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Introduction

Summary The aim of this review was to identify systematically, criteria for
trismus in head and neck cancer, the evidence for risk factors for trismus and the
interventions to treat trismus. Three databases were searched (time period 1966 to
June 2003) for the text “trismus” or “restricted mouth opening”. Included in the
review were clinical studies (> 10 patients). Two observers independently assessed
the papers identified. In 12 studies nine different criteria for trismus were found
without justifying these criteria. Radiotherapy (follow-up: 6—12 months) involving
the structures of the temporomandibular joint and or pterygoid muscles reduces
mouth opening with 18% (sd: 17%). Exercises using a therabite device or tongue
blades increase mouth opening significantly (no follow-up), effect sizes (ES) 2.6 and
1.5 respectively. Microcurrent electrotherapy (follow-up 3 months) and pentoxif-
ylline (no follow-up) increases mouth opening significantly (ES for both: 0.3).

© 2004 Elsevier Ltd. All rights reserved.

spective study design. Authors that do provide
criteria for trismus do not explain why they define

Trismus is a well known complication of head
and neck cancer treatment.'? The prevalence of
trismus after head and neck oncology treatment
ranges from 5% to 38%.3* This large range in
prevalence may be attributed to lack of uniform
criteria, visual assessment of trismus and retro-

“Corresponding author. Address: Department of Rehabilita-
tion Medicine, University Hospital Groningen, P.O. BOX 30.001,
9700 RB Groningen, The Netherlands. Tel.: +31-50-3610297; fax:
+31-50-3611708.

E-mail address: p.u.dijkstra@rev.azg.nl (P.U. Dijkstra).

trismus in that specific way.3®

Risk factors for trismus in head an neck oncology
have been described including tumours in the re-
gion of mouth closing muscles, radiation of the
temporomandibular joint or the muscles of masti-
cation, especially the medial pterygoid muscle but
again retrospective research designs may flaw the
conclusions of the studies.'

Many case studies are published to illustrate
treatment options for trismus.”'" Also many re-
views and or clinical guide lines are published how
to prevent or treat trismus."'2'® However, the

1368-8375/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.
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evidence supporting these prevention and treat-
ment programs is usually not provided. Thus, until
now the prevention and treatment of trismus
seems to be based on clinical experience and good
clinical practice.2'%"7

Aim of this review was to identify systematically
criteria for trismus, evidence for risk factors for
trismus and interventions to treat trismus.

Methods

Literature databases, Medline, Embase, Cinhal
were searched for “trismus” and “restricted mouth
opening” in title, abstract and Mesh terms. Addi-
tionally in each database the free text words were
combined with the data base specific Mesh term for
"head and neck oncology” which includes the term
“oral oncology”. The time period over which was
searched was 1966 to June 2003.

Included in this review were clinical studies with
10 or more patients written in Dutch, German and
English. Excluded were non-systematic reviews,
clinical recommendations concerning, surgical
procedures, dental hygiene during oncology treat-
ment or exercise programs, letters to the editor,
case reports or case series (n < 10), studies not
involving patients, studies not concerning head and
neck oncology and papers written in other lan-
guages than the above mentioned.

All papers identified in the searches were re-
trieved from the library and were selected on the
basis of the inclusion criteria by the first author
(PD) after reading the abstract. The selected pa-
pers were copied and assessed independently by
two observers (PD and WK) according to the crite-
ria designed for this study. The following criteria
were assessed,

1. prospective study (yes, no),

2. inclusion criteria described (yes, no),

3. percentages or numbers of men and women in-
cluded in the study reported (yes, no),

4. descriptive statistics, mean and sd, or median
and inter quartile range, for age reported
(yes, no),

5. location of tumour reported with sufficient de-
tail, for instance floor of the mouth, tongue,
salivary glands etc. oropharyngeal or oral cavity
tumour is not detailed enough (yes, no),

. baseline assessment of mouth opening (yes, no),

. criteria for trismus described (yes, no),

8. trismus described in subjective terms, for in-
stance patients experience stiffness during
mouth opening or patients experience a re-
stricted mouth opening during eating (yes, no),

N o

9. trismus measured (yes, no),

10. measurement instrument described (yes, no),

11. repeated measurements performed to increase
reliability (yes, no),

12. percentage or number of patients with trismus
described (yes, no),

13. number of patients included in the study
(10— <29, 30— <99, 100 or more),

14. number of patients assessed for
(10— <29, 30— <99, 100 or more).

trismus

The assessments of both observers were entered
in a database and Cohen’s k was calculated for
dichotomous data (criteria 1—12) and a linear
weighted « was calculated for ordinal data (criteria
13 and 14). A consensus meeting was held between
the two observers to discuss discrepancies in
assessment. Consensus was reached by means dis-
cussion if no consensus could be reached the
assessment of the third author (JR) would be
binding.

