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General discussion

Aims of this thesis were to analyze the burden of side effects after treatment of oral 
and oropharyngeal cancer and their influence on mandibular function, to identify risk 
factors for trismus after head and neck cancer, and to evaluate exercise therapy for 
trismus after head and neck cancer.
Firstly, the results of the studies in Chapter 2, Chapter 3.1, Chapter 3.2, Chapter 4.1, 
Chapter 4.2, and Chapter 4.3 will be discussed. Secondly, future perspectives and con-
clusions will be described.

Side effects after treatment of oral and oropharyngeal cancer
In Chapter 2, it was found that the experienced lack of saliva was the most frequently 
reported and the most burdensome oral symptom after treatment of oral or oropha-
ryngeal cancer. Trismus and restricted tongue mobility were reported by almost half of 
the patients and were reported among the 3 most burdensome. Patients experienced a 
substantial impairment of mandibular function, including speaking, eating, laughing, yaw-
ing, and social activities. Lack of saliva did not statistically predict impairment of mandib-
ular function. For irradiated patients and non-irradiated patients, impairment of man-
dibular function was statistically predicted by different variables. However, in all patients, 
MFIQ scores were strongly influenced by an inability to wear a dental prosthesis.

A previous study did also describe lack of saliva as frequently occurring and bur-
densome symptom after treatment of oral or oropharyngeal cancer.1 Trismus and a re-
stricted tongue mobility have been also described as frequently to occur.2, 3 In Chapter 
2, trismus and a restricted tongue mobility statistically predicted impairment of man-
dibular function in non-irradiated patients only. However, this finding may be a result of 
lack of statistical power since in previous studies they are found to impair mandibular 
function in irradiated patients also.3, 4 In general, patients who are able to wear a dental 
prosthesis are known to have better mandibular function than those who are not.5 

Risk factors for trismus after head and neck cancer
In Chapter 3.1, it was found that longitudinal course of mouth opening over time dif-
fered between tumor locations. Overall, mouth opening decreased the first 6 months 
post-radiotherapy and gradually recovered up to 48 months post-radiotherapy. Mouth 
opening post-radiotherapy was predicted by tumors located in the oropharynx or 
nasopharynx and nasal cavity or maxillary sinus, more time since radiotherapy, female 
sex, smaller mouth opening prior to radiotherapy, T4 tumors, higher age, and irradiation 
dose. All main effects interacted with time since radiotherapy, indicating that change of 
mouth opening over time depends on tumor location and on mouth opening prior to 
radiotherapy. 

In Chapter 3.2, it was found that he incidence of trismus is highest at 6 months 
post-radiotherapy (28.1%) and declines thereafter. The incidence of trismus was 3.6 per 
10 person years at risk calculated over the total period of 48 months post-radiotherapy. 
In the first 6 months post-radiotherapy, risk factors for developing trismus were tu-
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mors located in the oral cavity, oropharynx or nasopharynx, and the salivary glands or 
ear and a longer overall treatment time of radiotherapy. At all time points, mouth open-
ing at that time point was a risk factor for developing trismus at the subsequent time 
point.

Four previous studies described the longitudinal course of mouth opening follow-
ing surgery and/or radiotherapy (with or without chemotherapy) and risk factors for 
trismus. Changes over time were also seen in those studies.6-9 In previous studies iden-
tifying risk factors for trismus in head and neck cancer patients, radiotherapy as part 
of a multimodal treatment (post-operative and/or combined with chemotherapy and 
biologicals), a dose of 50 Gy or more, irradiation of the pterygoid muscles, T4 tumors, 
and primary tumors originating from the maxilla, mandible, nasopharynx, parotid gland, 
and tongue were found.4, 6, 8, 10-14 These studies were mainly retrospective and had small 
sample sizes. In Chapter 3.1, higher irradiation dose was found to be a risk factor for 
trismus in contrary to in Chapter 3.2. In both Chapter 3.1 and Chapter 3.2, multimodal 
treatment was not found as a risk factor for trismus. In literature, multimodal treatment 
as well as the prescribed irradiation dose were found as risk factors for trismus.6, 8, 10, 12-14 
However, the prescribed dose levels do not correspond with the actual dose to relevant 
anatomical structures like the masticatory muscles and temporomandibular joint. When 
the actual dose characteristics to those structures are taken into account, significant 
dose effect relationships may be found. Another explanation might be that there was 
not much variation in the irradiation dose in our study population, which can possibly 
explain the lack of a significant association between dose levels and mouth opening. 

