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IMPACT OF RADIATION-INDUCED TRISMUS ON
PATIENTS’ LIFE QUALITY

ABSTRACT

Head and neck cancers (HNC) account for 10-15% of all cancers globally. Curative radiation
therapy (RT) and concurrent chemoradiotherapy (CCRT) with or without surgery are widely
accepted standard treatment modalities for these patients.Radiation-induced fibrosis is one of
the side effects of these treatments, and it causes degeneration, inflammation, pain, and
atrophy of the masticatory muscle fibers and the temporomandibular joint, resulting in
trismus. Trismus, also known as hypomobility of the mouth, is defined as a restricted opening
of the mouth.Radiation-induced trismus (RIT) can occur within the first three months of
treatment or up to 12-48 months later during the follow-up period. It has a significant
negative influence on daily activities and vital oral functions, including speech problems,
difficulty eating or drinking, psychological problems, malnutrition, dehydration, and difficulty
with oral hygiene, reducing the quality of life (QoL).Given the underappreciated nature of
trismus and its negative consequences in HNC patients receiving RT or C-CRT, the purpose
of this reviewwas to provide a concise review of the physical, social, and emotional
implications of RIT and their impact on QoLmeasures, as well as the available evaluation

methods for physicians in the related medical fields.
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Introduction

Each cancer patient goes through a traumatic and life-changing experience that affects their
mental, emotional, and sexual functions, as well as their family life and socioeconomic status
(1). Previous research has shown that emotional distress, the severity of disease symptoms,
treatment-related complications, and their management all harm QoL measures (2).

Head and neck cancers (HNC) account for 4% of all cancers worldwide (3), with
radiotherapy (RT) being an essential component of treatment for nearly 80% of
patients.Despite significant advancements in RT planning and delivery systems, a
considerable percentage of patients still suffer from radiation-induced acute and chronic
toxicities, particularly those receiving concurrent systemic agents (4).Although there are
numerous efficient therapies for acute RT-related toxicities, treatment options and their
benefits for chronic toxicities are much more limited. Impaired function of the salivary
glands, swallowing muscles, and masticatory apparatus are among the most problematic late
complications in the head and neck region (4).

Trismus, derived from the Greek word “trismos,” which means "grill, grind, or
squeak,"” is a late sequela of RT that lowers the QoL of difficult-to-treat patients (5).RT-
induced trismus (RIT) develops as a result of fibrotic changes and related contracture in
masticatory structures such as the masseter and pterygoid muscles, as well as damage to their
neural innervation and vasculature, and temporomandibular joint degeneration (TMJ) (6).

Trismus prevalence may vary widely depending on tumor location and size,
treatment(s) used, and patient selection criteria in different studies with distinct evaluation
methods (7,8).RIT rates for patients with maxillary sinus cancer, oral and oropharyngeal
cancer, and nasopharyngeal cancer have been reported to be 5-32%, 0-69%, and 0-36%,
respectively (7,9-13).RIT adversely affects oral health and daily oral function, interferes with

speech, drinking, and eating, and makes maintaining proper oral hygiene difficult, which can



harm the immune system (14). Physicallimitations caused by this severe complication can
eventually affect patients' dietary, sexual, mental, emotional, social, and emotional functions,
including mood, pleasure, and amusement (15).

Despite the fact that many validated questionnaire systems have been used to assess
the QoL of HNC patients with RIT, the exact impact of this devastating complication has yet
to be defined in the literature.Hence, the present review desires to comprehensively review the
effects of RIT on the physical functions and psychosocial status of the affected patients and
compare the efficacy of various assessment tools, which may hopefully serve usefully in

oncology clinics.
The Impact of Radiation-Induced Trismus on Patients' Life

Trismus following RT has been associated with numerous debilitating health consequences,
including decreased nutrition due to impaired mastication, difficulty in communication due to
articulation difficulty, and compromised oral hygiene (16).Jaw opening limitations have been
reported with varying frequency and severity in patients who have received RT to the TMJ
and/or masseter/pterygoid muscles, representing the most vital components of the masticatory

apparatus (17).RIT can interfere with patients' daily activities in the following ways:

