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Abstract: Oral and maxillofacial malignant tumor seriously threaten the physical and mental health
of patients, especially advanced malignant tumor requiring a comprehensive sequence of surgery-based
treatment, resulting in facial deformity, difficulties with chewing, dysphagia and asophia. Among them,
trismus (restricted mouth opening) is one of the most common complications after treatment of oral and
maxillofacial malignant tumor. In severe cases, they may even suffer from trismus and eating difficulties,
finally leading to malnutrition and even cachexia. Therefore, it not only affects the quality of life of the
patients and even endangers their lives, but also brings heavy social and economic burden. How to effectively
prevent and treat posttreatment trismus is a clinical problem which is easy to be ignored by oral and
maxillofacial surgeons and needs to be solved urgently. In recent years, restricted mouth opening (trismus)
after post-treatment of oropharyngeal, nasopharyngeal and other head and neck malignant tumors have
been widely studied, but restricted mouth opening after comprehensive treatment of oral cancer has been
neglected. We therefore conducted a systematic review with 3 aims: (I) to clear the definition of restricted
mouth opening and trismus; (II) to identify epidemiology and pathogenesis of restricted mouth opening or
trismus; and (III) to summarize the methods of interventions or treatment of oral and maxillofacial malignant

tumor patients with restricted mouth opening or trismus.
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Introduction develop as a result of the disease or its treatment, and

. . . . . radiotherapy has been reported as one of the most common
Oral and maxillofacial malignant tumor is accounting for

about 7% of systemic malignancies, becoming a global causes (3). RMO or trismus in patients with oral and

health concern (1). Patients with oral and maxillofacial
malignant tumor may have a variety of complications after
surgery and/or radiotherapy/chemotherapy, including
dysphagia dysfunction, limited mouth opening or trismus (2).
Restricted mouth opening (RMO) or trismus, which can
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maxillofacial malignant tumor may lead to limited daily
activities such as eating, chewing, swallowing, breathing,
and speaking.

Restricted mouth opening or trismus also can lead
to other problems such as severe pain, weight loss,
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psychological difficulties (including low self-esteem,
depression, and suicidal tendencies), poor oral hygiene,
negative influence on quality of life (QoL), and interferes
with tumor surveillance in the postoperative period (4-6).
Treatment of RMO or trismus can be used by conservative
therapy (medication or physical therapy), surgery or
rehabilitation therapy (exercise therapy). It has been
confirmed that (7), exercise therapy is the main method to
effectively prevent the occurrence of limitation in mouth
opening and reduce its severity. This article reviews the
occurrence and prevention of RMO or trismus in patients
with oral and maxillofacial malignant tumor, in order to
provide clinical reference for promoting the implementation
of mouth opening training.

The definition, epidemiology and pathogenesis
of RMO or trismus

The definition

Restricted mouth opening and trismus are common
terms used in oral oncology, which is difficulty in mouth
opening. RMO as reported in the literature is a clinical
symptom in which the mouth opening is restricted owing
to any cause (8). Historically, the term trismus was used
to refer to patients who were unable to open their mouth
due to tetanus (9). Currently, trismus is used to indicate
severely RMO of any aetiology. Among the various terms
used in literatures, trismus in oral cancer is defined as a
tonic contraction of the muscles of mastication due to
any abnormal condition or disease, with maximum mouth
opening (MMO) of <35 mm (either the interincisal distance
or the distance between the upper and lower alveolus) (4).
It may be a result of tumor involving masticatory muscles,
infection, surgery or radiation. However, a literature
emphasizes that trismus mainly indicates the restricted
mouth opening due to dysfunction of the muscles of
mastication and should not be used in all instances where
there is limitation of mouth opening, which is suitable for
restricted mouth opening caused by reasons other than
muscle dysfunction (8).

According to the literature, classification of trismus based
on clinical examination of the maximal interincisal distance
(MID), which shows the vertical dimension from maxillary
incisor margin to mandibular incisor margin in maximum
opening position (8). In edentulous patients, it is measured
the distance between the maxillary and mandibular alveolar
ridges (10). Standard of restriction of the mouth opening
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with reference to late adverse reactions of normal tissues
(late effects of normal tissues/subjective and objective
management analysis, LENT/SOMA), trismus is classified
into four grades as follows: grade 1, limited mouth opening,
MID from 21 to 30 mm; grade 11, difficulty in feeding, MID
from 11 to 20 mm; grade III, difficulty in feeding soft food,
MID from 5 to 10 mm; and grade IV, nasal feeding, MID
<5 mm (11). Grades III and IV are defined as severe trismus
(11,12).

