The majority of the patients were male (70.4%) and the 
mean age at baseline was 62.3 years (SD 12.5). Primary tumors were mostly located in 
the oropharynx or nasopharynx (25.3%) and oral cavity (20.6%). 

Course of mouth opening
The mean mouth opening was 38.7 mm (SD 10.8) at baseline, 36.7 mm (SD 10.0) at 6 
months post-radiotherapy, and 38.2 mm (SD 11.5) at 48 months post-radiotherapy. At 
baseline, 35% of the patients had trismus, which increased to 37% at 48 months post-
radiotherapy. The highest percentage of patients with trismus was found at 6 months 
post-radiotherapy (42.9%) (Table 3). The course of mouth opening over time differed 
per tumor location (Figure 1).

Outcome linear mixed model analysis
In the linear mixed model analysis, mouth opening was statistically predicted by the loca-
tion of the tumor, sex, Ln(months), baseline mouth opening, T4 tumor, baseline age, and 
target volume on primary tumor. All main effects interacted with Ln(months) (Table 4).

The results of the linear mixed model analysis can predict mouth opening post-
radiotherapy statistically. For example, for a 70-year-old male with a T2 carcinoma in 
the oral cavity who received target volume on the primary tumor only, with a mouth 
opening of 40 mm at baseline, mouth opening can be estimated at 36 months post-
radiotherapy by using the following equation:

‘Mouth opening=12.88 + [1.57 (oral cavity)] + [4.00*3.58 (Ln(months))] 
+ [1.10 (male sex)] + [0.69*40 (baseline mouth opening)] + 
[-0.05*10 (baseline age centered at 60 years)] + [-4.76 (target vol-
ume on primary tumor)] + [0.69*3.58 (oral cavity*Ln(months)] + 
[0.32*3.58 (male sex*Ln(months)] + [-0.10*40*3.58 (baseline mouth 
opening*Ln(months)] + [-0.01*10*3.58 (baseline age centered at 
60 years*Ln(months)] + [-1.69*3.58 (target volume on primary 
tumor*Ln(months)]=35,1 mm. (Note Ln(36 months)=3.58.)’
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Table 1. Patient, tumor, and treatment characteristics

Study population (n=641) Cohort of patients with 
complete data (n=104)

Patient characteristics n (%) Mean (SD) n (%) Mean (SD)

Male sex 451 (70.4) 64 (61.5)

Baseline age (years) 62.3 (12.5) 59.7 (13.0)

Deceased 199 (31.0) 1 (1.0)

Months between start radiotherapy and 
death

17.8 (10.6) 55 (-)

Dental status

Dentulous 241 (37.6) 45 (43.3)

Fully edentulous 319 (49.8) 49 (47.1)

Partially edentulous 77 (12.0) 8 (7.7)

Not known 4 (0.6) 2 (1.9)

Baseline mouth opening (mm) 38.7 (10.8) 39.5 (10.4)

Tumor characteristics

Squamous cell carcinoma 512 (79.9) 76 (73.1)

T4 tumor 183 (28.5) 19 (18.3)

Location of the primary tumor

Oral cavity 132 (20.6) 26 (25.0)

Oropharynx or nasopharynx 162 (25.3) 19 (18.3)

Salivary glands or ear 66 (10.3) 12 (11.5)

Hypopharynx or supraglottic larynx 115 (17.9) 16 (15.4)

Glottic or subglottic larynx 116 (18.1) 23 (22.1)

Nasal cavity or maxillary sinus 24 (3.7) 4 (3.8)

Unknown primary 26 (4.1) 4 (3.8)

Treatment characteristics

Surgery primary tumor 248 (38.7) 50 (48.1)

Neck dissection 216 (33.7) 41 (39.4)

Chemotherapy 176 (27.5) 18 (17.3)

Target volume on primary tumor 610 (95.2) 98 (94.2)

radiotherapy neck area 490 (76.4) 72 (69.2)

Total dose of irradiation 65.2 (7.1) 65.9 (5.5)

Fraction dose of irradiation 2.0 (0.2) 2.0 (0.1)

Duration of radiotherapy in months 1.3 (0.2) 1.4 (0.2)

Re-irradiation in locoregional area 32 (5) -

Exercise therapy for trismus 17 (2.7) 6 (5.8)
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Table 2. TN classification

Status N0 N1 N2a N2b N2c N2∞ N3 Total

T0 2 1 0 1 2 0 0 6

T1 62 13 4 24 7 0 2 112

T2 109 24 7 24 17 3 7 191

T3 36 17 0 17 27 1 1 99

T4 64 18 3 31 60 0 6 182

Unknown 8 8 7 11 0 0 4 38

Total 281 81 21 108 113 4 20 628*

*: Of 13 patients, no TN classification was reported. Of 38 patients, T classification was missing, in-
cluding no classification applicable (n=12; for example, for a non-malignant pleiomorf adenoma). ∞: 
Nasopharynx.