A. Medical
B. Physical
C. Psychological and Social

D. Sexual

A. Medical effects

Patients presenting with tumors of the nasopharynx, oral cavity, oropharynx, base of tongue,
salivary gland, maxilla, or mandible that invade or reside near the TMJ, pterygoid muscle, or
masseter muscle are more likely to develop RIT (16,17). Patients who have previously been

irradiated and are being treated for a recurrence appear to be more vulnerable to RIT than



patients who receive RT for the first time (18,13).This evidence indicates that the detrimental
tissue effects of RT are cumulative, even over long periods. RIT can begin near the end of RT
or at any time in the next 24 months. Limitations in mouth opening frequently develop
gradually over several weeks or months.The symptoms of RIT may get worse with or without
medical intervention, or they may eventually get better or stay stable (19). Oral side effects
from radiation therapy are intricate, dynamic pathological processes that lower QoL and put
patients at risk for severe clinical dysfunction. Poor nutritional status and resultant weight loss
(WL) is frequently associated with RIT (20), which is well-recognized as a poor prognostic
factor for many cancers when WL exceeds 5% over the past six months(21).

Several studies have found that trismus negatively impacts oral function-related QoL,
such as pain, eating, chewing, taste, saliva production, and dry mouth, as well as a higher
incidence of jaw-related problems and eating limitations (22-24). RIT can also cause
difficulties in proper mastication and airway clearance functions. To swallow normally, an
individual must first manipulate the food into a cohesive bolus. There may be post-swallow
excess residue if the tongue cannot move properly. The combination of poor bolus
organization, poor mastication, and excess amounts of residual food in the oral cavity may
result in aspiration problems, which may regrettably be fatal in some cases (19). Eisbruch et
al. reported considerably higher rates of swallowing problems following RT (25,26). Hence,
patients undergoing RT or CCRT frequently require feeding tubes, limiting their oral intake to
mostly liquids during treatment. As a result, they may be unaware of the slow progressive
onset of RIT until they attempt to resume soft or solid food consumption (27).

Finally, RIT can lead to poor oral hygiene. Patients who have received high doses
of radiation to the salivary glands must practice good oral hygiene to avoid dental caries
(cavities). Oral hygiene deficiencies can aggravate mucosal and dental problems, increasing

the risk of mandibular osteoradionecrosis, another detrimental late toxicity of RT or CCRT



(28). Furthermore, the task of dentists and other oral health professionals, such as oral and
maxillofacial surgeons, may become more difficult to carry out, potentially jeopardizing
routine oncologic follow-up. RIT may also lead to multiple tooth deficiencies due to
obligatory extractions. More than half of those patients with severe tooth deficiencies find it
difficult to consume nutrients like nuts, apples, and raw carrots, and as a result, their daily
intake of non-starch polysaccharides, protein, calcium, non-heme iron, niacin, vitamin C,
intrinsic and milk sugar may be reduced to critical levels in this patient’s group (29).

B. Physical effects

Jaw pain and cramps, difficulty biting, chewing, or brushing teeth, inability to swallow certain
nutrients, headaches, and earaches are all reported physical symptoms of RIT (30). A soft diet
is recommended for patients suffering from RIT. Soup, smoothies, yogurt, mashed potatoes,
oatmeal, beans, steamed vegetables and fruits, cheese, fish, and omelets are all examples of
soft foods.However, it should be remembered that these foods would be close to puree
consistency. Another hard-to-solve problem in such patients is that effective brushing will be
unattainable due to the restricted mouth opening, which may lead to poor oral hygiene and
relateddental caries, periodontal and dental infections.Thus, patients with RIT should be
advised to use small-headed toothbrushes and antibacterial mouthwashes to avoid dental
caries by maintaining good oral hygiene (31).Due to limited mouth openings, dental
infections and caries may necessitate multiple tooth extractions because timely dental
interventions are not conceivable (32). As a result, multiple tooth losses may unavoidably
alter the physical appearance of the affected patient's face, potentially leading to mood and
psychosocial issues.The systematic review and meta-synthesis of seven studies revealed that
tooth loss was linked not only to compromised oral health but also to a decline in social
standing and self-esteem. Of note, the authors came to the conclusion that oral rehabilitation

has broad benefits for restoring quality of life and self-worth (33). Therefore, timely



interventions may prevent RIT-related tooth loss and improve almost all QoL metrics in these
patients.