The prevalence

The reported prevalence of limitation in mouth opening
in patients with oral-maxillofacial malignant tumors ranges
from 8% to 62% (13). The patients were a majority male,
with an average age from 53.5 to 65.9 years old (14,15).
It may be related to the tumor clinical stage, tumor site,
treatment(s) used, radiotherapy site, radiotherapy dose,
radiotherapy type, follow-up time after treatment and
sample variation. The incidence of restriction in mouth
opening before and after operation is quite different (16).
Patients with oral and maxillofacial malignant tumor,
especially carcinoma of the buccal mucosa or oropharyngeal
cancer, have preoperative trismus. Studies have shown
that 55.6% of patients with oral cancer had trismus before
surgery, and 80.2% of patients with buccal mucosa cancer
had trismus after surgery (17). Another study of oral cancer
found that 47% of patients had preoperative trismus, 71%
of patients had postoperative trismus, and the prevalence of
trismus at 6 months after surgery or radiotherapy can reach
79% (3). Another study of oral and oropharyngeal cancer
study found that 30% of patients have preoperative trismus,
65% of patients have postoperative trismus (18).

The location or size of the primary lesion had a
significant effect on limitation in mouth opening. The
degree of opening in patients with T3-4 stage was
significantly less than that in patients with T1-2 stage
(24 and 35 mm, respectively) (19,20), indicating that
larger tumors is associated with a higher risk of developing
trismus. As far as tumor location is concerned, patients
with posterior buccal mucosal carcinoma (attachment of
masticatory muscles) have the highest incidence of mouth
opening limitation (11), patients with oropharyngeal cancer
also have a higher risk (5). Fifty-five percent of patients with
parapharyngeal malignancies have restricted mouth opening
symptoms at the time of diagnosis (21), while patients with
tumors located in the posterior molar area or oropharynx
are at higher risk of restriction of mouth opening than those
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located at the floor of mouth or anterior 2/3 tongue.

In terms of the treatments of different types of head and
neck tumor, trismus has been reported to 5-32% of the
patients treated for maxillary sinus carcinoma (16,22-24),
0-69% of patients treated for oral and oropharyngeal cancer
(25-27) and 0-36% of patients treated for nasopharyngeal
cancer (28-30). Based on meta-analysis (14), the prevalence
of trismus in patients with head and neck carcinoma
increased from 17.3% at baseline to a peak of 44.1% at
6 months, decreased to 32.1% at 12 months, up to 36.1% at
24 months and continued in average 32.6% at 3-10 years.

Effect of different treatments and the follow-up time
after treatment on limitation in mouth opening are
different. van der Geer ez al. (31) reported that MMO of
patients treated by surgery alone was 37 mm and treated by
radiotherapy alone 33 mm. Previous literature has indicated
that the use of radiotherapy decreased significantly
patient’s mouth opening, up to 38 mm for patients without
radiotherapy and 27 mm for adjuvant radiotherapy
(32,33). After radiotherapy, MMO of patients decreased
gradually (34). On average, MMO decreased at a rate of
1.3 % per month during radiotherapy (first 9 weeks). In the
first 9 months after radiotherapy, MMO decreased by 2.4%
per month. Between 12 and 24 months after radiotherapy,
MMO decreased by 0.2% per month (31).

This risk increases in proportion to radiation dose
and irradiated volume of anatomical structures involved
(13,35,36). Since most patients have a dose of 60-65 Gy, it
is not possible to determine a critical dose for radiotherapy.
However, previous studies have shown that radiation doses
greater than 70 Gy lead to worse trismus (2,28), and another
literature reported that the doses of radiotherapy exceeding
of 60 Gy are more likely to lead to trismus (20). The use
of soft tissue or composite free flap in the reconstruction
of head and neck cancer patients will also reduce mouth
opening but this group of patients tended to be more severe
and more likely to undergo adjuvant radiotherapy (37).