Table 3. Mouth opening and numbers of patients with trismus

Months 
post-radio-
therapy

n per point 
of time 
(deceased 
before 
follow-up)

n cumula-
tive de-
ceased 
patients

Mean 
mouth 
opening (SD)

Mean 
mouth 
opening 
(SD)*

n patients 
with trismus 
(%)

n patients 
with trismus 
(%)*

Baseline 566 0 38.7 (10.8) 39.5 (10.4) 196 (34.6) 33 (31.7)

6 473 (18) 18 36.7 (10.0) 38.7 (9.6) 203 (42.9) 29 (27.9)

12 425 (69) 87 37.3 (10.3) 39.1 (11.1) 161 (37.9) 33 (31.7)

18 392 (44) 131 37.3 (10.6) 37.9 (10.8) 160 (40.8) 43 (41.3)

24 368 (32) 163 38.0 (10.7) 38.3 (10.7) 139 (37.8) 40 (38.5)

36 230 (21) 184 38.0 (10.6) 37.2 (10.7) 83 (36.1) 39 (37.5)

48 131 (12) 196 38.2 (11.5) - 48 (36.6) -

*Cohort of patients (n=104) with complete data up to 36 months post-radiotherapy. There were 59 
patients with complete data up to 48 months post-radiotherapy, however, for statistical reasons the 
cohort up to 36 months was used.

Mean predicted mouth opening according the multivariate prediction model differed 
per tumor location (Figure 2). Mouth opening of patients with tumors of all included lo-
cations decreased in the first 6 months post-radiotherapy, except when the tumor was 
located in the salivary glands or ears. When patients had a lymph node metastasis from 
an unknown primary, mouth opening did not decrease in these first 6 months either. 

The linear mixed model analysis was repeated for the cohort of patients with com-
plete data (n=104) (Appendix 1). The differences in regression coefficients were largest 
for the interactions between Ln(months) and location of the primary tumor.
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Figure 1. Course of mouth opening per tumor location

Note: Y-axis starts at 30 mm.

Oral cavity

Oropharynx or nasopharynx

Salivary glands or ear

Hypopharynx or supraglottic larynx

Glottic or subglottic larynx

Nasal cavity or maxillary sinus

Unknown primary 

Figure 2. Predicted mouth opening according the multivariate prediction model per tumor location

Note: Y-axis starts at 30 mm.

Oral cavity

Oropharynx or nasopharynx

Salivary glands or ear

Hypopharynx or supraglottic larynx

Glottic or subglottic larynx

Nasal cavity or maxillary sinus

Unknown primary 
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Table 4. Results of the linear mixed model analysis to predict mouth opening post-radiotherapy of the 
study population (n=641)

Risk factors β SE (β)  95% CI 
β LL

95% CI 
β UL

p (β)

Intercept 12.88 1.47 10.00 15.77 <0.001

Tumor location <0.001

Oral cavity 1.57 2.58 -3.50 6.63 0.544

Oropharynx or nasopharynx 1.04 2.62 -4.09 6.18 0.690

Salivary glands or ear 2.56 2.61 -2.57 7.68 0.328

Hypopharynx or supraglottic larynx 3.56 2.63 -1.61 8.73 0.176

Glottic or subglottic larynx 4.40 2.63 -0.76 9.57 0.094

Nasal cavity or maxillary sinus 1.26 2.68 -4.00 6.53 0.638

Unknown primary - -      

Ln(months) 4.00 0.32 3.38 4.63 <0.001

Male sex 1.10 0.50 0.11 2.08 0.029

Baseline mouth opening 0.69 0.02 0.65 0.73 <0.001

T4 tumor -1.14 0.52 -2.16 -0.11 0.029

Baseline age centered at 60 years -0.05 0.02 -0.08 -0.01 0.006

Target volume on primary tumor -4.76 2.34 -9.36 -0.17 0.042

Interactions

Oral cavity*Ln(months) 0.69 0.59 -0.47 1.85 0.244

Oropharynx or nasopharynx*Ln(months) 0.47 0.60 -0.70 1.64 0.434
Salivary glands or ear*Ln(months) 0.91 0.60 -0.26 2.08 0.126
Hypopharynx or supraglottic 
larynx*Ln(months)