Exercise therapy for trismus after head and neck cancer
In Chapter 4.1, it was found that studies analyzing exercise therapy for trismus after 
head and neck cancer reported a large variation in stretching techniques, duration of 
stretch, and repetition of exercises. All but 1 of the 20 included studies found positive 
effects (i.e. less decrease in case of preventive studies or an increase of mouth open-
ing in therapeutic studies) after exercise therapy. In half of the studies where exercise 
therapy was applied as prevention for trismus, trismus could not be prevented (a mean 
mouth opening of 35 mm or less).15-18 In two-third of the studies were exercise therapy 
was applied to treat trismus, patients still had trismus after the exercise therapy.19-25 
Compliance to the exercise therapy appeared to improve the results.25, 26 No exercise 
technique was clearly superior, neither regarding prevention or treatment of trismus 
secondary to head and neck cancer. 

In Chapter 4.2, it was found that mean mouth opening increased 5.4 mm (SD 5.7) 
after exercises with a TheraBite® Jaw Motion Rehabilitation System™ (TheraBite). Fac-
tors that significantly influenced the efficacy of TheraBite exercises were chemotherapy, 
medical center, and time from oncological treatment to the start of the exercises. The 
odds of reaching an increase in mouth opening of 5 mm or more reduced if the time 
between oncological treatment and start of TheraBite exercises increased. The influence 
of medical center may be caused by differences in patient population, exercise protocol, 
or compliance to the exercise therapy. 
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In Chapter 4.3, it was found that mean mouth opening increased 7.1 mm (SD 4.7) 
after exercises with a Dynasplint Trismus System® (DTS). For the total study popula-
tion and for the patients who were treated for their cancer shorter than or 36 months 
previously, this increase was significant. The perceived difficulty of opening the mouth 
improved significantly for all patients. All interviewed patients noticed effects because of 
the exercise therapy, had positive feelings about the results, and would recommend this 
exercise technique to other patients. However, about half of the patients thought the 
DTS exercises were burdensome. 

Two previous systematic reviews analyzed the treatment of trismus secondary 
to head and neck cancer including exercise therapy.2, 27 In the first systematic review 
(2004), only 1 study analyzing exercise therapy for trismus secondary to head and neck 
cancer could be included. Case studies were not included. Since publication of that sys-
tematic review, 19 additional studies were published.27 In the second systematic review 
(2010) was concluded that both the TheraBite and the DTS are effective to treat tris-
mus secondary to head and neck cancer and that exercise therapy seems useful to pre-
vent trismus.2 In Chapter 4.1, that conclusion was only partially confirmed in the results 
found. 

Three previous studies described the effects of TheraBite exercises to treat trismus 
in head and neck cancer patients.20-22 In the TheraBite group of the first study, consist-
ing of 9 irradiated patients, mouth opening increased 13.6 mm (SD 1.6).21 In Chapter 4.2, 
the described effect of TheraBite exercises are possibly smaller because of confounding 
by indication, indicating that patients were referred only if they had a severely restricted 
mouth opening. In the second and third study, TheraBite exercises were part of a mul-
timodal rehabilitation program.20, 22 In this second study, mouth opening decreased with 
1.9 mm (SD 5.0).22 In this third study, mouth opening increased with 6.4 mm (95% con-
fidence interval 4.8 to 8.0).20 These effects cannot be attributed to TheraBite exercises 
only since they were combined with other techniques of exercises. 

Three previous (retrospective) studies described the effects of DTS exercises in 
head and neck cancer patients.24, 25, 28 In the first study, 20 irradiated patients had a 
mean increase in mouth opening of 13.6 mm (SD not reported).28 Only patients who 
completed the program were analyzed, therefore the increase in mouth opening may 
be an overestimation. In the second study 20 patients received DTS exercises as part 
of a multimodal rehabilitation program, therefore the effects cannot be attributed to 
DTS exercises only. Median improvement was 5.0 mm (range -4.0 to 15.0). Compliant 
patients showed more median increase than the noncompliant patients.25 In the third 
study, 26 patients were treated for trismus. Mean increase in mouth opening was 6.2 
mm (SD 3.4).24 In Chapter 4.3, the design and the results of that study were similar to 
this third study. In general, the results of TheraBite exercises to treat trismus seem simi-
lar to the results of DTS exercises. However, a head to head comparison between the 
TheraBite and DTS in a randomized controlled trials has not been performed. 