Studies have shown that there is a significant correlation
between the absorbed dose to the chewing structures and
mouth opening. As doses of radiotherapy increase, the
prevalence of the trismus increases. It was reported that
for every 10 Gy of additional radiation added to the medial
pterygoid muscles, the probability of developing trismus
increased by 24% (38). A systematic review of trismus
caused by cancer treatment showed that the prevalence of
patients with conventional radiotherapy was 25.4%, while
that of patients with intensity modulated radiotherapy
(IMRT) was 5% (35). Furthermore, the dosimetric studies
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have shown that IMRT reduces the occurrence of trismus
through this treatment modality (39).

Etiopathogenesis and causative mechanisms of RMO

Restricted mouth opening or trismus can be caused by
either intra-articular or extra-articular problems (40).
The pathogenesis of RMO or trismus in patients with
oral-maxillofacial malignant tumor can be summarized as
follows:

() Tumor factors: RMO or trismus can be caused by
local invasion of the primary or metastatic tumor
to chewing structures (2) [including the masseter,
medial pterygoid muscles, lateral pterygoid muscles,
their neural innervation, the temporomandibular
joint (TM]) and/or other supportive tissues], such
as infratemporal fossa tumor, pterygopalatine
concave tumor, maxillary sinus malignant tumor
invading posterior wall, oral cancer, oropharyngeal
cancer, etc. In addition, chewing betel nut can
cause oral submucous fibrosis (OSMF), and then
lead to restricted mouth opening (41).

(I)  Surgical factors: Patients with oral cancer (especially
in advanced stage) need extensive intraoral tissue
removal and reconstruction (skin graft, local
adjacent flap transfer or free flap). Surgery in
the area of TM]J area or the masticatory muscles
area may result in RMO. Postoperative tissue
adhesion, split thickness skin graft, surgical scar
formation may reduce the mouth opening due to
contraction and fibrosis (42). Inadequate tissue
repair, inflammation, long-term fistula after
surgery will also lead to limitation of mouth
opening. Additionally, RMO may be the result of
a mandibular fracture because the material used to
reconstruct the mandible failed (40).

(III) Radiotherapy factor: Fibrosis is thought to be
one of the biological mechanisms that lead to late
radiation-induced side effects (6,34,43). When
irradiating TM]J and masticatory muscles, patients
have the risk of developing trismus (44,45). Tumor
locations associated with this type of radiotherapy
include nasopharynx, oral cavity, base of tongue,
oropharynx, salivary gland, maxilla or mandible.
Radiotherapy not only causes fibrosis of the
masticatory muscles, but also causes fibrosis of
the soft tissues and salivary glands included in
the irradiation fields. Reduced the lubrication of
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oral mucosal and muscle dysfunction caused by
radiation-induced reduction in saliva secretion may
cause oral pain and stimulated the development of
trismus (46).

Studies have shown that immediate fixation of
fixed joints begins to produce degenerative changes,
including synovial fluid thickening and cartilage
thinning (35). The directly effect of radiation on
muscle eventually leads to fibrosis and contracture,
which gradually develops about 9 weeks after the
completion of the treatment (34,47). In addition,
radiation-induced cellulitis of the head and face
and periodontitis in the molar area can also lead
to severe mouth opening difficulties. Radiation-
induced oral mucositis and dermatitis also occur
during radiotherapy positively correlated with the
degree of difficulty in opening mouth (48).

(IV) Psychological factors: Due to the psychological fear
of pain (malignant tumor pain, postoperative wound
pain, roentgen ulcer, oral mucositis caused by local
pain), patients may be reduced the range of motion of
the mandible. Postoperative pain in the oral cavity may
restrict patient’s movement and aggravate restricted
opening due to lack of activity (49). As the jaw
movement is reduced, the muscle will show signs
of atrophy in 3 days. Similarly, fixed joint begins to
show degenerative changes, such as synovial fluid
thickening and cartilage thinning (35).

Present situation of prevention and treatment of
RMO or trismus

Drugs for the treatmment of trismus.