C. Psychological and Social effects

RIT hinders the development of “eating and the social habits". RIT-related restrictions in
mouth and TMJ movements may also impair sufferers' speech and social communication
abilities, which altogether increases the risk of social isolation, loneliness and lowers QoL in
HNC patients (34). Besides, trismus frequently causes halitosis (35), a multifaceted medical
condition that adversely alters the affected individuals' QoL and psychosocial profile.
Halitosis is a humiliating condition that makes patients feel graceless around others and
lowers their QoL. Because halitosis diminishes personal relations, it is also embarrassing for
relatives and friends of such patients. Hence, halitosis should not only be considered a
medical problem but must be recognized as a social impediment that is to be urgently coped
with (36). Confirming this reality, a study by Eliasand Ferrianifound that patients with
halitosis had a high risk of social anxiety disorder (37). Halitosis may become a significant
factor in personal relationships, resulting in social isolation (38). Patients with halitosis create
a social barrier between themselves and their friends, relatives, partners, or coworkers (39). It
is self-evident that QoL will, without a doubt, be negatively altered if a person has physical
and mental limitations that interfere with aspects of speech, social relationships, and self-
esteem (40).

Depending on the extent of the RIT-related tooth loss, muscle tone loss and facial
collapse may take place, leading to cosmetic problems (32). This atrocious situation may
cause the patient to avoid social communities, which undermines self-esteem and leads to
mental breakdown (29).

D. Sexual effects



As previously stated, RIT can cause dental caries, periodontal disease, and dental infections,
leading to unwelcome halitosis (32, 41). Many researchers have examined the psychosocial
effects of halitosis (37,42), but its impact on sexual health has usually been underestimated to
date. In their study on the effect of halitosis on sexual function, Ozler et al. used the
International Erectile Function Index (IIEF) to assess the sexual health of men with halitosis
and compared the results to a similar group of healthy men (36). According to the results of
the study, it was revealed that subjects with bad breath odor had significantly lower scores in
all functional areas, which meant aworse sex life (36).Subjects with halitosis had significantly
lower scores in all function domains, implying a poorer sex life (37).In a more recent study
involving 100 patients, Olszewska-Czyz et al. found that higher halitosis levels resulted in
lower SF-36 domain scores. Furthermore, the strongest relationship between intra-oral
halitosis and decreased QoL was discovered in the domains of social functioning, vitality,
emotional wellbeing, and general health perception (43).

In summary, RIT may cause halitosis, which may often lead to unpleasant alterations
in the psychological, social, and sexual domains of QoL measures. Hence, every possible
effort should be made to prevent the development of halitosis in RIT patients. For this
purpose, it should be recognized as a condition that requires a multidisciplinary approach,
including dental specialists, psychologists, and other members of a multidisciplinary oral care
team (Figure 1).

Objective and Subjective Measures of Trismus-Related Quality of Life

Individuals' normal mouth openings range between 40 and 60 mm (44), with males typically
being able to expand their mouths wider than females (45). Trismus is frequently measured
objectively using the maximal mouth opening (MMO), the largest aperture between the upper
and lower incisor margins (14,16,46). In the case of edentulous patients, the vertical distance

between the opposing upper and lower alveolar ridges may be used instead (47). Calipers or



other measuring devices can be used to perform these measurements (14, 22).The MMO
should be assessed before beginning of the therapy, and the patient or clinician should
measure it frequently after treatment to monitor its maintenance (48) (Figure 2).

Trismus is commonly defined as MMO 35 mm or less (either the interincisal distance
or the distance between the upper and lower alveolus) (18,23,47,49), which is also
corroborated by Scott and colleagues' findings (16,23). A cut-off of <35 mm is mostly used
for trismus in the literature (18,23,47,49). Patients suffering from trismus may nonetheless
have an objectively “normal” MMO measurement. The primary or exclusive outcome
measure of successful medical applications may no longer be death with the introduction of
patient-reported outcome measures (PROMSs) and QoL surveys.Subjective measurements can
also be used to contrast various therapies, such as trismus, opening up new paths outside
traditional outcome assessment approaches (50).