1.27 0.60 0.09 2.45 0.035

Glottic or subglottic larynx*Ln(months) 1.48 0.60 0.30 2.66 0.014
Nasal cavity or maxillary sinus*Ln(months) 0.62 0.61 -0.57 1.82 0.307
Unknown primary*Ln(months) - -      
Baseline mouth opening*Ln(months) -0.10 0.00 -0.11 -0.09 <0.001
Male sex*Ln(months) 0.32 0.11 0.11 0.54 0.003
Baseline age centered at 60 years* 
Ln(months)

-0.01 0.00 -0.02 0.00 0.003

T4 tumor*Ln(months) -0.27 0.11 -0.50 -0.05 0.017
Target volume on primary 
tumor*Ln(months)

-1.69 0.54 -2.75 -0.64 0.002

β: Regression coefficient. SE: Standard error. 95% CI β LL: 95% confidence interval of β lower limit. 
95% CI β UL: 95% confidence interval of β upper limit. Unknown primary is used as reference cat-
egory.
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Discussion

Key results
The mean mouth opening of the study population changed marginally over time. The 
results of our study showed that mouth opening can be predicted statistically by a vari-
ety of risk factors and their interactions. Based on the multivariate prediction model, the 
longitudinal course of mouth opening can be predicted statistically. We found that mean 
mouth opening decreased the first 6 months post-radiotherapy and gradually recov-
ered up to 48 months post-radiotherapy (Table 4 and Figure 2). The longitudinal course 
of mouth opening differed between primary tumor locations (Figure 1 and 2).

Interpretation
The consequences of trismus are severe, and trismus secondary to head and neck can-
cer is hard to treat. If the multivariate prediction model presented in our study indicates 
high risk of trismus, preventive measures can be taken to prevent decrease of mouth 
opening. For example, patients who perform exercises during radiotherapy experience 
a smaller decrease in mouth opening compared to those who do not exercise.16, 26, 27 
Additionally, a larger increase in mouth opening is expected when exercises are started 
early.28 However, such preventive programs can be a burden to patients, especially dur-
ing the course of radiotherapy. These programs should therefore be limited to those 
with the highest risks. 

The interactions between location of the tumor and Ln(months) indicate that 
the change over time depends on the location of the tumor. The results of our study 
showed on average only a small decrease in mouth opening over time, with the highest 
percentage of patients with trismus at 6 months post-radiotherapy. The percentage 
of patients with trismus at 48 months post-radiotherapy was nearly the same as the 
percentage at baseline. The largest change in mouth opening occurred during the first 
6 months post-radiotherapy, in both the course of mouth opening (Figure 1) and the 
predicted mouth opening according the multivariate prediction model (Figure 2). The in-
teraction term between Ln(months) and mouth opening prior to radiotherapy indicates 
that a larger mouth opening prior to radiotherapy will result in a greater loss of mouth 
opening post-radiotherapy. 

About 30% of the study population died, most likely the patients with T4 tumors 
and those who underwent more intensive treatment. Such patients are more likely to 
develop trismus. The dropout of these patients could explain the recovery of mouth 
opening over time.

Up to 48 months post-radiotherapy, only 59 patients had complete data. However, 
to verify the multivariate prediction model in a cohort of patients with complete data, a 
larger sample was preferred. Therefore, we decided to use the cohort of patients with 
complete data up to 36 months. The differences in the linear mixed model analysis be-
tween the study population and the cohort of patients with complete data were small 
(Table 4 vs. Appendix 1), except for the differences between the interactions between 
Ln(months) and location of the primary tumor.
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About 3% of the study population received exercise therapy supported by a physical 
therapist for their trismus (Table 1). In our center, patients do not routinely receive ex-
ercises, preventive or otherwise. In 82.4% of this subgroup of patients, exercise therapy 
consisted of exercises with a TheraBite® Jaw Motion Rehabilitation System™. A mean 
increase in mouth opening of 6.2 mm (SD 4.5) was found in a post hoc analysis. 