Results

A total of 203 papers were identified in the da-
tabases. (References available on request at the
corresponding author.) Of these papers, 24 were
excluded because they were written in a foreign
language not understandable for the authors. Of
the remaining 179 papers the majority of papers
were clinical studies (n = 77). The two observers
assessed these papers. During the assessment pro-
cess 11 additional papers were excluded because
they involved a survey among hospitals about
treatment regimes for head and neck oncology
patients, intubation procedures, reconstructive
surgery, trauma or trismus was not evaluated
(Table 1) (Appendix A: list of selected papers).

For the inter observer agreement of dichoto-
mous data Cohen’s k was 0.79 and for ordinal data
a linear weighted x was 0.88. One paper was only
assessed by the first author because it was identi-
fied after the consensus meeting.

The number and percentages of papers meeting
the different criteria are presented in Table 2.
When the scores of the criteria 1—12 are summed,
the mean sum score is 5.5 (sd: 1.6) the median sum
score is 5.0 (inter quartile range: 5—6.3). Sixteen
papers (24%) of the papers had a sum score of 7 or
more. In 12 studies nine different criteria for tris-
mus were found (Table 3). Some authors defined
trismus dichotomously as a mouth opening less
than 40 mm where as other authors defined trismus
as a mouth opening less than 20 mm. Three authors
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Table 1 Types of publications found in the search

Publications

Excluded % (n) Included % (n)

Publications in other languages®
Bulgarian
Chinese
French
Greek
Hungarian
Italian
Japanese
Polish
Portuguese
Turkish

Publication type
Case study or case series involving <10 patients
Clinical recommendation
Review
Systematic review
Letter
Clinical study involving > 10 patients 37.9% (77)
Relevant for the review
Not relevant
Survey of hospitals
Intubation procedure
Reconstructive surgery
Trismus not evaluated
Trauma

Total

11.8% (24)
1

SN =R NW=a N0 W

26.6% (54)
15.8% (32)

4.4% (9)
3.4% (7)
32.5% (66)
3.6% (1)
1
1
2
6
1
67.5% (137) 32.5% (66)

2 Papers published in other languages than English, German or Dutch.

Table 2 Percentage and number of publications fulfilling assessment criteria

Assessment criteria % (n)
Prospective study 27% (18)
Inclusion criteria of the study described % (63)
Percentages or numbers of men and women reported % (53)
Descriptive statistics for age reported 12% (8)
Location of tumour reported with sufficient detail 94% (62)
Baseline assessment of mouth opening % (13)
Criteria for trismus described 18% (12)
Trismus described in subjective terms % (10)
Trismus measured % (8)
Measurement instrument described 5% (3)
Repeated measurements performed 2% (1)
Percentage or number of patients with trismus described % (57)
Number of patients included in the study?

10— <29 29% (22)
30—<99 46% (30)
100 or more 26% (17)
Number of patients assessed for trismus

10—<29 33% (22)
30—<29 46% (30)
100 or more 21% (14)

@ Due to rounding off the percentages exceed 100%.
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Table 3 Criteria® for trismus according to different authors

Authors Mouth opening (mm) Lateral movements
Nguyen et al. (1988)¥ <40 -
Steelman and Sokol (1986)>* <35 -
Ichimura and Tanaka (1993)% <35 -
Teo et al. (2000)?° <30 -
Chua et al. (2001)" <25 —
Foote et al. (1990) [minimal trismus]* 20-30 -
Teo et al. (1998)* <20 -
Chang et al. (2000) [severe trismus]*? <20 -
Jen et al. (2002)° <20 -
Sakai et al. (1988)°
Normal <30 =
Moderately restricted 20-30 —
Severely restricted <10 -
Thomas et al. (1988)3
Light >30 —
Moderate 15—-30 =
Severe <15 =
Bertrand et al. (2000)°33
Grade 1 >40 Difference < 25%
Grade 2 >30 Difference > 25%
Grade 3 <25 No lateral movements

2 Criteria are literally reproduced from the text.

b Steelman citing Gelb (1977).34 However, in that book no justification is provided for this criterion.
¢ Criteria for vertical as well as horizontal movements should be fulfilled.

define trismus according to a more gradual scale of
which one also includes horizontal movements.
None of these studies provided justification for
these criteria.

Papers were selected for detailed review if they
met three assessment criteria; prospective study
design, base line assessment of trismus and mea-
surement of trismus.

Four paper fulfilled these criteria (Table 4).'8 2
The assessment scores of these papers ranged from
6 to 11 points. Two cohort studies evaluated the
effects of Microcurrent therapy and Pentoxifylline
on mouth opening. One RCT analysed the effects of
different exercise programmes on mouth opening.
Finally one cohort study analysed the effects of
radiotherapy on mouth opening. To compare ef-
fects of the interventions effect sizes (ES) were
calculated:

ES = MeaNchange /Sdpretreatment

Exercises using a therabite device or tongblades
increase mouth opening significantly (no follow-
up), effect sizes (ES) 1.5 and 2.6 respectively.
Pentoxifylline (no follow-up) and Microcurrent
therapy (follow-up: 3 months) increase mouth sig-
nificantly. Effect size of both interventions was
0.3. Radiotherapy involving the structures of the
TMJ and or pterygoid muscles reduces mouth

opening with 18% (sd: 17%) (follow-up: 6—12
months). For an overview of the finding see Table
4,

