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abstraCt 

The aim of this study was to assess the effect of (preventive) rehabilitation on swallowing and 

mouth opening after concomitant chemoradiotherapy (CCrT). 

forty-nine patients with advanced oral cavity, oropharynx, hypopharynx and larynx, or 

nasopharynx cancer treated with CCrT were randomized into a standard (S) or an experimental 

(E) preventive rehabilitation arm. Structured multidimensional assessment (i.e., videofluoroscopy, 

mouth-opening measurement, structured questionnaires) was performed before and 10-weeks 

after CCrT. 

In both S and E arms, feasibility was good (all patients could execute the exercises within a week) 

and compliance was satisfactory (mean days practiced per week was 4). Nevertheless, mouth 

opening, oral intake, and weight decreased significantly. Compared to similar CCrT studies at 

our institute, however, fewer patients were still tube-dependent after CCrT. furthermore, some 

functional outcomes seemed less affected than those of studies in the literature that did not 

incorporate rehabilitation exercises. Patients in the E arm practiced significantly fewer days in 

total and per week, but they obtained results comparable to the S arm patients. 

Preventive rehabilitation (regardless of the approach, i.e., experimental or standard) in head 

and neck cancer patients, despite advanced stage and burdensome treatment, is feasible, and 

compared with historical controls, it seems helpful in reducing the extent and/or severity of 

various functional short-term effects of CCrT.
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introduCtion

Curative treatment with concomitant chemoradiotherapy (CCrT) for patients with advanced 

cancer of the head and neck has adverse effects on many functions of the upper respiratory 

and digestive systems. Sequelae such as pain, edema, xerostomia and fibrosis negatively affect 

mouth opening (trismus), chewing, swallowing and speech [1]. Several studies investigating 

long-term effects of CCrT have concluded that swallowing and nutritional dysfunction tends 

to be persistent and can be severe [2-4]. The anatomical structures involved in swallowing 

seem to be especially vulnerable during CCrT. Normally, retraction of the tongue base pushes 

the food bolus downward and prevents residue that may be aspirated, and the elevation and 

forward movement of the larynx contributes to closure of the airway and the opening of the 

esophagus, allowing the bolus to pass [5]. A number of studies have shown that CCrT has a 

negative effect on tongue base retraction and larynx elevation, resulting in delayed transport of 

the bolus, the occurrence of residue and aspiration [2;4;6;7]. Some patients are already confined 

to tube feeding before treatment [8], or will be during the course of the treatment [4;7]. In these 

patients, muscle inactivity will cause atrophy of the swallowing muscles [2]. Trismus (limited 

mouth opening) is another negative effect of CCrT that has to be taken into consideration [9]. 

Trismus may cause poor oral hygiene, limit dental intervention, and medical surveillance as well 

as impair swallowing and speech even further [10].

Given these well-known functional Sequelae of CCrT one would have expected more studies 

on rehabilitation strategies, comparable to e.g. post-laryngectomy rehabilitation [11]. reliable 

information on the effect of rehabilitation is all the more urgent since, especially in oral cavity, 

oropharynx and nasopharynx cancers, the use of CCrT is on the rise as it has been shown 

to considerably improve life expectancy [12]. More patients are therefore subject to the 

aforementioned long-term functional deficits, which negatively influence their quality of life [13-

15]. As yet, no prospective, randomized study has investigated the effects of (precautionary) 

rehabilitation exercises on (long-term) swallowing or mouth opening problems caused by CCrT 

[15]. This, in spite of many effective tongue and swallowing exercises described in literature [16-

21], and the fact that delayed swallowing therapy is not effectual [22]. Some positive results that 

have been found are, for example, improvement of dysphagia-specific Quality of Life scores 

after implementation of pretreatment swallowing education and exercises [13]. Another (pilot) 

study provided evidence that pretreatment swallowing exercises do improve posttreatment 

swallowing function in head and neck cancer patients receiving CCrT [16]. However, both 

studies were non-randomized and the sample sizes were small.

In the Dutch “Oral- and Oropharyngeal Carcinoma Guideline” it is stated that patients with 

head and neck cancer, who are treated with curative (chemo)radiation, should routinely receive 
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appropriate logopaedic rehabilitation, during and after treatment [23]. In the Netherlands, it is 

therefore no longer considered ethical to withhold this form of rehabilitation from these patients, 

precluding the inclusion of a non-rehabilitation control group in any randomized controlled trial 

dealing with this topic. Although standard logopaedic rehabilitation is taken to be routine, it is 

uncertain whether this still is the most optimal rehabilitation approach, because alternative, 

innovative exercises have been developed recently and have proved to be effective [24]. 

furthermore, it is unknown whether these relatively ill patients are able or willing to spend extra 

time and energy on such rehabilitation programs while undergoing burdensome CCrT.

