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Abstract
Objectives This study investigated the clinical effectiveness of intervention with an open-mouth exercise device designed to
facilitate maximal interincisal opening (MIO) and improve quality of life in patients with head and neck (H&N) cancer and oral
submucous fibrosis (OSF).
Materials and methods Sixty patients with H&N cancer, OSF, and trismus (MIO < 35 mm) participated in the functional
rehabilitation program. An open-mouth exercise device intervention group and conventional group, each consisting of 20
patients, underwent a 12-week training and exercising program and follow-up. For the control group, an additional 20 patients
were randomly selected to match the demographic characteristics of the aforementioned two groups.
Results The patients’ MIO improvements in the aforementioned three groups were 14.0, 10.5, and 1.3 mm, respectively.
Conclusion Results of this study confirm the significant improvement in average mouth-opening range. In addition, according to
patient feedback, significant improvements in health-related quality of life and reductions in trismus symptoms occurred in the
open-mouth exercise device group.
Clinical relevance This newly designed open-mouth exercise device can facilitate trismus patients with H&N cancer and OSF
and improve mouth-opening range and quality of life.
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Introduction

Trismus refers to a reduced ability to open the mouth and is a
common symptom in patients with head and neck (H&N)
cancer and oral submucous fibrosis (OSF). Trismus limits an
individual’s mouth-opening range and alters various aspects
of health-related quality of life (HRQL) and an individual’s
activities of daily life including persistent problems with eat-
ing, chewing, swallowing, and oral hygiene. Impaired HRQL

subsequently damages patients’ physical and psychological
health [1], which in turn can lead to poor nutritional condition
and depression; these symptoms have been observed in many
previous studies [2].

Previously documented risk factors for cancer-associated
trismus include tumor size, high radiotherapy dose, and tumor
location, while OSF-related trismus primarily results from
mucositis. The mucositis and muscle fibrosis caused by
cancer-associated and OSF-related factors both lead to the
development of trismus [3–6].

The definition of trismus (i.e., maximal interincisal open-
ing [MIO] of 35 mm) described by Dijsktra [7] has been used
extensively in studies investigating trismus in patients with
H&N cancer and those with OSF and was used in the present
study. This definition has facilitated the comparison and study
of various outcomes in different individuals.

Various devices have been applied in the treatment of
oncological- and OSF-related trismus, including passive
mouth-opening devices such as tongue depressors or spatulas
that are placed between the teeth. Moreover, a rubber hose
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could provide better mouth opening ability with high patient
satisfaction. However, these conventional treatments exposed
difficulties in training protocol design, unpredictable out-
comes, and lack of patients’ subjective feedback [7].
Recently, the Therabite and Dynasplint (DTS) devices, which
are available with a complete set of training protocols, have
become increasingly popular in the Western world. With this
type of newly designed mouth-opening exercise device, im-
proved outcomes have been reported with better cost-
effectiveness than traditional methods [8–10].

Thus, currently, there is no consensus on treating trismus
related to H&N cancer and OSF. Some patients are encouraged
to receive medication, whereas some authorities encourage
physical training. Several studies have revealed that open-
mouth exercise devices are effective for the treatment of tris-
mus. However, these studies have not used prospective designs
or included patient feedback evaluations (PFEs). Therefore,
data regarding the outcome of trismus treatment in relation to
patients’ experiences and feedback are limited [11].

The present study aimed to investigate the therapeutic ef-
fect of the EZBite device and HRQL outcomes in trismus
patients with H&N cancer and OSF.

Methods and materials

EZBite

The EZBite device is an open-mouth training device 6.1 ×
5.8 × 10 cm in size and weighing 78 g. The device is
manufactured from polyvinyl chloride plastic and stainless
steel. The strength afforded by occlusal function is
25 kg/cm2 and the operation temperature range is 20–60 °C.
The minimal width of the open mouth is 0.5 cm (5 mm).
Therefore, the device is limited to trismus patients with
open-mouth ranges > 5 mm (Fig. 1). The mechanical action
of the device involves passive mouth-opening exercises, and
the EZBite is controlled by the patient. Both upper and lower
mouthpieces parts are placed between the teeth in maxilla and

mandible. The stretching range is 5 mm when the handle of
the EZBite is squeezed.