In a posthoc analysis the English abstracts or
titles were analysed of the papers that were
excluded because of the language they were
written in. Of the 24 papers there were three
case studies, four clinical recommendations or
reviews, four clinical studies of which one was
retrospective, and of nine publications the ab-
stracts were not available in the data bases.
Three did not have trismus as a topic of study
and one publication was similar to an English
publication of the same author, judged on the
basis of the abstract. Thus at the most 12 pub-
lications, three clinical studies and nine papers of
which the English abstracts were not available in
the data bases, might have been reviewed in this
study also.

Discussion

Of all papers about trismus only 37% (66/179)
were clinical studies and were evaluated system-
atically. The overall quality of papers reviewed
was moderate to poor. Only 24% of the papers had



Table 4 Overview of the studies and their results

Author Study type Intervention/dosage Included n, Evaluated  Follow-up Outcome in 95%Cl ES
inclusion criteria mm, mean
change (sd)
Buchbinder RCT 10 exercise sessions 21, mouth opening 21 -
et al. (1993)%° per day, over < 30 mm, radiation
10 weeks completed <5 years
Therabite 13.6 (6.6) 8.6 to 18.7 2.6
Tongblades 6.0 (2.6) 3.6 to 8.4 1.5
Forced opening 5.4 (4.4) —0.05 to 10.9 1.1
Chua et al. Cohort 8 weeks Pentoxifylline/ 20, mouth opening 16 - 4.0 (6.3) 0.6 to 7.4 0.3
(2001)"° 400 mg 3 times daily <25 mm, radiation
completed > 6 months
Lennox Cohort Microcurrent therapy/ 26, detectable fibrosis 23 3 months 2.6 (2.4) 0.1 to 3.6 0.3
et al. (2002)® 10 treatments in
5 days
Goldstein Cohort Radiotherapy 58, head and neck 58 6—12 months —18% (17%)

et al. (1999)

oncology

ES: effect size was calculated as meanchange/ Sdpretreatment -
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a sum score of more than half of the maximal
score. When three selection criteria (1, 6, and 9)
were applied only four studies fulfilled these cri-
teria.

Assessment criteria

For systematic reviews analysing randomised
clinical trials, assessment criteria lists are avail-
able.?? We did not use these lists because we
were not only interested in RCTs but also in
prognostic research and cohort studies (observa-
tional studies). The criteria list used was based on
basic requirements of research methodology and
statistical description of the population under
study.

To assess risk factors and treatment strategies,
studies should at least be prospective because
otherwise several forms of bias (selection bias and
information bias) may be introduced in the study.
One of the principal requirements of a study is that
inclusion criteria are described. Additionally, the
study population should be described with suffi-
cient detail using adequate statistics. These ade-
quate statistics enable data pooling in case of
meta-analysis. Many studies describe the study
population with respect to age according to mean
and range, however, these statistics are inade-
quate for data pooling and, thus, should be re-
placed by mean and standard deviation or median
and inter quartile range.?? If risk factors for trismus
are to be analysed, sufficient detail should be
provided with respect to location of the tumour.
*“Oropharyngeal tumour” or “tumour of the oral
cavity” tumour is not detailed enough. A tumour of
the buccal mucosa or cancer of the anterior floor of
the mouth may not lead to trismus at all, whereas a
tumour of the retromolar region may have a high
risk for inducing trismus, despite this they are both
tumours of the oral cavity. For evaluation of risk
factors for trismus or treatment effectiveness,
base line assessment of trismus is required. Be-
cause no gold standard exists as to which amount of
mouth opening should be regarded as trismus, cri-
teria for trismus were assessed. It appeared that a
wide range of criteria was used without docu-
menting why these specific criteria were used. It is
unclear when a restricted mouth opening results in
functional limitations such as problems with biting,
chewing, yawning, etc. To overcome this dilemma
trismus might be assessed in subjective terms such
as “Does your mouth opening feel restricted” or
“Are you limited in eating because of your mouth
opening”. Only 10 studies described trismus sub-
jectively.

For adequate evaluation of trismus, mouth
opening should be measured, because visual
assessment of mouth opening is highly inaccurate
and leads to discrepancies between the assessed
mouth opening and the actual mouth opening. For
a reliable assessment of mouth opening, repeated
measurements should be performed.?*

To obtain a rough estimation of the power of the
study and the drop out rates, the numbers of pa-
tients included and evaluated for trismus were as-
sessed.

Excluded studies

Cases studies were not included in this review
because they are highly susceptible for selection
bias and case studies are more or less anec-
dotal. They serve either to illustrate a rare case,
a rare complication or a new treatment strategy.
Case studies and case series may be interesting
from a clinical point of view but from a statis-
tical point of view case series and case studies
lack power. As cut off point for inclusion > 10
patients chosen for reasons explained previ-
ously.?® Expert reviews were excluded because it
is unclear which sources of information (data-
bases) were used to identify relevant papers
and how these papers were selected and how
these papers were critically assessed.?® The
same principles apply to the clinical recommen-
dations.