Therefore, a prospective randomized Controlled Trial (rCT) was designed to assess the 

preventive effects of two rehabilitation programs for patients with advanced head and neck 

cancer treated with CCrT. In this article we focus on the feasibility of these programs, patient 

compliance, and the short-term functional effects (10-weeks posttreatment).

Patients and Methods
 

Patients with advanced (stage III and IV) squamous cell carcinoma of the head and neck treated 

at The Netherlands Cancer Institute with concomitant chemoradiotherapy (CCrT) were invited 

to participate in this randomized controlled clinical trial. The study protocol was approved by 

the medical ethical review board of the Institute, and written informed consent was obtained 

from all patients before entering the study. The patients were consecutively recruited over a 

period of 20 months (Table 1 for the in- and exclusion criteria). 

All patients received 100-mg/m2 Cisplatin as a 40 minutes IV infusion on days 1, 22, and 43. 

Intensity-modulated radiotherapy (IMrT) of 70 Gy in 35 fractions was administered over 7 weeks 

starting concurrently with chemotherapy.

During the accrual period of the clinical trial, in total 72 patients were treated with CCrT. 

Seventeen patients could not be included in this rehabilitation trial, because of patient’s refusal 

(4), follow-up abroad (2), administrative miss (1), cognitive problems (6, mostly M. Korsakov), 

or physical problems (4, i.e. M. Bechterew, tetraplegia, 2x jaw abnormalities), leaving 55 

patients (76%) for inclusion in the study. Patients were randomized into two rehabilitation 

groups (Standard rehabilitation versus Experimental rehabilitation, see below), and were 

categorized according to tumor site (oral cavity and oropharynx, hypopharynx and larynx, and 

nasopharynx). Complete posttreatment analysis was done for 49 patients; 6 patients had to 

be excluded because of change in treatment plan (1), progressive disease (2), death (2), and 

patient refusal (1). The Consort flow diagram of patient randomisation and analysis is shown in 

fig. 1 [25]. Patients were assessed according to a multidimensional protocol (see below) before 
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treatment and approximately 10-weeks (mean 10-weeks; range =  9-12; one outliner had the 

measurements at 16 weeks posttreatment) after their last radiotherapy.

-56‐ 
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1. Consort flow diagram 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Figure 1 | Consort flow diagram of patient randomization and analysis [25].
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There were 39 males and 10 females, with a mean age of 57 years (range = 32-78 years). Patient’s 

characteristics, including sites and stages, are shown in Table 2. Staging was accomplished 

according to the International Union against Cancer (UICC), 5th edition (2005). 

table 1 | Inclusion and exclusion criteria randomized controlled clinical trial.

 

Inclusion  Exclusion 

• Squamous cell carcinoma   • Unable to comprehend the function and use of the 

rehabilitation exercises and device (e.g. Alzheimer’s 

disease, Korsakov) 

• Oral cavity, oropharynx, hypopharynx, larynx and 

nasopharynx tumors 

• Physically unfit to use a rehabilitation device (e.g. 

neurological deficit) 

• Stage III‐IV   

• Primary treatment with CCRT with curative intent   

• Written informed consent   

rationale for Exercises
All exercises chosen for this study were included to improve the most frequently occurring 

swallowing problems after CCrT. A systematic review of the literature showed that swallowing 

disorders of varying severity occurred after CCrT [15]. Most frequently, a reduction of the 

tongue base retraction was found. Other problems that often occurred were reduced tongue 

strength, slowed/delayed laryngeal vestibule closure, reduced laryngeal elevation and problems 

with mouth opening [15;26]. Only exercises and maneuvers, relevant to the problems identified 

in literature and with proven effectiveness in earlier studies, were included in the rehabilitation 

programs. 

With regard to standard logopaedic rehabilitation, several studies have investigated the 

influence of stretch (or range of motion) and strength exercises [17-19;21;27-29]. Veis et al. [21] 

analyzed several stretch exercises and concluded that the gargle task elicited the greatest 

tongue base retraction in a group of subjects with suspected dysphagia (e.g. head/neck cancer, 

progressive and sudden onset neurologic damage, Parkinson’s disease, stroke, muscular 

dystrophy). Buchbinder et al. [27] compared three mobilization regimens for the prevention of 

jaw hypomobility and concluded that the initial maximum interincisor mouth opening (MIO) in all 

three groups increased, but increased significantly more in the group who used the TheraBite 

Jaw Motion rehabilitation System. Dijkstra et al. [28] also found a significantly increased mouth 

opening after physical therapy (including the therapeutic tools of rubber plugs, tongue blades, 

dynamic bite opener and the TheraBite). Incidentally, the increase in mouth opening was 

significantly higher for patients with trismus not related to cancer.