Subjects

All patients with H&N cancer and OSF were recruited from
the Tri-Service General Hospital (TSGH, Taipei City, Taiwan)
at the multidisciplinary tumor conference held once every
2 weeks. Patients diagnosed with H&N cancer and OSF in
2016 or 2017 were asked to participate in this study.

The inclusion criteria for this study were trismus with OSF
and trismus with H&N cancer status post-surgery with or
without radiation therapy. Patients with recurrent H&N tu-
mors, poor general health, difficulties with completing ques-
tionnaires, and who are edentulous were excluded from this
study.

Patients living in Taipei City underwent regular follow-up
and detailed clinical evaluations conducted by one oral sur-
geon from an oral and maxillofacial surgery (OMFS) clinic in
TSGH. Those who developed trismus after developing H&N
cancer and undergoing OSF treatment were invited to attend
an intervention program for the treatment of trismus. In the
case of coexisting acute mucositis or painful mouth symp-
toms, intervention was initiated as early as patients’ oral status
allowed. For geographical reasons, only patients living in
Taipei City were included in this study. The conventional ex-
ercise group and control group were comprised of patients
living in Taipei City and matched according to sex, tumor
location, tumor stage, comorbidity, radiation dosage, and age.

The patients in this study were divided into three groups.
The conventional exercise group and control group followed
the standard medical center schedule in Taiwan for follow-up
visits according to the local guidelines, which included regular
MIO measurements by staff members recruited from an
OMFS of TSGH. A structured intervention program was in-
troduced to the participants during the time of trismus occur-
rence in each of the three groups. The EZBite device was used
specifically for improving mouth-opening performance in the
EZBite exercise group.

470 Clin Oral Invest (2019) 23:469–476

Fig. 1 The product of EZBite
device



Trismus intervention

The exercise program was a 12-week structured exercise pro-
gram involving exercise nine times per day. The program
consisted of the following three steps: (1) warm up move-
ments, namely jaw opening ten times and small sideway
movements of the jaws ten times without using the jaw device;
(2) passive stretching with the jaw-mobilizing device and con-
ventional mouth devices such as a tongue depressor for 30 s (if
possible), to be repeated five times; and (3) five repetitions of
active exercise (bite toward resistance). Patients were
instructed to relax between each session and to gradually in-
crease the amount and intensity of the exercises to avoid pain
or injury. During the program, the patients were evaluated by
an oral surgeon who conducted MIO measurements after
12 weeks after intervention commencement.

The patients in control group of this study were selected
from patients originally in the other two groups, who did not
comply with instructions. The patients received written and
oral instructions and the EZBite device was demonstrated to
the patients by an oral surgeon (Fig. 2).

Endpoints and assessment

The primary endpoint in this study was MIO. The secondary
endpoint was a questionnaire surveying trismus-related symp-
toms and HRQL before and after treatment. A multidimen-
sional study protocol was used to evaluate functional out-
comes before and after the trismus exercise program. The
protocol includedMIO, weight, height, sociodemographic da-
ta, treatment regimens, and tumor classification. TNM classi-
fication and tumor staging results were retrieved according to
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the system of classification determined by the National
Comprehensive Cancer Network of the USA.

MIO

The criterion for trismus (MIO < 35 mm), suggested by
Dijsktra et al. [7], was used. MIO scores were measured using
a ruler with the patient in an upright position. MIO was mea-
sured as the maximal distance between the edges of the inci-
sors of the mandible and the maxilla and expressed in mm.

PFE

The Gothenburg Trismus Questionnaire (GTQ) is a newly
developed and validated symptom-specific trismus question-
naire. The GTQ has been well accepted by patients, has satis-
factory compliance with low rates of missing items, and has
exhibited good psychometric properties (validity and reliabil-
ity). The questionnaire design modified the acceptable items
of the GTQ, which contains 12 items divided into three do-
mains, namely jaw-related problems (four items), eating lim-
itations (four items), and muscular tension (two items), and
two additional items that were retained as single items. The
domains and single items were scored within a range of 0–
100, in which 100 indicates the maximal number of symptoms
and 0 indicates the absence of symptoms.