Other studies
Longitudinal course of mouth opening following surgery and/or radiotherapy (with or with-
out chemotherapy) and risk factors for decrease in mouth opening have been described in 
4 prospective studies.17, 19, 23, 24 In one study, a rapid decrease of mouth opening between 1 
and 9 months was found and a slower rate of decrease after 1 year in 17 patients treated for 
nasopharyngeal cancer following radiotherapy. An overall decrease of 32% at 4 years post-
radiotherapy was found. Trismus at discharge predicted trismus at 6 months post-surgery. 
The authors concluded that preventive interventions should be targeted at high-risk pa-
tients early in the postoperative phase.19 In another study, mouth opening of 64 patients 
treated for oral and oropharyngeal cancer following primary surgery was evaluated. Before 
surgery, 30% of the patients had trismus (35 mm or less), at discharge 65%, and 6 months 
post-surgery 54%. Risk factors for trismus were stage T3 or T4 tumors that required free 
flap reconstruction and adjuvant radiotherapy.17 In another study, mouth opening of 87 
patients treated for head and neck cancer with primary surgery or primary surgery plus 
radiotherapy (with or without chemotherapy) was evaluated. Before treatment, 47% of the 
patients had trismus (35 mm or less), which increased to 71% after surgery alone, and to 
79% after surgery plus radiotherapy (with or without chemotherapy). Females and those 
who consumed alcohol had the highest risk for developing trismus.24 Mouth opening over 1 
year and risk factors for decrease in mouth opening of 143 oral cancer patients treated for 
oral cancer with surgery and/or radiotherapy were evaluated. Mouth opening of every pa-
tient decreased, and when patients underwent surgery and radiotherapy or radiotherapy 
only, mouth opening did not recover, in contrast to patients who underwent surgery only. 
Risk factors for trismus 1 year post-treatment were having trismus prior to treatment, 
receiving both surgery and radiotherapy, and when the tumor was located in de maxilla or 
mandible. The general course of mouth opening found in this study was confirmed by the 
results of our study.23 Similar to the results in our study, changes over time were also seen 
in the 4 above mentioned studies.17, 19, 23, 24

In our study, 35% of the patients had trismus at start of the radiotherapy, which is 
in line with the results in other studies.17, 24 Three possible explanations can be provided 
for this initial trismus. First, the mouth opening can be classified as trismus at the start 
of the radiotherapy because of an extremely small natural mouth opening. Second, the 
mouth opening can decrease before radiotherapy due to mechanical restriction or pain 
as result of tumor growth. Third, the trismus could be the result of surgery in case of 
postoperative radiotherapy. This last assumption was verified in a post hoc analysis. In-
deed, baseline mouth opening of patients who underwent surgery prior to radiotherapy 
(34.9 mm, SD 10.9, n=214) was significantly smaller (6.1 mm, 95% confidence interval 
4.3 to 7.9 mm) compared to patients who were treated with definitive radiotherapy 
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with or without chemotherapy (41.0 mm, SD 10.1, n=352).
In previous studies, risk factors for decrease in mouth opening are reported mainly 

in retrospective studies with relatively small sample sizes. Risk factors found are radio-
therapy, including multimodal treatment (additional surgery and/or chemotherapy), dose 
of 50 Gy or more, primary tumors originating from the maxilla, mandible, nasopharynx, 
parotid gland, and tongue, and T4 tumors.6, 7, 10, 15, 17, 20, 22, 23 In contrast to the results from 
previous studies, in the linear mixed model analysis of our study, multimodal treatment 
did not contribute to mouth opening. When the masticatory muscles and the temporo-
mandibular joint were in the irradiation field (for example tumors in the oropharynx or 
nasopharynx and nasal cavity or maxillary sinus), a larger decrease of mouth opening 
was observed. 

Limitations
The first limitation of our study is that genetic factors and some individual patient fac-
tors, such as usage of alcohol and the presence of co-morbidity, were not included in 
the analysis. In a previous study, alcohol consumption was identified as a risk factor for 
decrease in mouth opening.23, 24 Co-morbidity, especially with impaired vascularity, for 
example in hypertension or diabetes, can also contribute to the development of fibro-
sis.18 Furthermore, radiosensitivity can contribute to the development of fibrosis and 
atrophy, both leading to trismus.18 

A second limitation concerns the decrease in the number of patients over time, 
which results inherently from a longitudinal evaluation over time. Another reason for 
this decrease is that 31% of the patients in the sample had died. 