These subjective trismus assessments are either mouth-opening specific surveys, such
as the Mandibular Function Impairment Questionnaire (MFIQ) (18), or a subset item in a
general cancer QoL questionnaire, such as the Performance Status Scale (PSS) (51). The
Mandibular Function Impairment Questionnaire, one of the mouth opening-specific
questionnaires, was utilized in the first study that sought to establish the cut-off for trismus
(MFIQ) (18). This questionnaire has 11 items that measure reported mandibular function
issues during social interactions, speaking, taking large bites, chewing hard food, chewing
soft food, working and/or everyday activities, drinking, laughing, eating food that is chew-
resistant, yawning, and kissing. Additionally, six other items explained why some foods were
difficult to consume, including hard cookies, beef, raw carrots, French bread,
peanuts/almonds, and apples. Responses were graded as(1) no difficulty, (2) quite a bit of

difficulty, (3) much difficulty, and (4) great difficulty or impossible without help. The scores



were totaled and ranged from O to 68, with a higher score representing more disability (18).
The internal consistency of the questionnaire varies from 0.80 to 0.95. (52).

The Liverpool Oral Rehabilitation Questionnaire (LORQ v3) is another mouth-
opening specific questionnaire (53) that includes 40 questions, 17 of which are related to oral
functions, orofacial appearance, and social interactions.To analyze the influence of chewing
skills on social life and food choice, five questions were included: (1) Did you experience
difficulty chewing? (2) Did you have pain when you chew? (3) Did your chewing ability
affect your social life? (4) Did your chewing ability influence your choice of foods? and (5)
Did you experience difficulty with mouth opening? The answer choices were "always",
"often"”, "sometimes", and "never" (23).

The Gothenburg Trismus Questionnaire (GTQ) is an additional mouth-opening-
specific test (22). Although it has been researched only in one study, this trismus-specific
questionnaire has strong psychometric qualities. This questionnaire has 21 items, 13 of which
are grouped into three domains: jaw-related issues (six items), feeding limits (four items), and
muscle stress (three items). The GTQ has a 1-week recall time for each of the three domains.
The domains and single items are scored from 0 to 100, with 100 representing the highest
number of symptoms and 0 signifying no symptoms. In research by Pauli et al. (22) using the
GTQ, it was discovered that patients with trismus had greater problems than patients without
trismus with their ability to work and engage in leisure, social, and family activities in terms
of jaw-related issues and eating limitations. Additionally, it was demonstrated in this study
that individuals with trismus reported worse health-related QoL deficits in the domains of
mouth opening (p<0.001), jaw-related issues (p>0.05), eating restrictions (p>0.05), and
muscle tension (p>0.001) (19). These findings were consistent with those of other research
and with the prevalence of trismus (8, 19, 30). The GTQ has been suggested as a screening

tool for jaw-related problems (p<0.05), eating limitations (p<0.05), and muscular tension



(p<0.001) (19). The GTQ has also been proposed as a means of assessing outcomes in studies
of jaw physical therapy and rehabilitation (22).

Several general QoL questionnaires are also used to measure the impact of trismus in
HNC patients. One of these is the PSS (51), which has three subscales: eating in public,
dietary normality, and patient speech clarity. Each subscale is scored from 0 to 100, with
higher scores indicating better performance (51,54). The European Organization for Research
and Treatment of Cancer QoL Questionnaire (EORTC QLQ C30) is a cancer-specific general
questionnaire. The EORTC QLQ-H&N35 module for the head and neck is used to
subjectively quantify mouth-opening among the six scales that evaluate HRQoL in cancer
patients (dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial problems)
(55,56). The surveys include five function scales (physical, role, emotional, cognitive, and
social functioning), a global QoL scale, three symptom scales, and six single items, totaling
30 questions on the patients’ symptoms and functional level over the previous week. A
supplemental 35-item module, the EORTC QLQ-H&N35, can be used to examine additional
symptoms linked to HNC and its therapy (55). Scale scores are calculated from 0 to 100. A
score of 100 implies optimum functionality on the functioning scales and global QoL scales,
but a score of 100 indicates the worst possible symptoms on the symptom scales and single
items. Pain, swallowing, senses, speech, social eating, social interactions, and sexuality are
among the multi-item scales, while teeth, mouth-opening, dry mouth, sticky saliva, coughing,
feeling unwell, pain relievers, nutritional supplements, feeding tube, weight loss, and weight
gain are among the single items (50). A change of more than 10 points in scores over time
might be considered clinically significant. These questions have been re-evaluated on a
regular basis and have been shown to be sensitive and accurate (56,57).According to one
study, individuals with trismus who completed the HRQoL test reported more problems with

bodily functioning, pain, and a clinically significant decrease in appetite 12 months after