Statistical methods

Because of the small sample size in the present study, the
Kruskal-Wallis test was applied to examine the correlation
between and statistical significance of differences among the
groups. All tests were conducted at 5% significance level.

Results

Patient characteristics

In total, 60 patients were identified, of whom 48 had trismus
related to H&N cancer and 12 had trismus not related to can-
cer. Twenty-four patients with trismus related to H&N cancer
were referred to the Department of Radiation Oncology for
further radiation therapy. No data regarding MIO before treat-
ment was available for these patients. Patient characteristics,
diagnosis, and tumor localization are summarized in Table 1.

Twenty patients with trismus were enrolled in this study
and allocated to the EZBite group, with another 20 enrolled
in the conventional group. An additional 20 patients were
enrolled during the same period as a control group. Except
for the latter 20 patients, all patients completed the interven-
tion program. In the EZBite group, the patients received treat-
ment for trismus with the EZBite device. The patients in the
conventional group used a conventional jaw-opening device

Table 1 Demographic data of the
participants in three groups EZBite intervention

group (n = 20)
Conventional exercise
group (n = 20)

Control group
(n = 20)

Mean (range) Mean (range) Mean (range)

Age mean (range) 56.4 (37–75) 54.2 (30–67) 55.8 (30–72)

Gender n (%) n (%) n (%)

Male 13 (65) 12 (60) 16 (80)

Female 7 (35) 8 (40) 4 (20)

Treatment regimens

Surgery only 5 (25) 3 (15) 6 (30)

Radiochemotherapy 6 (30) 5 (25) 5 (25)

Radiotherapy + surgery 7 (35) 10 (50) 7 (35)

Tumor location

Buccal 4 (20) 2 (10) 3 (15)

Lip 4 (20) 4 (20) 4 (20)

Gingiva 5 (25) 6 (30) 5 (25)

Retromolar area 3 (15) 4 (20) 4 (20)

Tumor staging

I 2 (10) 2 (10) 3 (15)

II 2 (10) 2 (10) 4 (20)

III 6 (30) 4 (20) 6 (30)

IV 6 (30) 8 (40) 3 (15)

OSF 4 (20) 4 (20) 4 (20)
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with a tongue depressor or rubber hose. Due to difficulties in
complying with instructions, the 20 patients in the control
group used their own methods of manual stretching during
the training course. No patients in the control group used the
EZBite device or conventional jaw-opening device (Table 1).

MIO

The EZBite group had higher mean MIO outcomes than the
conventional and control groups and with differences that
were statistically significant. At the end of the intervention,
the mean MIO improvements were 14.0 mm in the EZBite
group, 10.5 mm in the conventional group, and 1.3 mm in the
control group. Changes in MIO before and after treatment
with the EZBite are presented in Table 2.

However, patients who could not comply with the treat-
ment recommendations, grouping in the control group, did
not demonstrate significant improvement (pretreatment to
post-treatment MIO, 14.2–15.5 mm; p = 0.88). No complica-
tions were reported during treatment with the EZBite.

PFE

A questionnaire to evaluate the improvement in participant
HRQL was designed. The questionnaire included 12 items,
with 10 items divided into three domains: jaw-related prob-
lems (4 items), eating limitations (4 items), and muscular ten-
sion (2 items). The remaining two items were retained as sin-
gle items. The domains and single items range from 0 to 100,
in which 100 refers to maximal amount of symptoms and 0
indicates the complete absence of symptoms.

The results revealed improvement in the participants’
HRQL, including those related to jaw-related problems, eating
limitations, muscle tension, jaw limitations, and social activi-
ty, which were reflected in the patients’ PFEs based on the
score improvements in the questionnaire.

Before the intervention, there were no significant differ-
ences in the questionnaire scores between the three groups.
At the end of the treatment period, the scores contained sig-
nificant differences between the groups in all three domains

(jaw-related problems, eating limitations, and muscular
tension) and two single items, indicating a significant decrease
in trismus-related symptoms in the EZBite group (Table 3). It
is especially important to note that improvement in social
activity resulted in the restoration of the patients’ inter-social
relationships. Moreover, this result supported our post-
treatment expectations, rather than simply an increase inMIO.