Lazarus et al. [18] evaluated the effects of several voluntary maneuvers in head and neck cancer 

patients and concluded that tongue base-pharyngeal wall pressure increased most with use 

of the effortful swallow (greatest pressure) and the tongue-holding maneuvers (also known as 
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influence of stretch (or range of motion) and strength exercises [17-19;21;27-29]. Veis et al. [21] 

analyzed several stretch exercises and concluded that the gargle task elicited the greatest 

tongue base retraction in a group of subjects with suspected dysphagia (e.g. head/neck cancer, 

progressive and sudden onset neurologic damage, Parkinson’s disease, stroke, muscular 

dystrophy). Buchbinder et al. [27] compared three mobilization regimens for the prevention of 

jaw hypomobility and concluded that the initial maximum interincisor mouth opening (MIO) in all 

three groups increased, but increased significantly more in the group who used the TheraBite 

Jaw Motion rehabilitation System. Dijkstra et al. [28] also found a significantly increased mouth 

opening after physical therapy (including the therapeutic tools of rubber plugs, tongue blades, 

dynamic bite opener and the TheraBite). Incidentally, the increase in mouth opening was 

significantly higher for patients with trismus not related to cancer.

Lazarus et al. [18] evaluated the effects of several voluntary maneuvers in head and neck cancer 

patients and concluded that tongue base-pharyngeal wall pressure increased most with use 

of the effortful swallow (greatest pressure) and the tongue-holding maneuvers (also known as 

the Masako). These two maneuvers have also shown their effectiveness in healthy individuals. 

Hind et al. found improved oral (tongue-palate) pressures in healthy middle-aged and older 

adults, who used the effortful swallow maneuver during swallowing compared to non effortful 

swallows [17]. fujiu et al. [29] found a significant increase in the posterior pharyngeal wall 

bulging using the Masako maneuver in young healthy adults. Another maneuver, which has 

proven its effectiveness, is the super-supraglottic swallow. Logemann et al. [19] reported that 

this maneuver resulted in changes in airway entrance closure and hyolaryngeal movement. The 

authors observed fewer swallowing disorders in irradiated head and neck cancer patients who 

used this super-supraglottic swallow maneuver.

In this study, one group received a rehabilitation program based on the aforementioned most 

effective methods currently available in a logopaedic setting (Standard (S) rehabilitation), while 

the other group applied a ‘new’ exercise regime using a special device-based rehabilitation 

protocol (Experimental (E) rehabilitation). In the E rehabilitation group, the patients use the 

TheraBite® Jaw Motion rehabilitation System™ (Atos Medical AB, Sweden) to stretch and 

strengthen the swallowing and jaw muscles. The TheraBite is a handheld portable medical 

device, specifically designed to treat trismus and mandibular hypomobility [27;30]. The 

rationale for the E rehabilitation was that tolerance of the TheraBite is good, it is easy to use and 

compliance tends to be high [30]. furthermore, Burkhead et al. studied the effect of jaw and 

tongue position on suprahyoid muscle function during swallowing with the use of the TheraBite 

[24]. These authors concluded that a relative change in muscle activity across conditions 

showed an incremental increase with jaw position. Additionally, the swallowing exercises with 

the TheraBite are assumed to be less complex and easier to learn than standard logopaedic 

exercises. Logopaedic strengthening exercises are known to be quite complex and require the 

ability to follow instructions carefully and accurately [31; 32], which might influence compliance 

negatively. 

Procedure
In a separate session approximately 2 weeks prior to the onset of the CCrT, participants were 

provided with verbal and written instructions (by LvdM) so that they could perform the exercises 

independently and practice daily, in the hospital or at home.
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table 2 | Demographics, tumor, and exercise characteristics of the 10-weeks posttreatment patient group (N=49).

Characteristics  Posttreatment 

(10 weeks) 

N (%) 

 

  Standard 

group 

 

Experimental 

group 

Total 

No. of patients  25 (51)  24 (49)  49 

Age in years 

  Mean 

  Range 

 

57 

32‐75 

 

56 

37‐78 

 

57 

32‐78 

Sex 

  Male 

  Female 

 

16 

9 

 

23 

1 

 

39  (80) 

10  (20) 

T Classification 

  T1 

  T2 

  T3 

  T4 

 

5    (20) 

8    (32) 

8    (32) 

4    (16) 

 

3     (13) 

7     (29) 

11   (46) 

3     (13) 

 

8     (16) 

15   (31) 

19   (39) 

7     (14) 

N Classification 

  N0 

  N1 

  N2 

  N3 

 

1    (4) 

9    (36) 

13  (52) 

2    (8) 

 

3     (13) 

5     (21) 

13   (53) 

3     (13) 

 

4     (8) 

14   (29) 

26   (53) 

5     (10) 

Stage 

   III 

   IV 

 

9    (36) 

16  (64) 

 

7     (29) 

17   (71) 

 

16   (33) 

33   (67) 