10



treatment than patients without trismus (56). Similarly, after 12-month follow-up in patients
completing the EORTC QLQ-H&NS35 test, the trismus group reported more issues with
mouth-opening and clinically significant more problems with pain, social eating, and
sexuality than the non-trismus group (22).

Although the University of Washington QoL questionnaire (UWQOL) v4 has been
validated for patients with head and neck cancer, it is not as broadly used as the EORTC
questionnaire (23). The UWQOL v4 evaluates pain, appearance, activity, recreation,
swallowing, chewing, speech, shoulder function, taste, saliva, mood, and anxiety status. The
chewing, saliva, mood, and anxiety domains were included in the questionnaire to determine
the influence of limited mouth-opening on these domains, which are measured on a Likert
scale from O (worst) to 100 (best). However, no explicit mention of a score method for
defining trismus using the UWQOL was available (23).

The Functional Assessment of Cancer Therapy (FACT)-Head and Neck (HN) Scale
(FACT-HN) is aself-reported questionnaire that consists of 28 generals plus 11 head and
neck-specific items rated from 0 to 4 on a Likert-type scale (58).FACT domains describe
functionality in six categories: physical well-being, social and family well-being, doctor-
patient relationship, emotional well-being, functional well-being, and head-and-neck related
symptoms (HNS) (58,59).The FACT-HN module additionally includes domains that question
the potential problems related to the patient's oral comfort, breathing, voice, eating,
appearance, tobacco smoking, alcohol use, and social communication features (59).

The Karnofsky Performance Status Scale (KPS) was originally developed to assess
patient activity and medical care requirements. KPS is a widely used general measure of
patient independence, with a scoring range of 0 (dead) to 100 (completely independent). The
KPS can also be used to compare the efficacy of different therapies and predict individual

patient prognosis; the lower the Karnofsky score, the lower the chance of survival for most
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serious illnesses. Pauli et al. (22) used the Karnofsky Performance Status Scale (KPS) to
examine the prevalence of trismus and its long-term effects on health-related QoL in patients
with HNCs (60).They reported in their study that KPS was lower in the trismus
group.However, highlighting the importance of using multi-dimensional assessment tools, it
was recently revealed that KPS is a one-dimensional measure of health status that does not
fully reflect all domains of a comprehensive QoL assessment(60).

A correlation between objective mouth-opening measurements and subjective
measures using the UWQOL questionnaire was attempted(23). The authors found a
significant relationship between mouth opening and UWQOL chewing domain (rs = 0.45,
p<0.0001) and UWQOL overall QoL (rs = 0.25, p = 0.01).There were some exceptions,
however, as ten patients who were not clinically shown to have trismus complained
subjectively of problems opening their mouths, while 16 patients with objective trismus
denied having problems opening their mouths (23).Despite these exceptional instances, there
was generally a high correlation between subjective and objective measurements.The
difference in mean MFIQ scores between patients with and without trismus at a cut-off point
of 35 mm was significant, which is the common denominator of these measures.The
minimum MFIQ score for trismus was 8.3, which corresponds to a mouth opening of 35 mm
(18).

Although several objective and subjective techniques have been put forth to evaluate
the effect of trismus on the QoL measures of the affected patients, the majority of the data that
is readily available comes from trismus induced by other causes rather than from patients who
underwent RT or CCRT.Similarly, the majority of surveys ask multiple questions related with
various health -related issues at the same time, instead of focusing specifically on RIT and its
negative consequences.It should be noted that cancer patients who present with RIT may react

differently than other trismus patients because they are psychologically more vulnerable to the
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devastating effects of treatment-related toxicities.In stark contrast, such patients may also
prefer to deny RIT and its adverse consequences, as the desire to survive may outweigh the
discomfort of RIT.As a result, such concerns stress the critical need for the development of
RIT-specific surveys that can better assess the physical, psychological, and social status of
RIT patients (Figure 3).