Some studies have found that the use of pentoxifylline
in patients with fibrosis caused by radiotherapy can
significantly increase the range of mandibular motion. The
effect of pentoxifylline on cytokine-mediated inflammatory
response. Therefore, the role of cytokines in the radiation
response process of tumors and normal tissues provides
further opportunities for the combination of drugs and
radiation. And there was a literature said that pentoxifylline,
a methylxanthine derivative, has a broad application
prospects in the field of cancer (50). However, some
literatures reported that drug treatments may be ineffective,
such as pentoxifylline and hyperbaric oxygen (50,51).
Although injecting botulinum toxin into the masticatory
muscles can effectively relieve pain, it has been reported
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to have potential benefits in the treatment of certain
complications of radiation fibrosis syndrome (20,52).

Surgical treatment of RMO

The common surgeries to improve limited mouth opening
include reconstruction of tissues of traditional non-
microsurgical surgery (53-55) (buccal fat pads, tongue flaps,
nasolabial flap, split thickness skin graft, myotomy and
coronoidectomy), microsurgical free flap reconstruction
surgery (56), the jaw joints endoscopic release, the joint
cavity lavage under endoscopic technique.

Studies have shown that after surgical treatment
(complete release or removal of fibrotic tissue, marginal
mandibulectomy, ipsilateral resection of the coronoid
process, and ipsilateral myotomy of the temporalis muscle's
insertion, medial pterygoid muscle, and masseter muscle),
sufficient free tissue flap can be used to repair the defect,
and postoperative rehabilitation training can effectively
alleviate the prevalence of limitation in mouth opening (57).

Due to radiation-induced masticatory muscles fibrosis
attached to the coracoid process, coronoidectomy can
prevent and cure trismus following radiotherapy. In surgically
treated patients, when the tumor approaches the coronoid
process, coronoidectomy is recommended to prevent
the progression of RMO during tumor resection (20).
After coronal resection, the patient’s MID usually increases
immediately by at least 20 mm, and half improves by 30 mm.

After tumor excision, simultaneous reconstruction using
an anterior thigh flap, MMO immediately increased at 21.4
and 16.5 mm after 1 year (58). Although a few studies have
found surgical treatment improves outcome, there are no
guidelines as to when the surgery must be initiated in such
situations.

Radiotherapy treatment

Radiotherapy is one of the most important causes of
trismus in patients with oral and maxillofacial malignant
tumors. Studies showed that in up to 50% of patients with
radiotherapy suffer from temporomandibular joint and
masticatory muscle injury(5), which results in reactive
exudation and adhesion, and then fibrosis forms contracture,
with limited opening and even closed teeth. the maximum
opening degree after radiotherapy is 18-32% less than that
before radiotherapy (33).

Since 1989 (59), radiation techniques such as three-
dimensional conformal radiotherapy (3DCRT ) and
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intensity-modulated radiotherapy (IMRT) have been used
to treat head and neck cancer and reduce radiation damage
to normal tissues.

Graff er al. (60) showed that IMRT produces less oral
complications than conventional radiotherapy. Radiation
induces masticatory muscles fibrosis, leading to loss of
function and necrosis of bone and soft tissue (34). Based on
the above information, the best way to prevent radiation-
induced RMO is to minimize the radiation doses to the
TM] and the muscles of mastication. Nowadays, the
widespread use of new forms of RT, and especially IMRT,
not only the accuracy of radiotherapy and protects normal
tissues, but also has a lower risk of osteonecrosis of the jaw,
less oral dryness, relatively mild pain, and a lower incidence
of oral mucosal inflammation that greatly improves
patient quality of life without compromising the necessary
therapeutic dose (3).

Physical therapy and exercise therapy

Exercise therapy is the main treatment of trismus, although
there is a limited evidence to prove the effectiveness of
exercise therapy. As the reported that trismus evolved most
rapidly during the first 9 months after therapy and then
ceased to progress in most patients (61). Oral opening
training should start as soon as possible after surgery and
should begin during RT. Exercise should be carried out
as frequently as possible, especially in the vertical and
horizontal range of exercise practice.

Various treatments for RMO (trismus) have been
reported, including use of supportive measures, such as
frequent use of muscle relaxants muscle relaxants, hot
compresses or hyperbaric oxygen (46) and range of motion
exercises, use of mechanically assisted like rubber stoppers,
wooden tongue blades, spatulas, finger stretching, spring
appliances, the jaw stretching device, and the TheraBite
exercise rehabilitation system.