Tumor site 

Oral cavity/oropharynx   

     Floor of mouth      

     Tongue 

   Retromolar trigone      

     Base of tongue 

     Tonsil 

     Soft palate 

     Pharynx posterior wall 

     Valleculae 

Laryngo/hypopharynx 

     Pyriform sinus 

     Hypopharynx posterior wall 

     Supraglottic larynx 

Nasopharynx 

 

 

12  (47) 

 

2    (8) 

1    (4) 

4    (16) 

3    (12) 

1    (4) 

 

1    (4) 

9    (37) 

8    (32) 

 

1    (4) 

4    (16) 

 

12   (50) 

 

 

 

6     (25) 

3     (13) 

 

3     (13) 

 

9     (37) 

8     (33) 

1     (4) 

 

3     (13) 

 

24   (49) 

 

2    (4) 

1    (2) 

10  (20) 

6    (12) 

1    (2) 

3    (6) 

1    (2) 

18  (37) 

16  (33) 

1    (2) 

1    (2) 

7    (14) 

 

 
Exercises
Specific instructions for both rehabilitation programs are given in the appendices. In summary, 

the S rehabilitation consisted of range of motion exercises and three strengthening exercises, 

namely the effortful swallow, the Masako maneuver and the super-supraglottic swallow. The 

stretch exercise of the E rehabilitation consisted of a passive and slow opening of the mouth 

with the TheraBite device. The strengthening exercise consisted of swallowing with the tongue 

elevated to the palate while maintaining mouth opening at 50% of its maximum, thus training the 
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suprahyoid muscles [24]. If needed (i.e. xerostomia), patients were allowed to use a sip of water 

either before or after initiating the swallow, but not during the exercise.  

 

Schedule
Patients were encouraged to practice three times daily and to integrate the exercise into other 

daily activities such as brushing teeth. In this rCT we closely followed the recommendations of 

the American College of Sports Medicine Position Stand. They recommend holding a stretch for 

10-30 s at the point of mild discomfort since no greater benefit is derived from longer durations 

[33]. They also recommend 8-12 repetitions. Even though these recommendations are related to 

healthy individuals and should be used in the context of “participant’s needs, goals, and initial 

abilities”, we expected the training schedule to be realistic and feasible in daily practice, even 

during CCrT. The specific schedule for each rehabilitation is given in the “Appendices” section. 

outcome measures
Before onset and approximately 10-weeks after completing CCrT, a multidimensional 

assessment protocol was used to evaluate functional outcomes in all 49 patients. Details 

about this protocol have been reported previously [34]. In short, the protocol included standard 

videofluoroscopy to assess the laryngeal Penetration and Aspiration Scale (validated PAS) 

[35] and the presence of contrast residue. Maximum interincisor mouth opening (MIO), weight 

changes, and Body Mass Index (BMI) were measured. The functional oral intake scale (fOIS) 

was also included, as was a structured, study specific questionnaire for quality of life evaluation, 

and a visual analogue scale (VAS) for pain assessment [36]. 

To evaluate the feasibility of the 2 rehabilitation programs and compliance with the exercises, 

the familiarity with the exercises was evaluated and scored (1 = very familiar with the exercises, 

2 = fairly familiar with the exercises, and 3 = not at all familiar). Moreover, specific items were 

included in the questionnaire, such as the number of practice days per week (from 0 being less 

than 1 day a week to 7 being 7 days a week), the total number of practice days and the reason 

for quitting.

statistical analysis
All statistical analyses were performed in SPSS v15.0.1 (SPSS, Inc, Chicago, Illinois). 

randomisation was performed centrally by computer at the Netherlands Cancer Institute using 

blocks of 6, stratified by tumor site (larynx and hypopharynx, nasopharynx, and oral cavity and 

oropharynx) (ALEA software).

An intention to treat analysis was carried out on all randomized patients. for associations of 

nominal variables with the rehabilitation fishers’ Exact tests were applied whereas for ordinal 
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variables the Wilcoxon rank sum test or the Jonckheere Terpstra test was applied. Continuous 

variables were compared by means of the Wilcoxon rank sum test. for all analyses, p ≤ 0.05 

was considered statistically significant. Inter –and intra-observer reliability for the aspiration 

and residue measures (twenty percent of the tapes rated by LvdM and AK), was determined 

using the Kappa statistic. 

results

feasibility and Compliance
To evaluate the feasibility of the program, the exercises themselves and also performing the 

rehabilitation concurrently with CCrT were analyzed. Thirty-four patients (69%) could perform 

the exercises immediately and the remaining 15 patients within a week. Twenty-six patients 

(53%) did not have any problems with any of the exercises. The remaining 23 patients (47%) 

mainly had problems related to the swallowing (strength) maneuvers. With respect to the 

appreciation for the exercises, 10 patients (20%) liked the exercises, 25 patients (51%) were 

neutral about the training, 12 patients (25%) did not like them and only 2 patients (4%) really 

disliked the exercises. There was no difference between the exercise groups in this respect. 

reasons for disliking the exercises were, “the exercises are strange”, “it is annoying”, and 

some disliked the daily practice requirement. The rehabilitation ran parallel to the burdensome 

concomitant chemo-radiotherapy (CCrT) and in total, 28 patients (57%) stopped practicing 

after an average of 27 days (range 2-98 days). reasons such as ‘it went well’ or ‘I forgot to 

practice’ were mentioned by 10 of the patients (20%), and 18 patients (37%) stopped training 

because pain in the mouth, nausea, and fatigue. The overall score for the expectation about the 

effectiveness of the exercises was good: 44 patients (90%) thought the exercises were helpful. 