A third limitation is the method of measurement of mouth opening. Mouth open-
ing was measured by different employees, which may have introduced a measurement 
error. Because mouth opening can be measured reliably, we assume this error had a 
limited effect on the outcomes of our study.29 

A forth limitation is the lack of information about the use of a dental prosthesis in 
edentulous patients. Mouth opening was measured with or without a dental prosthesis 
in case of an edentulous patient, resulting in possible inter-individual variation inde-
pendent of the actual change in mouth opening because of radiotherapy. There was no 
statistical significant difference between the standard deviations of the average mouth 
opening of dentulous and edentulous patients, so we assume there is a limited error in 
the group of edentulous patients. 

Future perspectives
The results of this study can be used to develop a preventive program (including exer-
cise) for trismus. The effects of such a program should be studied.

Conclusion
The mean mouth opening decreased slightly over time with the minimal mouth opening 
at 6 months post-radiotherapy. Risk factors for decrease in mouth opening were sev-
eral locations of the primary tumor (oropharynx or nasopharynx, nasal cavity or maxil-
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lary sinus), more months post-radiotherapy, female sex, smaller mouth opening prior to 
treatment, T4 tumor, higher age, target volume on primary tumor, and the interaction 
terms with the number of months post-radiotherapy. The multivariate prediction model 
can be used to predict mouth opening. On patients at high risk for developing trismus, 
preventive measures can be taken. 
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Appendix

Appendix 1. Results of the linear mixed model analysis to predict mouth opening post-radiotherapy 
with the cohort of patients with complete data (n=104)

Risk factors β SE (β)  95% CI 
β LL

95% CI 
β UL

p (β)

Intercept 10.58 2.66 5.34 15.81 <0.001

Tumor location <0.001

Oral cavity -1.00 4.09 -9.06 7.06 0.807

Oropharynx or nasopharynx -1.67 4.30 -10.15 6.81 0.699

Salivary glands or ear -0.95 4.37 -9.56 7.65 0.827

Hypopharynx or supraglottic larynx 0.69 4.36 -7.90 9.29 0.874

Glottic or subglottic larynx 1.69 4.30 -6.78 10.15 0.695

Nasal cavity or maxillary sinus -1.03 4.13 -9.17 7.12 0.804

Unknown primary      

Ln(months) 3.35 .62 2.12 4.57 <0.001

Male sex 1.49 0.98 -0.43 3.42 0.128

Baseline mouth opening 0.78 0.05 0.69 0.87 <0.001

T4 tumor -0.38 1.17 -2.68 1.91 0.743

Baseline age centered at 60 years -0.09 0.04 -0.16 -0.02 0.016

Target volume on primary tumor -3.42 3.39 -10.10 3.26 0.314

Interactions

Oral cavity*Ln(months) 0.25 0.96 -1.64 2.14 0.793

Oropharynx or nasopharynx*Ln(months) -0.04 1.01 -2.03 1.95 0.968

Salivary glands or ear*Ln(months) 0.12 1.03 -1.90 2.13 0.908

Hypopharynx or supraglottic 
larynx*Ln(months)

0.60 1.03 -1.42 2.61 0.561

Glottic or subglottic larynx*Ln(months) 0.97 1.01 -1.01 2.96 0.336
Nasal cavity or maxillary sinus*Ln(months) 0.26 0.97 -1.65 2.17 0.788
Unknown primary*Ln(months)      

Baseline mouth opening*Ln(months) -0.07 0.01 -0.09 -0.05 <0.001

Male sex*Ln(months) 0.33 0.23 -0.12 0.78 0.148

Baseline age centered at 60 years* 
Ln(months)

-0.02 0.01 -0.03 0.00 0.029

T4 tumor*Ln(months) -0.22 0.27 -0.76 0.31 0.414

Target volume on primary 
tumor*Ln(months)

-1.32 0.80 -2.89 0.24 0.097

β: Regression coefficient. SE: Standard error. 95% CI β LL: 95% confidence interval of β lower limit. 
95% CI β UL: 95% confidence interval of β upper limit. 
Unknown primary is used as reference category. 
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