By restricting our review to papers written in
English, German and Dutch we introduced a
selection (language) bias. Which consequence this
type of bias has is not clear for the outcome of this
review. At the most 12 publications were excluded
from this review because of the language bias. If
these papers have a similar methodological quality
as the papers included in this review only 6% (4/66)
would have been selected for the detailed review
(prospective study design, base line assessment of
trismus and measurement of trismus). This may
resulted in one additional study in the detailed
review.

Final selection of the studies

The final selection according to the three cri-
teria (prospective study design, base line assess-
ment of trismus and measurement of trismus) was
performed for several reasons. If risk factors for
trismus are to be identified one has to know whe-
ther trismus was absent before the exposure to the
risk factors (surgery and or radiotherapy) and in
which percentage of the patients at risk actually
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developed trismus after the exposure. These
requirements can only be fulfilled in a prospective
study. For the selection of papers describing
therapeutic effects the previously mentioned
requirements must be met. Therefore it was not
possible to identify risk factors in the majority of
studies.

Exercises using a therabite device or tongblades
significantly increase mouth opening on short term,
the effect sizes were large. Pentoxifylline in-
creased mouth opening on short term and elec-
trotherapy increases mouth opening (follow-up: 3
months) but the effect sizes are small. Radiother-
apy involving the structures of the TMJ and or
pterygoid muscles reduces mouth opening with 18%
(sd: 17%).

The effect size relates the mean change as a
result of the exposure to the variance within the
population before the exposure. A large effect size
indicates that the mean change is large relative to
the variance before the exposure.

Conclusion

Overall, trismus is usually not investigated pri-
marily but as a secondary outcome variable. In
general the quality of the studies analysed was
moderate. Despite the numerous papers written
the knowledge about trismus remains scarce. Only
four papers fulfilled three basic requirements. Ef-
fects of therapeutic interventions are scarcely
investigated. The effect sizes range from small to
large but the RCT with large effect sizes does not
have a follow-up. Research into criteria for tris-
mus, functional consequences of trismus, risk fac-
tors for trismus and interventions studies are
needed.

Acknowledgements

The authors like to thank the following colleges:
Dr. D.T.T. Chua, Queen Mary Hospital, Pokfulam,
Hong Kong, Dr. W.G. Maxymiw, University of Tor-
onto, Princess Margaret Hospital, 610 University
Avenue, Department of Dentistry, 2-935 Toronto,
Ontario, Canada and Dr. A.J. Lennox, Fermilab
Neutron Therapy Faculty, P.O. Box 500, Mail Stop
301, Batavia, IL 60510, USA, for providing us with
the data of their studies enabling us calculation of
effect sizes.

A complete list of the papers retrieved from the
data bases is available from the corresponding
author.

Appendix A

1. Aref A, Ben Josef E, Shamsa F, Devi S, Fontanesi
J, Dragovic J. Neutron radiotherapy for salivary
gland tumors at Harper hospital. J Brachyther-
apy Int 1997;13:17-22.

2. Balm AJ, Plaat BE, Hart AA, HilgerHs FJ, Keus
RB. [Nasopharyngeal carcinoma: epidemiology
and treatment outcome]. Ned Tijdschr Gene-
eskd 1997;141:2346—2350.

3. Benchalal M, Bachaud JM, Francois P, et al. Hy-
perfractionation in the reirradiation of head
and neck cancers. Result of a pilot study. Radio-
ther Oncol 1995;36:203—210.

4. Bertrand J, Luc B, Philippe M, Philippe P. Ante-
rior mandibular osteotomy for tumor extirpa-
tion: a critical evaluation. Head Neck 2000;
22:323-327.

5. Buchbinder D, Currivan RB, Kaplan AJ, Urken
ML. Mobilization regimens for the prevention
of jaw hypomobility in the radiated patient: a
comparison of three techniques. J Oral Maxillo-
fac Surg 1993;51:863—867.

6. Cacchillo D, Barker GJ, Barker BF. Late effects
of head and neck radiation therapy and patient/
dentist compliance with recommended den-
tal care. Spec Care Dentist 1993;13:159—
162.

7. Chandrasekhar B, Lorant JA, Terz JJ. Parascap-
ular free flaps for head and neck reconstruc-
tion. Am J Surg 1990;160:450—453.

8. Chang JC, See LC, Liao CT, et al. Locally recur-
rent nasopharyngeal carcinoma. Radiother On-
col 2000;54:135—142.

9. Choi KN, Rotman M, Aziz H, et al. Concomitant
infusion cisplatin and hyperfractionated radio-
therapy for locally advanced nasopharyngeal
and paranasal sinus tumors. Int J Radiat Oncol
Biol Phys 1997;39:823—-829.