Compliance of the exercise program was evaluated by the ‘familiarity with the exercises’ 

score and the trial specific questionnaire. None of the patients had done logopaedic therapy 

prior to their cancer treatment and therefore all patients initially scored ‘not at all familiar with 

the exercises’. After treatment, 28 patients (57%) scored ‘very familiar with the exercises’, 15 

patients (31%) ‘fairly familiar with the exercises’, and 6 (12%) were ‘not at all familiar’ with the 

exercises. With respect to the intensity of the treatment, while patients were encouraged to train 

every day over the entire CCrT and posttreatment period, it appeared that only 7 patients (14%) 

reported , while on average patients practiced 4 days per week (range = 0-7 days). The mean 

number of days practiced over the observation period of approximately 120 days was 50 days 

(range = 0-126 days). A further observation about compliance was that female patients practiced 

significantly more than males (p = 0.05; mean = 64 and 47 days, respectively), and that patients 
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in the standard (S) group practiced significantly more than the patients in the experimental (E) 

group (p = 0.05; mean = 59 and 41 days, respectively). No other significant differences between 

the two rehabilitation arms with respect to feasibility and compliance were found.

 
table 3 | Percent of occurrence or mean of functional problems before, and 10-weeks after chemo-radiotherapy (N=49)

Nasopharynx 

 

4    (16)  3     (13)  7    (14) 

 

PG 83; lijnen toegevoegd en PAS score aangepast. 

Table 3. Percent of occurrence or mean of functional problems before, and 10‐weeks after chemo‐radiotherapy (N=49) 

Functional outcome  Pretreatment 

N (%) 

Posttreatment 

N (%) 

P Value 

PAS 

     Aspiration  

     Laryngeal penetration  

     Score mean (SD) 

     (all consistencies) 

 

Presence of residue 

      

     1 cc liquid 

     5 cc liquid 

     3 cc paste 

     Cookie 

 

2 (4%) 

7 (14%) 

0.95 

(0.36) 

 

none     above    below     above/below   

               vall         vall              vall 

13 (26%) 18 (37%)   7 (14%) 11 (22%)  

2 (4%)       3 (6%)       1 (2%)   42 (86%)  

4 (8%)     16 (33%)    4 (8%)   20 (41%) 

6 (12%)   22 (45%)    2 (4%)   16 (33%) 

 

3 (6%) 

9 (18%) 

1.15 

(0.36) 

  

none    above    below     above/below  

              vall         vall              vall 

8 (16%)   34 (69%)  2 (4%)   5 (10%) 

  1 (2%)    25 (51%)  / (0%)  20 (41%) 

  5 (10%)  31 (63%)  / (0%)  13 (27%) 

10 (20%)  27 (55%)  / (0%)    8 (16%) 

0.37 

 

 

 

 

 

 

0.21 

< .01* 

.02* 

.01* 

MIO (mm) 

                Median                 

                Mean (SD) 

 

Occurrence of trismus (MIO ≤ 35) 

 

51 

50 (9,97) 

 

5 (10%) 

 

49 

47 (11,53) 

Mean reduction 3 

7 (14%) 

< .01* 

 

 

 

0.70 

Weight (kg) 

                Median 

                Mean (SD) 

 

76,2 

78.1 (16,4) 

(range 50.0‐108.0) 

 

71,0 

72,0 (14,6) 

Mean reduction 6.1 kg (7.8%) 

(range 43.0‐100.0) 

< .01* 

BMI (kg) 

                Median 

                Mean (SD) 

 

25,4 

25,1 (5,1) 

 

23,5 

23,0 (4,7) 

0.25 

FOIS 

                 Median 

                 Mean (SD) 

                 Score 1,2,3 intake < 50% 

                 Score 4,5,6,7 intake > 50% 

Tube dependency ** 

 

7 

7 (1) 

2 (4%) 

47 (96%) 

2 (4%) 

 

6 

5 (2) 

17 (35%) 

32 (65%) 

18 (37%) 

.02* 

 

 

 

 

< .01* 

Pain score        

                 No pain (score 1) 

                 Mild pain (score 2) 

                 Moderate pain (score 3) 

                 Severe pain (score 4) 

 

23 (47%) 

19 (39%) 

6 (12%) 

1 (2%) 

 

22 (45%) 

24 (49%) 

3 (6%) 

/ (0%) 

0.42 

Study specific questionnaire 

                 Swallowing (7 items) 

                 Mouth opening (1 item) 

                 Information (3 items) 

Mean (SD) 

9 (2) 

1,12 (0.39) 

11 (1) 

Mean (SD) 

10 (3) 

1,33 (0.67) 

11 (1) 

 

0.08 

.03* 

0.29 

 

 

PG 88/89; literatuur bleek n fout te bevatten. Dit hierin gewijzigd. 