Discussion and Future Perspectives

Trismus in HNC patients can be caused by tumor invasion or growth around the masticatory
muscles, oral cavity, or TMJ. It is directly connected to radiation-induced fibrosis, which is
comprehended to be a persistent issue that renders HNC patients disabled and can arise as a
late effect of RT or C-CRT (16, 61-63).Trismus is also linked to other symptoms, such as the
dry mouth and dental issues after oncologic treatment, which can significantly impair patients'
nutritional status and health-related QoL (46). But regrettably, there has been little research on
trismus and related QoL in HNC patients, and the studies that have been conducted are
typically small, retrospective, single-institutional studies (64).

Even though the incidence of HNC has been rising steadily, thanks to significant
advancements in cancer therapies, an increasing number of patients can be anticipated to live
for years. On the other hand, such an increase in survival times may also provide an
opportunity for the manifestation of treatment-related late side effects, resulting in a greater
necessity for preventive and rehabilitative efforts to improve functional impairments and
associated QoL measures in these patients, including RIT sufferers.Compared to HNC
patients without trismus, patients with trismus reported more QoL issues such as general and
social eating, dry mouth, swallowing problems, appetite loss, pain, and jaw-related problems
(22). Oral health problems, more specifically difficulty opening the mouth, have been
identified as predictors of survival in HNC patients, irrespective of the underlying cause

(65).Malnutrition is more likely in HNC patients whose oral health has deteriorated and

13



whose mouth opening has become limited, resulting in impaired recovery, a longer
rehabilitation period, and a shorter life span, presumably as a result of the unavoidable
development of fatal cachexia (66,67).Furthermore, deterioration in eating function caused by
trismus will cause patients to abstain from social eating and be involved in the social
environment, resulting in loneliness, social isolation, and psychological disorders
(64).Halitosis is another negative effect of trismus on QoL that is frequently overlooked.
Halitosis also has an impact on patients' social isolation, relationships with their social
partners, and sexual performance.Reduced sexual performance may harm the family structure,
lead to the end of relationships, and serve as another factor in the person's loneliness and
depression (17,22,34-37).

Although many questionnaires have been used to assess the effects of trismus, very
few are specifically designed for HNC patients with trismus. As a result, despite being a
severely disabling complication that needs attention in this patient group, the precise impact
of trismus and related symptoms on a patient's quality of life has not yet been identified.
Therefore, it is necessary to develop novel questionnaires specifically for HNC patients that
include objective domains such as the type of cancer, the dose and duration of the prescribed
RT, TMJ, and oral evaluation before treatment, as well as subjective domains such as the
patients' social, sexual, and psychological status.

Conclusion

Trismus is usually neglected as a side effect of RT or C-CRT in HNC patients in radiation
oncology and dentistry textbooks. However, this physically, socially, and emotionally
debilitating complication, which affects roughly one-third of HNC patients treated with RT,
must be appreciated as needed and assessed objectively as well as subjectively.Defining the

individual effects of trismus on patients' QoL will help HNC survivors in their daily life
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functions after oncologic treatment by assisting in the planning of treatments and preventive

methods specific to patient complaints and needs.
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FIGURE LEGENDS

Figure 1.The impact of radiation-induced trismus on quality of life of patients

Figure 2.The measurement of mouth opening with Quick tongue- ‘tie . assessment
tool®(Orofacial Myology Products, USA). A; normal mouth opening, B; trismus.

Figure 3. The most common questionnaires used to determine:the effects of on patients'

quality of life
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Figure3

Mouth-opening specific
questionnaires

= Mandibular Function Impairment Questionnaire
(MFIQ)

* The Liverpool Oral Rehabilitation Questionnaire
(LORQ v3)

= Gothenburg Trismus Questionnaire (GTQ)

General quality-of-life
questionnaires

European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30
questionnaire

EORTC QLQ-H&N35 questionnaire

Performance Status Scale (PSS)

The University of Washington quality-of-life scale (UWQOL v4)

Functional Assessment of Cancer Therapy—Head and Neck Scale (FACT-H&N)
The Kamofsky Performance Status Scale (KPS)