10. Chua DT, Lo C, Yuen J, Foo YC. A pilot study of
pentoxifylline in the treatment of radiation-in-
duced trismus. Am J Clin Oncol 2001;24:
366—369.

11. Cmelak AJ, Cox RS, Adler JR, Fee W-EJ, Goffi-
net DR. Radiosurgery for skull base malignan-
cies and nasopharyngeal carcinoma. Int J
Radiat Oncol Biol Phys 1997;37:997—1003.

12. Dawson LA, Myers LL, Bradford CR, et al. Con-
formal re-irradiation of recurrent and new pri-
mary head-and-neck cancer. Int J Radiat
Oncol Biol Phys 2001;50:377—385.

13. Daya H, Chan HS, Sirkin W, Forte V. Pediatric
rhabdomyosarcoma of the head and neck: is
there a place for surgical management? Arch
Otolaryngol Head Neck Surg 2000;126:
468—472.



886

P.U. Dijkstra et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

De Crevoisier R, Bourhis J, Domenge C, et al.
Full-dose reirradiation for unresectable head
and neck carcinoma: experience at the
Gustave-Roussy Institute in a series of 169
patients. J Clin Oncol 1998;16:3556—
3562.

Eisen MD, Weinstein GS, Chalian A, et al. Mor-
bidity after midline mandibulotomy and radia-
tion therapy. Am J Otolaryngol 2000;21:
312-317.

Emami B, Bignardi M, Spector GJ, Devineni VR,
Hederman MA. Reirradiation of recurrent head
and neck cancers. Laryngoscope 1987;97:
85—88.

Estilo CL, Huryn JM, Kraus DH, et al. Effects of
therapy on dentofacial development in long-
term survivors of head and neck rhabdomyosar-
coma: the memorial sloan-kettering cancer
center experience. J Pediatr Hematol Oncol
2003;25:215—-222.

Foote RL, Parsons JT, Mendenhall WM, Million
RR, Cassisi NJ, Stringer SP. Is interstitial
implantation essential for successful radiother-
apeutic treatment of base of tongue carcinoma?
Int J Radiat Oncol Biol Phys 1990;18:
1293—1298.

Fuchs S, Rodel C, Brunner T, et al. Patterns
of failure following radiation with and
without chemotherapy in patients with naso-
pharyngeal carcinoma. Onkologie 2003;26:
12—18.

Goldstein M, Maxymiw WG, Cummings BJ, Wood
RE. The effects of antitumor irradiation on
mandibular opening and mobility: a prospec-
tive study of 58 patients. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1999;88:
365—373.

Hopping SB, Keller JD, Goodman ML, Montgom-
ery WW. Nasopharyngeal masses in adults. Ann
Otol Rhinol Laryngol 1983;92: 137—140.

Huang CJ, Chao KS, Tsai J, et al. Cancer of ret-
romolar trigone: long-term radiation therapy
outcome. Head Neck 2001;23:758—763.
Huguenin PU, Taussky D, Moe K, et al. Quality of
life in patients cured from a carcinoma of the
head and neck by radiotherapy: the importance
of the target volume. Int J Radiat Oncol Biol
Phys 1999;45:47—52.

Ichimura K, Tanaka T. Trismus in patients with
malignant tumours in the head and neck. J Lar-
yngol Otol 1993;107:1017—1020.

Jen YM, Lin YS, Su WF, et al. Dose escalation
using twice-daily radiotherapy for nasopharyn-
geal carcinoma: does heavier dosing result in
a happier ending? Int J Radiat Oncol Biol Phys
2002;54:14—22.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jiang GL, Ang KK, Peters LJ, Wendt CD, Oswald
MJ, Goepfert H. Maxillary sinus carcinomas:
natural history and results of postoperative
radiotherapy. Radiother Oncol 1991;21:
193-200.

Kaste SC, Hopkins KP, Bowman LC. Dental
abnormalities in long-term survivors of head
and neck rhabdomyosarcoma. Med Pediatr On-
col 1995;25:96—101.

Katsantonis GP, Friedman WH, Rosenblum BN.
The surgical management of advanced malig-
nancies of the parotid gland. Otolaryngol Head
Neck Surg 1989;101:633—640.

King WW, Ku PK, Mok CO, Teo PM. Nasopharyng-
ectomy in the treatment of recurrent nasopha-
ryngeal carcinoma: a twelve-year experience.
Head Neck 2000;22:215—222.

Koka VN, Deo R, Lusinchi A, Roland J, Schwaab
G. Osteoradionecrosis of the mandible: study of
104 cases treated by hemimandibulectomy. J
Laryngol Otol 1990;104: 305—307.