Table 4. Overview of the functional outcomes described in the literature. 

Authors  No. of patients  Site   Type of 

treatment 

Functional 

outcome 

Follow‐up  Results  

Ackerstaff et al. [39]   207 

(88 vs. 92 3 months) 

Oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT ia versus 

CCRT iv 

Tube‐feeding  3 months  64 (70%) 

Buchbinder et al. 

[27] 

21 

(3 exercise groups ; 

Unassisted exercises 

n = 5, Tongue 

Head and neck 

cancer 

Resection 

and/or 

reconstruction 

combined with 

Mouth opening 

<30mm 

 

2,5 months  Mean 21.6mm 

After exercises : 

TheraBite + 13.6mm 

Unassisted exercises 

Abbreviations: PAS= Penetration and Aspiration Scale; BMI= Body Mass Index; MIO= Maximum interincisor mouth 

opening; FOIS= Functional Oral Intake Scale

* p ≤ 0 .05, ** At the end of treatment 38/49 patients (76%) were tube dependent, *** A higher score means more problems 

with opening the mouth
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Short-term clinical effects: overall
Swallowing function was assessed with videofluoroscopy, using the PAS and determination of 

the presence of contrast residue. The interobserver and intra-observer reliability of the video 

assessments were good: for the PAS they were 0.98 and 0.88, and for the presence of residue 

they were 0.80 and 0.89, respectively. Combining laryngeal aspiration and penetration in the 

PAS, no significant difference was found between post- and pretreatment scores (12 patients 

(24%) vs. 9 patients (18%), respectively; p =.37), with (for comparison with the literature) a 

mean score of 0.95 vs. 1.15 for swallowing the different consistencies [16]. With respect to the 

presence of contrast residue, significantly less residue was found after treatment in 3 of the 4 

different consistencies (5 cc liquid, p < 0.01; 3 cc paste, p = 0.02; cookie, p = 0.01).

Comparing the pre- and posttreatment maximum mouth opening (MIO) a significant decrease 

over time in MIO was found (from 50 to 47 mm, respectively; p < 0.01), but not in occurrence of 

trismus (a MIO < 35 mm; from 5 to 7 patients; p = 0.70).

With respect to weight, there was a significant mean weight loss of 6.1 kg (78.1 to 72.0 kg; p < 

0.01), but the BMI did not decrease significantly (p = 0.25) over the observation period. 

Oral intake, as assessed with the overall functional oral intake scale (fOIS), significantly 

decreased during treatment from a mean score of 7 to a mean of 5 (a higher score indicates 

a more normal intake; p = 0.02). for comparison with the literature, numbers of patients with 

fOIS scores of 1, 2, and 3, indicating an oral intake of less than 50%, and with the scores 

4-7, indicating an oral intake of more than 50%, is also given [7;32;37;38]. Two patients (4%) 

in the pretreatment and 17 patients (35%) of the posttreatment group had a fOIS score of 

1-3. This is in concordance with the increase in tube dependency: before treatment 2 (4%) of 

the patients were tube dependent and at the 10-week posttreatment observation moment, 18 

were tube dependent (37%; p < 0.01). However, this latter figure is a considerable improvement 

in comparison with the tube-dependency at the last day of radiotherapy when 38 of the 49 

patients (76%) still needed a (naso) gastric feeding tube. When compared with the 10-week 

posttreatment observation, this was a significant improvement, with 20 patients regaining their 

oral intake in this period (p < 0.01). 

With respect to pain, no significant differences over time were noted: the pain scores (no, mild, 

moderate, and severe pain) did not vary much (p = 0.42). Patients’ perceived function and 

function-related quality of life for pre- and posttreatment were assessed with a study specific 

questionnaire. The reliability coefficients (Cronbach’s Alpha) varied between 0.516 and 0.867, 

indicating that internal consistency of the set of items in the different subscales was acceptable. 

Patients perceived a significantly smaller mouth opening after treatment than before the onset 

of treatment (p = 0.032). No differences between the pre- and posttreatment answers on the 

swallowing and information subscales were found. 
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Short-term clinical effects: comparison of the two rehabilitation groups 
randomisation for the two rehabilitation arms did not show statistically significant differences 

with respect to site of the primary tumor and stage. As a consequence of the stratification with 

respect to tumor site only, there was a significant difference in the gender distribution, with 9 

female patients out of 25 patients in the S arm and only 1 female of the 24 patients in the E arm 

(p = 0.01).