Discussion

Previous studies have demonstrated improvements in mouth-
opening range after jaw exercise in patients with H&N cancer
and trismus. Three retrospective studies found evidence that
jaw-mobilizing devices, such as the Therabite® device and
Dynasplint System®, are effective for the treatment of trismus
[6–8]. However, to our knowledge, few prospective studies
have investigated the impact and influences of exercise-
based treatment on patients with H&N cancer and trismus.
In addition, various measurement methods and experimental
designs have rendered results diverse and difficult for analyz-
ing further outcomes. We are devoted to developing accurate
experimental designs and conducting comprehensive result
analyses, and we look forward to conducting further studies.
Despite the limited sample size in this study, we attempted to
surpass the results of previous retrospective studies.

We found the greatest improvement in the EZBite group,
including that of MIO from 15.7 to 29.7 mm and various in-
creases in aspects of HRQL based on quantitative evaluations of
the GTQ scores. Compared with the improvement of 6.4 mm
achieved using the Therabite system in the previous studies, the
EZBite training device demonstrated a greater capability for in-
ducing MIO improvement.

Reduction in the increased MIO was a major problem after
completion of the mouth-opening training program. Aspects
of the treatment modality of MIO improvement remain con-
troversial. For example, physical therapy is generally consid-
ered to be the mainstay of trismus treatment and is often used
independently or in combination with other modalities.
However, according to several studies, treatment choices and

Table 2 Treatment results after
different regimens MIO (mm) EZBite group Conventional group Control group p value

Before intervention 15.7 (12.1–17.3) 14.8 (11.9–18.8) 14.2 (13.1–15.2) p = 0.523

Mean (mm) (CI)

3 months after treatment 29.7 (27.1–32.5) 25.3(19.7–27.1) 15.5 (12.9–17.3) p < 0.001

Mean (mm) (CI)

Change in MIO (mm) △14.0 (12.1–16.7) △10.5 (6.3–12.5) △1.3 (0.6–1.4) p = 0.021

Mean (mm) (CI)

Change in MIO (%) △89.2 (70.1–93.5) △70.9 (55.3–89.9) △8.6 (4.8–12.5) p = 0.015
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outcomes remain limited after the occurrence of relapse
[9–11]. Because of the case selection time, we did not record
the relapse conditions of our participants. We still believe that
these are major problems in maintaining positive treatment
outcomes. We intend to perform further investigations to ex-
amine how to maintain positive outcomes.

We should mention that healthy anterior dentition was not-
ed in all of our participants, without the appearance of peri-
odontitis or partial edentulous anterior dentition. In addition,
these patients are not suitable for this device given the diffi-
culties in manipulation and higher risks to teeth and for soft
tissue trauma. Further consideration should be given when
recommending the device [12].

The present investigation was designed as a pilot
study to further explore the efficacy of the EZBite device
as part of a multimodal treatment strategy for reducing
trismus. However, we used measurements of participants’
passive mouth opening rather than active mouth opening
to acquire objective data. In our opinion, data from ac-
tive mouth opening and further long-term follow-up will
better reflect the real-life situations of patients’ long-term
HRQL. Therefore, further evaluation of the possibility of
relapse should be a focus in further studies. Other diffi-
culties include short-arm force, which causes hand ma-
nipulation difficulties according to our participants.
Further ergonomic correction should be considered in
future studies [13].

Our study had two main advantages: first, the partic-
ipants’ MIO and HRQL significantly improved after
using the EZBite device and second is the cost-
effective characteristics of our device, which is available
to patients at a price five times lower than that of the
Therabite device. Thus, we intend to encourage more
patients to use the EZBite device to achieve more posi-
tive treatment experiences and outcomes.

Our study had several limitations, including selection bias
and a small sample size. In the future, we hope to adopt a
longer tracing time to further examine the relationship be-
tween relapse and our treatment design.

Conclusion

Regular rehabilitation and adequate device assistance facili-
tate the maintenance of an increased MIO and increased
HRQL among patients with H&N cancer and trismus. We
intend to conduct further investigations and develop new treat-
ment regimens in subsequent studies.
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