Relevance
This thesis aimed to analyze the burden of side effects after treatment of oral and oro-
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pharyngeal cancer and their influence on mandibular function, to identify risk factors for 
trismus after head and neck cancer, and to evaluate exercise therapy for trismus after 
head and neck cancer. The results of this thesis provide insight in the development of 
trismus after head and neck cancer. Based on the risk factors for trismus found, trismus 
post-radiotherapy can be predicted and possibly prevented. Additionally, the results of 
this thesis provide insight in the effects and limitations of exercise therapy. The impor-
tance of timing and the patients’ compliance of exercise therapy for trismus is shown. 
The efficacy of the different exercise techniques was analyzed. Indirectly, the results of 
this thesis can contribute to improve mandibular function and quality of life of patients 
who are successfully treated for cancer in the head and neck region when prediction, 
prevention, and treatment of trismus become more successful.

Several risk factors for trismus are identified in this thesis, namely higher age, 
female sex, location of the tumor (oral cavity, oropharynx or nasopharynx, nasal cav-
ity, maxillary sinus, salivary glands, and ear), T4 tumors, higher irradiation dose, smaller 
mouth opening prior or during radiotherapy, and more time since radiotherapy. Despite 
not being found as risk factor in this thesis, multimodal treatment is expected to be 
risk factor as well. The risk factors can be used to predict trismus. For prevention, risk 
factors should be eliminated or positively influenced. However, risk factors that can-
not be modified are patient characteristics as age and sex. Additionally, the location of 
the tumor cannot be modified. Some risk factors can possibly be influenced positively, 
for example mouth opening prior or during radiotherapy. Already a substantial amount 
of the head and neck cancer patients have trismus prior to radiotherapy. This can be 
caused by invasion of the tumor in the masticatory muscles and temporomandibular 
joint or their surrounding tissues, by surgery in case of post-operative radiotherapy, or 
by a naturally small mouth opening (inter-individual variation). Treatment modalities, 
including multimodal treatment and irradiation dose, can be modified. However, these 
modifications should not lower the survival rate or should not result in an increase of 
the number of recurrences. By means of regular measurements of mouth opening per- 
and post-radiotherapy, trismus can be identified early. It is possible to positively influ-
ence mouth opening by means of exercise therapy. Exercise therapy could increase or 
maintain mouth opening and inherently lower the risk for trismus. The size of the tumor 
at first presentation of the patient cannot be modified. However, early detection of tu-
mors in general can contribute to prevention of T4 tumors. Early detection can be sup-
ported by increasing the knowledge about premalignant lesions and tumors of the head 
and neck amongst the population. Additionally, specific attention of the dentist during 
regular visits to patients with a high risk for premalignant lesions and tumors of the oral 
cavity and oropharynx may enhance early detection. 

Exercise therapy for trismus after head and neck cancer was evaluated in this the-
sis. Not one exercise technique was found to be superior. A larger increase in mouth 
opening can be expected when exercise therapy is initiated early after the treatment of 
head and neck cancer or even during the treatment in case of radiotherapy. However, 
despite positive effects, the effects of exercise therapy are limited since trismus can-
not not always be prevented or treated. The results of this thesis can be used to inform 
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patients about the expected results of exercise therapy. A larger increase of exercise 
therapy can also be expected in compliant patients. Therefore, therapists should focus 
on an early initiation of the exercise therapy and should stimulate the patients’ compli-
ance to the exercise therapy. Early initiation of exercise therapy can be a part of preven-
tive rehabilitation program. Since such programs can be a burden to patients, especially 
during radiotherapy, these programs should be limited to those with the highest risks. 
The multivariate prediction models presented in this thesis can be used to select the 
patients for a preventive rehabilitation program.

Strengths & limitations of this thesis
Strengths of this thesis include the assessment of risk factors predicting trismus up to 
48 months post-radiotherapy by using a large sample of patients (n=641) with all of the 
most frequently occurring types of head and neck cancer. Strengths also include that all 
exercise techniques were evaluated in this thesis. Finally, strengths include the assess-
ment of multiple outcome variables and patients’ perception on DTS exercises, including 
user-satisfaction, experiences, comfort, and compliance. 