Langlois D, Eschwege F, Kramar A, Richard JM.
Reirradiation of head and neck cancers. Presen-
tation of 35 cases treated at the Gustave Roussy
Institute. Radiother Oncol 1985;3: 27—33.
Lennox AJ, Shafer JP, Hatcher M, Beil J, Funder
SJ. Pilot study of impedance-controlled micro-
current therapy for managing radiation-induced
fibrosis in head-and-neck cancer patients. Int J
Radiation Oncol Biol Phys 2002; 54:23—34.
MacKenzie R, Balogh J, Choo R, Franssen E.
Accelerated radiotherapy with delayed con-
comitant boost in locally advanced squamous
cell carcinoma of the head and neck. Int J Ra-
diat Oncol Biol Phys 1999;45:589—-595.
Martinez-Madrigal F, Pineda-Daboin K, Casiraghi
0, Luna MA. Salivary gland tumors of the mandi-
ble. Ann Diagn Pathol 2000;4: 347—353.
McNeese MD, Fletcher GH. Retreatment of
recurrent nasopharyngeal carcinoma. Radiology
1981;138:191—-193.

Miller FR, Wanamaker JR, Lavertu P, Wood BG.
Magnetic resonance imaging and the manage-
ment of parapharyngeal space tumors. Head
Neck 1996;18:67—77.

Nagorsky MJ, Sessions DG. Laser resection for
early oral cavity cancer. Results and complica-

tions. Ann Otol Rhinol Laryngol 1987;96:
556—560.
Nguyen TD, Demange L, Froissart D, Panis X,

Loirette M. Rapid hyperfractionated radiother-
apy. Clinical results in 178 advanced squamous
cell carcinomas of the head and neck. Cancer
1985;56:16—19.

Nguyen TD, Panis X, Froissart D, Legros M,
Coninx P, Loirette M. Analysis of late complica-



Trismus in head and neck oncology

887

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

tions after rapid hyperfractionated radiother-
apy in advanced head and neck cancers. Int J
Radiat Oncol Biol Phys 1988;14: 23—25.
Nishino H, Miyata M, Morita M, Ishikawa K,
Kanazawa T, Ichimura K. Combined therapy
with conservative surgery, radiotherapy, and
regional chemotherapy for maxillary sinus car-
cinoma. Cancer 2000;89:1925—1932.

Nishioka T, Shirato H, Kagei K, Fukuda S, Ha-
shimoto S, Ohmori K. Three-dimensional
small-volume irradiation for residual or recur-
rent nasopharyngeal carcinoma. Int J Radiat
Oncol Biol Phys 2000;48:495—500.

Ogawa K, Toita T, Kakinohana Y, et al. Postop-
erative radiotherapy for squamous cell carci-
noma of the maxillary sinus: analysis of local
control and late complications. Oncol Rep
2001;8:315—319.

Olmi P, Cellai E, Chiavacci A, Fallai C. Acceler-
ated fractionation in advanced head and
neck cancer: results and analysis of late

sequelae. Radiother Oncol 1990;17:199—
207.
Ozsaran Z, Yalman D, Baltalarli B, Anacak Y,

Esassolak M, Haydaroglu A. Radiotherapy in
maxillary sinus carcinomas: evaluation of 79
cases. Rhinology 2003;41:44—48.

Paulino AC, Marks JE, Bricker P, Melian E, Reddy
SP, Emami B. Results of treatment of patients
with  maxillary sinus carcinoma. Cancer
1998;83:457—465.

Phillips DE, Jones AS. Reliability of clinical
examination in the diagnosis of parotid tu-
mours. J R Coll Surg Edinb 1994;39:100—102.
Pinheiro AB, Frame JW. An audit of CO2 laser
surgery in the mouth. Braz Dent J 1994;5:
15—25.

Pinheiro AD, Foote RL, McCaffrey TV, et al. In-
traoperative radiotherapy for head and neck

and skull base cancer. Head Neck 2003;
25:217-225.
Pryzant RM, Wendt CD, Delclos L, Peters LJ. Re-

treatment of nasopharyngeal carcinoma in 53
patients. Int J Radiat Oncol Biol Phys
1992;22:941—-947.

Qin DX, Hu YH, Yan JH, et al. Analysis of 1379
patients with nasopharyngeal carcinoma trea-

ted by radiation. Cancer 1988;61:1117—
1124.
Ryu JK, Stern RL, Robinson MG, et al. Mandibu-

lar reconstruction using a titanium plate: the
impact of radiation therapy on plate preserva-
tion. Int J Radiat Oncol Biol Phys 1995;32:
627—634.

Sakai SI, Kubo T, Mori N, et al. A study of the
late effects of radiotherapy and operation on

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

patients with maxillary cancer: a survey more
than 10 years after initial treatment. Cancer
1988;62:2114—2117.

Santamaria E, Wei FC, Chen HC. Fibula osteose-
ptocutaneous flap for reconstruction of osteo-
radionecrosis of the mandible. Plast Reconstr
Surg 1998;101:921—-929.

Schaefer U, Micke O, Schueller P, Willich N.
Recurrent head and neck cancer: retreatment
of previously irradiated areas with combined
chemotherapy and radiation therapy-results of
a prospective study. Radiology 2000;216:
371-376.

Steelman R, Sokol J. Quantification of trismus
following irradiation of the temporomandibular
joint. Mo Dent J 1986;66:21—23.