As already mentioned, female patients practiced significantly more days than males (mean = 

64 and 47 days, respectively; p = 0.05), and patients in the S group practiced significantly more 

days than the patients in the E group (mean = 59 and 41 days, respectively; p = 0.05). Despite 

the fact that patients in the E arm practiced significantly fewer days in total and per week, they 

showed similar results compared to the patients in the S arm.

Another significant difference at 10-weeks posttreatment was that the E group showed 

significantly less residue swallowing Omnipaque coated cake (p = 0.021) compared with the S 

group. for the other consistencies, no significant differences between the two rehabilitations 

were found. There were also no significant differences found for the PAS between groups. The 

only other statistically significant difference between the groups was that males in the E group 

reported significantly more pain than the males in the S group (p < 0.02).

disCussion

The high incidence of tumor-related functional Sequelae in advanced head and neck cancer 

at initial diagnosis [34] and the burdensome treatment with concomitant chemo-radiotherapy 

(CCrT) with its inherent local toxicity, often results in complete cessation of oral intake and 

prolonged periods of tube feeding [15]. The consequential lack of masticatory and pharyngeal 

muscle activity is an additional reason for the frequent and significant delay in posttreatment 

swallowing recovery. Therefore, continued muscle activation throughout the treatment and 

posttreatment period to prevent or limit the necessity of tube feeding and maintain swallowing 

function seems self-evident. However, the feasibility of complying with a rehabilitation program 

parallel to the oncologic treatment has not been systematically studied before. The present 

randomized controlled trial (rCT) shows that, despite the burdensome CCrT, most patients 

(69%) are still able to perform the exercises immediately after instructions were given. With 

most of the patients training 4 days a week and 14% even training every day, compliance can 

also are considered acceptable. 

The absence of a control group (without rehabilitation) may be considered as a weakness of 

this study, but this could not be avoided since withholding rehabilitation is no longer considered 
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ethical according to the guidelines of the Dutch Head and Neck Cooperative Group [23]. 

However, 76% tube feeding at the end of treatment and 37% at 10-weeks posttreatment 

compare favorably with a comparable randomized CCrT study at our Institute, in which these 

figures were 86% (157/183) at the end of treatment and 62% (112/180) at 12 weeks [39]. Including 

a (control) group that received the standard and the experimental exercises might have provided 

information about the added value of the experimental exercises, but a third therapy group 

would have required a much larger number of patients to power the study and, consequently, 

a logistically unfeasible increase in the accrual period. furthermore, because chemoradiation 

treatment is very demanding, our aim was to attain the best result with the least possible burden 

to the patients. Since patient compliance with a standard exercise program was still unknown, 

exposing patients to a combined program seemed unreasonable to us. 

Interestingly, patients who practiced daily did not differ significantly from those who did not, 

in any of the outcome parameters. Another preventive study focusing on trismus did show a 

trend towards better results in patients who applied the exercises described by Santos and 

Buchbinder, compared to those who did not exercise [40]. Carroll et al. also suggested that 

implementation of pretreatment exercises produces measurable improvements in posttreatment 

swallowing function or dysphagia-specific quality of life [13;16]. Unfortunately, patients’ 

compliance was not addressed in these studies. To achieve good compliance and thus better 

results, training programs must be realistic. The American College of Sports Medicine Position 

Stand suggest that resistance training for the average healthy adult should be performed at 

least 2-3 days/week [33]. Keeping this recommendation in mind, the results in the present study, 

with most patients practicing 4 days a week, are quite good regarding exercise frequency, 

especially when considering this specific population had undergo. Another important factor 

influencing compliance is the support and assistance given. Melchers et al. explored factors 

that may influence adherence to performing the TheraBite exercise [41]. They reported that 

internal motivation to exercise, the perceived effect, self-discipline, and having a clear exercise 

goal positively influenced adherence to the TheraBite exercise regimen. Perceiving no effect, 

limitation in TheraBite opening range and reaching the exercise goal or a plateau in mouth 

opening were negative influences. regular assistance/support is thus important to counteract 

these negative influences. If the assistance/ support in this study had been more intensive 

(during and after treatment, when patients were at home), the clinical short-term effects might 

have been better.

In the present protocol, both rehabilitation protocols could not prevent a small (3 mm), but 

significant decrease in mouth opening, but the decrease might have been greater if no exercise 

was performed [22;27;28]. Since preventive exercises can only address muscle activity, and 

not CCrT-related mucosal toxicity, the significant decrease in weight and oral intake might 
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have been a reflection of pain and altered metabolism rather than the exercises. Interestingly, 

training seems to have a positive effect on the presence of post-swallow residue after CCrT: 

significantly less contrast residue was found for all consistencies except 1 cc liquid. However, 

the loss of tumor mass could have influenced these results. Comparing the two rehabilitation 

groups, it is interesting to note at this early stage of posttreatment evaluation that the E group 

showed significantly less contrast residue when swallowing Omnipaque coated cake than the 

S group, which might suggest better mucosal clearance and improved (underlying) muscle 

activity, leading to greater pressure for clearance during pharyngeal constriction in the E group. 