This thesis had several limitations. A limitation is that genetic factors and some pa-
tient characteristics, such as the use of alcohol and presence of co-morbidity, were not 
included as potential risk factors for trismus. In previous studies, alcohol use has been 
identified as a risk factor.7, 8 Another limitation is the method of measurement of mouth 
opening. In Chapter 3.1, Chapter 3.2, Chapter 4.2, and Chapter 4.3 measurements were 
performed by different assessors. This may have introduced a measurement error. 
However, mouth opening can be measured reliably, we therefore assume that this er-
ror has only a small effect on the results of this thesis.29 In (partially) edentulous patients 
not wearing a dental prosthesis, a larger mouth opening is measured than in (partially) 
edentulous patients wearing a dental prosthesis. This difference has not been taken into 
account to determine if the patient had trismus when using the cut-off point of 35 mm 
or less. No different criteria for trismus exist for dentulous patients and (partially) eden-
tulous patients not wearing a dental prosthesis. This is an additional limitation of the 
measurement of mouth opening. 
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Future perspectives

Risk factors for trismus in head and neck cancer patients identified in this thesis should, 
where possible, be eliminated or positively influenced for the prevention of trismus. 
Treatment modalities, including multimodal treatment and irradiation dose, may be 
modified but should not worsen treatment outcomes. Possibly the use of proton 
therapy instead of photon therapy in case of radiotherapy may reduce incidence of tris-
mus, as the irradiation dose of the surrounded structures of the tumor can be reduced. 
High-risk patients should be identified by the presence of risk factors for trismus. Of 
these patients, regular measurements of mouth opening should take place during and 
after the treatment of head and neck cancer.

Attention should be paid to the development of a preventive rehabilitation program 
for those patients with a high risk of developing trismus or for patients with a decrease 
in mouth opening. Since exercise therapy is burdensome, expensive, and cannot always 
prevent trismus, it should not routinely be advised to every patient. The prevention of 
trismus should be integrated in the supportive care program for head and neck cancer 
patients; like the prevention of malnutrition, support of oral hygiene including fluoride 
prophylaxis, and exercises to prevent arm and shoulder problems after a neck dissec-
tion. Such a preventive rehabilitation program for trismus should be evaluated and clini-
cal guidelines should be established.

For patients who developed trismus, the search for the most effective exercise 
therapy to treat trismus should be continued. Regular measurement of mouth opening 
should be performed to identify patients with (developing) trismus so they can receive 
exercise therapy early. Effects of exercises with a TheraBite and a DTS should be com-
pared in randomized controlled trial, including change in mouth opening, cost effective-
ness, compliance, and patients’ perspective regarding the exercises. Since in exercise 
therapy and rehabilitation programs, compliance is a well-known problem for patients, it 
is important to gain information about patients’ perspective on different exercise tech-
niques to improve compliance. The results of Chapter 4.2 and Chapter 4.3 can be used 
to determine the sample size for future studies.

For reaching the most optimal results, the exercise therapy should be initiated as 
early as possible and therapists should stimulate patients’ compliance. Patients should be 
informed that sometimes, a reduction of further decrease in mouth opening is the best 
feasible result. 
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Conclusions

After head and neck cancer, patients often suffer from side effects of the treatment. 
Impact of side effects on mandibular function, in particular of trismus, restricted tongue 
mobility, and the inability to wear dental prosthesis, were found in thesis. 

The identified risk factors for trismus in this thesis are: higher age, female sex, sev-
eral locations of the tumor (oral cavity, oropharynx or nasopharynx, nasal cavity or max-
illary sinus, and salivary glands or ear), T4 tumors, irradiation dose, smaller mouth open-
ing prior or during radiotherapy, and more time since radiotherapy. Of patients treated 
with radiotherapy, mouth opening can be predicted by means of the multivariate pre-
diction models. Mouth opening of irradiated patients decreased slightly over time with 
the minimal mouth opening at 6 months post-radiotherapy. Course of mouth opening 
and trismus can be predicted by a variety of risk factors. Additionally, trismus can be 
predicted for different time points post-radiotherapy. Despite the identification of risk 
factors for trismus, it is not realistic to prevent trismus since most of these risk factors 
cannot be modified. Therefore, preservation of mouth opening in head and neck cancer 
patients, especially after radiotherapy, is difficult.

Changes in mouth opening after exercise therapy varied considerably. In this the-
sis, no exercise technique was found clearly superior and the results varied consider-
ably. Mouth opening increased averagely 5.4 mm after TheraBite exercises. The odds 
of an increase in mouth opening of 5 mm or more reduced if the time from oncologi-
cal treatment to start exercises lengthens, corrected for the effect of medical center. 
Mouth opening increased averagely 7.1 mm after DTS exercises. For the total study 
population and for the patients who were treated for their cancer shorter than or 36 
months previously, this increase was significant. As a result of exercise therapy, less de-
crease (in case of preventive exercises) or a larger increase in mouth opening (in case of 
therapeutic exercises) can be expected in compliant patients and when exercise therapy 
initiated early. If there is an indication for exercise therapy to prevent trismus, this 
should be integrated in the supportive care program. Despite positive results of exercise 
therapy in general, trismus secondary to head neck cancer cannot always be prevented 
or treated. 
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