Teo PM, Kwan WH, Chan AT, Lee WY, King WW,
Mok CO. How successful is high-dose (> or = 60
Gy) reirradiation using mainly external beams in
salvaging local failures of nasopharyngeal carci-
noma? Int J Radiat Oncol Biol Phys 1998;
40:897—-913.

Teo PM, Leung SF, Chan AT, et al. Final report
of a randomized trial on altered-fractionated
radiotherapy in nasopharyngeal carcinoma pre-
maturely terminated by significant increase in
neurologic complications. Int J Radiat Oncol
Biol Phys 2000;48:1311—1322.

Tercilla OF, Schmidt UR, Wazer DE. Reirradia-
tion of head and neck neoplasms using twice-
a-day scheduling. Strahlenther Onkol 1993;
169:285—290.

Thomas F, Ozanne F, Mamelle G, Wibault P,
Eschwege F. Radiotherapy alone for oropharyn-
geal carcinomas: the role of fraction size (2 Gy
vs 2.5 Gy) on local control and early and late
complications. Int J Radiat Oncol Biol Phys
1988;15:1097—1102.

Wang CC. Re-irradiation of recurrent nasopha-
ryngeal carcinoma—treatment techniques and
results. Int J Radiat Oncol Biol Phys 1987;
13:953—956.

Wang HM, Wang CH, Chen JS, Su CL, Liao CT,
Chen IH. Impact of oral submucous fibrosis on
chemotherapy-induced mucositis for head and
neck cancer in a geographic area in which betel
quid chewing is prevalent. Am J Clin Oncol
1999;22:485—488.

Wei FC, Celik N, Chen HC, Cheng MH, Huang
WC. Combined anterolateral thigh flap and vas-
cularized fibula osteoseptocutaneous flap in
reconstruction of extensive composite mandib-
ular defects. Plast Reconstr Surg 2002;109:
45-52.

Wolden SL, Zelefsky MJ, Hunt MA, et al. Fail-
ure of a 3D conformal boost to improve



888

P.U. Dijkstra et al.

64.

65.

66.

radiotherapy for nasopharyngeal carcinoma. Int
J Radiat Oncol Biol Phys 2001;49:1229—1234.
Yan JH, Hu YH, Gu XZ. Radiation therapy of
recurrent nasopharyngeal carcinoma. Report
on 219 patients. Acta Radiol Oncol 1983;22:
23-28.

Zidan J, Kuten A, Rosenblatt E, Robinson E.
Intensive chemotherapy using cisplatin and flu-
orouracil followed by radiotherapy in advanced
head and neck cancer. Oral Oncol 1997;33:
129—135.

Zubizarreta PA, D’Antonio G, Raslawski E, et al.
Nasopharyngeal carcinoma in childhood and
adolescence: a single-institution experience
with combined therapy. Cancer 2000;
89:690—695.

References

. Alexander SA, Renner RP.

. Vissink A, Jansma J, Spijkervet FK, Burlage FR, Coppes RP.

Oral sequelae of head and neck radiotherapy. Crit Rev Oral
Biol Med 2003;14:199—212.

. Jansma J, Vissink A, Bouma J, Vermey A, Panders AK,

Gravenmade EJ. A survey of prevention and treatment
regimens for oral sequelae resulting from head and neck
radiotherapy used in Dutch radiotherapy institutes. Int J
Radiat Oncol Biol Phys 1992;24:359—67.

. Thomas F, Ozanne F, Mamelle G, Wibault P, Eschwege F.

Radiotherapy alone for oropharyngeal carcinomas: the role
of fraction size (2 Gy vs 2.5 Gy) on local control and early
and late complications. Int J Radiat Oncol Biol Phys
1988;15:1097—102.

. Steelman R, Sokol J. Quantification of trismus following

irradiation of the temporomandibular joint. Mo Dent J
1986;66:21—3.

. Sakai SI, Kubo T, Mori N, et al. A study of the late effects of

radiotherapy and operation on patients with maxillary
cancer: a survey more than 10 years after initial treatment.
Cancer 1988;62:2114—7.

. Jen YM, Lin YS, Su WF, et al. Dose escalation using twice-

daily radiotherapy for nasopharyngeal carcinoma: does
heavier dosing result in a happier ending? Int J Radiat Oncol
Biol Phys 2002;54:14—22.

. Dijkstra PU, Kropmans TJ, Tamminga RY. Modified use of a

dynamic bite opener——treatment and prevention of trismus
in a child with head and neck cancer: a case report. Cranio
1992;10:327-9.

. Runte C, Runte B, Dirksen D, et al. A pivoting appliance for

intracavitary brachytherapy in patients with reduced mouth
opening. Int J Prosthodont 2001;14:178—82.

Increasing occlusal vertical
dimension with an orthodontic ‘clothes pin appliance’. A
clinical report. J Prosthet Dent 1989;62:1—3.

. Brown KE. Dynamic opening device for mandibular trismus.

J Prosthet Dent 1968;20:438—42.