According to literature report that the exercise program
includes the following three steps: (I) warm-up exercise,
that is, opening the jaw 10 times without using the jaw
device, and make the jaw perform 10 times small sideway
movements; (II) passive stretching with the jaw-mobilizing
device and conventional mouth devices (tongue-spatula,
etc.) for 30 s (if possible), to be repeated five times; and (I1I)
five repetitions of active exercise (bite toward resistance).
Asking patients to relax in each session and to gradually
increase the amount and intensity of the exercise to avoid
pain or injury. The protocol is a 12-week structured exercise
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plan that includes exercise 9 times per day. During the
program, the patients were evaluated by oral surgeons, who
measured MIO after 12 weeks of intervention (62).

The cheapest option is to use a tongue depressor, which
has been used to mobilize the jaw for many years, but
a search of the literature has not found any studies that
proved an obvious improvement in the treatment of trismus
with tongue depressor (35). The current clinical evidence
shows that the maximum mouth opening of patients
with exercise intervention or using TheraBite® exercise
rehabilitation system is significantly better than that of
patients without auxiliary exercise (7,63).

For patients who exercise with TheraBite® exercise
rehabilitation system, they will be asked to follow two
protocol: (I) the 5-5-30 protocol for 5 sessions per day, five
openings/closing per session, 30 s stretch for each opening;
(I) the 7-7-7 protocol which is seven sessions per day, seven
openings/closing per session, seven seconds stretch for each
opening. This system has been selected after consultation
with Platon medical which manufactures the equipment
and has global experience in using the device. About
3/4 weeks after surgery, the patient will start using
TheraBite® to exercise. Postsurgical maximum mouth
opening and health-related quality of life (HRQoL)
assessments will be performed at 3 to 4 weeks after surgery.
This is the optimal time before the start of radiation
therapy. Follow-up evaluations will take place at 3 and
6 months after the start of the intervention (64). According
to the literature, it is essential that the use of TheraBite®
should be encouraged and maintained maximum benefits
for patients with mandibular hypomobility as early as
possible (65).

Before starting the intervention, the medical staff
asked the patients to fill in a questionnaire to assess the
patient’s open-mouth condition and specify a personalized
intervention protocol, so as to improve the obedience of
patient training, improve the patient’s HRQoL, and reduce
the burden on the patient, family and society.

External factors for the effect of intervention

The most important and frequently mentioned factors
are the internal motivation to exercise and the perceived
influence of exercise, both of which have a positive effect
on persistence; perceiving no effect will have a negative
effect. Pain is an important factor affecting the transition
from intrinsic motivation to exercise intention. Due to the
involuntary nature of TheraBite® exercise, the key factors
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for developing internal motivation are the necessity of
exercise, the setting of goals, the belief, self-discipline, and
the fear of what might happen when not exercising.

Another external factor that influenced exercise
adherence is the treatment of trismus by medical staff.
Physicians not only act as motivators, but also indirectly
affect compliance indirectly by reducing the fear of exercise.
Some literature shows that family and lack of time has no
significant impact on participants’ exercise compliance.

Pain, anxiety, and medical workers have a positive and
negative impact on the persistence of TheraBite® exercise.
Initially, persistence is achieved by internal motivation (66).
The second stage starts when the patient is aware of the
impact of exercise, which is the most important factor in
maintaining internal motivation.

Conclusion and prospect

Restricted mouth opening (trismus) in oral and maxillofacial
malignant tumor has a profound influence on the quality of
life of the patients, reducing the effects of rehabilitation and
wellbeing. It is a significant complication of oral malignancy
or its surgical and/or radiotherapy. As restriction becomes
more severe and possible irreversible, the need for treatment
becomes more urgent. Early treatment of restricted mouth
opening (trismus) has the potential to prevent or minimise
many of the consequences of this condition.

There are no specific treatments for trismus. The
current strategy emphasizes prevention. Current strategies
emphasize prevention, in instances of existing trismus,
collaboration between professionals to establish pain
control, prevent the progression of trismus, and restore
function. Medical personnel can make a set of systematic,
simple and feasible mouth-opening exercise methods to
encourage patients to insist on long-term exercise to 1
year after radiotherapy, and give patients effective training
guidance. Of course, how to develop a sophisticated,
standardized and personalized TheraBite® rehabilitation
systems for the prevention and treatment of restricted
mouth opening or trismus, and to provide clinical guidance
for the follow-up of patients with oral cancer treatment,
remains to be studied.
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