. Brunello DL, Mandikos MN. The use of a dynamic opening

device in the treatment of radiation induced trismus. Aust
Prosthodont J 1995;9:45—8.

. Vissink A, Burlage FR, Spijkervet FK, Jansma J, Coppes RP.

Prevention and treatment of the consequences of head and
neck radiotherapy. Crit Rev Oral Biol Med 2003;14:213—25.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Talmi YP. Quality of life issues in cancer of the oral cavity. J
Laryngol Otol 2002;116:785—90.

Tveteras K, Kristensen S. The aetiology and pathogenesis of
trismus. Clin Otolaryngol 1986;11:383—7.

Stewart FA. Re-treatment after full-course radiotherapy: is
it a viable option? Acta Oncol 1999;38:855—62.

Bornstein M, Filippi A, Buser D. Fruh- und Spatfolgen im
intraoralen Bereich nach Strahlentherapie. [Early and late
intraoral sequelae after radiotherapy]. Schweiz Monatsschr
Zahnmed 2001;111:61-73.

Jansma J, Vissink A, Spijkervet FK, et al. Protocol for the
prevention and treatment of oral sequelae resulting from
head and neck radiation therapy. Cancer 1992;70:2171—
80.

Lennox AJ, Shafer JP, Hatcher M, Beil J, Funder SJ. Pilot
study of impedance-controlled microcurrent therapy for
managing radiation-induced fibrosis in head-and-neck can-
cer patients. Int J Radiat Oncol Biol Phys 2002;54:23—34.
Chua DT, Lo C, Yuen J, Foo YC. A pilot study of pentoxif-
ylline in the treatment of radiation-induced trismus. Am J
Clin Oncol 2001;24:366—9.

Buchbinder D, Currivan RB, Kaplan AJ, Urken ML. Mobiliza-
tion regimens for the prevention of jaw hypomobility in the
radiated patient: a comparison of three techniques. J Oral
Maxillofac Surg 1993;51:863—7.

Goldstein M, Maxymiw WG, Cummings BJ, Wood RE. The
effects of antitumor irradiation on mandibular opening and
mobility: a prospective study of 58 patients. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1999;88:365—73.
Verhagen AP. Quality assessement of randomised clinical
trials. University of Maastricht, 1999.

Lang TA, Secic M. How to report statistics in medicine.
Philadelphia: American College of Physicians; 1997.
Kropmans T, Dijkstra P, Stegenga B, Stewart R, de Bont L.
Smallest detectable difference of maximal mouth opening
in patients with painfully restricted temporomandibular
joint function. Eur J Oral Sci 2000:9—13.

Reinders MF, Geertzen JH, Dijkstra PU. Complex regional
pain syndrome type |: use of the International Association
for the Study of Pain diagnostic criteria defined in 1994. Clin
J Pain 2002:207—15.

Chalmers 1, Altman DG. Systematic reviews. London: BMJ
Publishing Group; 1995.

Nguyen TD, Panis X, Froissart D, Legros M, Coninx P, Loirette
M. Analysis of late complications after rapid hyperfraction-
ated radiotherapy in advanced head and neck cancers. Int J
Radiat Oncol Biol Phys 1988;14:23—5.

Ichimura K, Tanaka T. Trismus in patients with malignant
tumours in the head and neck. J Laryngol Otol
1993;107:1017—-20.

Teo PM, Leung SF, Chan AT, et al. Final report of a
randomized trial on altered-fractionated radiotherapy in
nasopharyngeal carcinoma prematurely terminated by sig-
nificant increase in neurologic complications. Int J Radiat
Oncol Biol Phys 2000;48:1311—22.

Foote RL, Parsons JT, Mendenhall WM, Million RR, Cassisi
NJ, Stringer SP. Is interstitial implantation essential for
successful radiotherapeutic treatment of base of tongue
carcinoma? Int J Radiat Oncol Biol Phys 1990;18:1293—8.
Teo PM, Kwan WH, Chan AT, Lee WY, King WW, Mok CO.
How successful is high-dose (> or=60 Gy) reirradiation
using mainly external beams in salvaging local failures of
nasopharyngeal carcinoma? Int J Radiat Oncol Biol Phys
1998;40:897—913.

Chang JC, See LC, Liao CT, et al. Locally recurrent nasopha-
ryngeal carcinoma. Radiother Oncol 2000;54:135—42.



Trismus in head and neck oncology 889

33. Bertrand J, Luc B, Philippe M, Philippe P. Anterior mandib- 34. Gelb H. Clinical management of head, neck and TMJ pain
ular osteotomy for tumor extirpation: a critical evaluation. and dysfunction: a multidisciplinary approach to diagnosis and
Head Neck 2000;22:323—7. treatment. Philadelphia: WB Saunders Company; 1977. p. 104.

Available online at www.sciencedirect.com

sc.ence@n.“m@



	Trismus in head and neck oncology: a systematic review
	Introduction
	Methods
	Results
	Discussion
	Assessment criteria
	Excluded studies
	Final selection of the studies

	Conclusion
	Acknowledgements
	Appendix A
	References