We have no explanation for the perceived pain difference between the groups, but the fact that 

more males were included in the E group is noteworthy.  

randomisation was stratified according to tumor site and not to sex, thus resulting in only 1 

female included in the E group; therefore, no comparisons could be made between sex and 

the different exercise regimes. The sex differences between the groups could have influenced 

the results: patients in the E group practiced significantly fewer days in total and per week 

compared to the S group, and females practiced significantly more days/week than males. This 

under-representation of females in the E group could be an explanation for these differences. 

furthermore, this might also explain why no evidence was found for our expectation that 

tolerance, compliance, and feasibility of the exercises would be better in the E-group (using the 

TheraBite). Thus, in terms of the short-term functional outcomes, one has to conclude that both 

exercise regimes seem equally effective.

 

A comparison with the literature
Aside from comparing the functional outcomes of this rCT with historical controls from our 

own Institute [39], a comparison with the literature was made to assess whether patients in this 

trial did better than patients not exercising. Table 4 gives an overview of the relevant studies 

that reported on functional outcomes (aspiration, tube-dependency, nutrition, weight, mouth 

opening), described in the systematic review by Van der Molen et al. [15] or Dijkstra et al. [26]. 

Studies published after the search period [37;39;40] and/or reporting on rehabilitation were also 

reviewed [13;16;40]. Only studies of patients undergoing CCrT (supplemented with two rT-only 

studies reporting on trismus), and which reported on early follow-up results (until 3 months 

posttreatment) were analyzed. 

The PAS in our study was a mean of 1.15, better than the 4.11 obtained in the study by Carroll et 

al., in which patients also exercised during treatment [16]. Also, mean weight loss was somewhat 

less in our study (mean 6.1kg, 7,8%), than in the studies of Newman et al. [42], (10%) and Oates 

et al. [43] (mean = 8.2 kg; 13%). 

Other studies occasionally better scores for the aspiration rate, mean reduction in mouth 
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opening, oral intake and tube-dependency.  for example, in the study by Newman et al. [43], 

less aspiration was found in the CCrT group (7%) than the present study (18%). In other 

studies aspiration ranged from 23% to as high as 65% [2;6;16;38;44]. Whether the presence of 

residue in our study is better or comparable with studies that did not include groups receiving 

rehabilitation is unclear. Several studies used the oropharyngeal swallow efficiency (OPSE) to 

measure the percentage of oral- and pharyngeal residue instead of the occurrence of residue 

above and or below the valleculae (7, 38, 45). The least reduction in mouth opening was found 

by Grandi et al [40]. Their patients, who did the Santos exercises, showed a mean reduction in 

mouth opening of 1.38 mm. 

In the present study and in the other two groups of the study by Grandi et al. [40], a mean 

reduction of 3, 3.80 and 4.94 (no exercises) was found, respectively. The study by Buchbinder et 

al. [27] included only patients who already showed trismus, so it is not surprising that the mean 

mouth opening is much smaller. All patients in that study performed exercises with TheraBite 

and showed a therapeutic effect that was indicated by an increase in mouth opening. However, 

this was a therapeutic and not a preventive trial and as such not comparable to our study. 

Analyzing the oral intake (less than 50% by mouth) and tube-dependency, patients in the study 

by Lazarus et al. [37] showed the best scores (18% vs. 18%). In the present study, scores of 35% 

vs. 37% were found, with a wide range of 23-79% and 26-93% in other studies [7;38;39;42-44].

A disadvantage of this comparison obviously is the heterogeneity of the research coming from a 

range of institutes, the inclusion of different tumor sites, the different treatment protocols used, 

the mostly small sample sizes, and the different assessment tools used. This makes it difficult to 

come to any firm conclusions. Therefore, as already mentioned, a comparison with the results 

obtained earlier in our Institute seems more relevant [39]. 

 
table 4 | Overview of the functional outcomes described in the literature.

Authors  No. of patients  Site   Type of 

treatment 

Functional 

outcome 

Follow‐up  Results  

Ackerstaff et al. [39]   207 

(88 vs. 92 3 months) 

Oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT ia versus 

CCRT iv 

Tube‐feeding  3 months  64 (70%) 

Buchbinder et al. 

[27] 

21 

(3 exercise groups ; 

Unassisted exercises 

n = 5, Tongue 

depressors n=7, 

TheraBite n=9) 

 

Head and neck 

cancer 

Resection 

and/or 

reconstruction 

combined with 

RT 

Mouth opening 

<30mm 

 

2,5 months  Mean 21.6mm 

After exercises : 

TheraBite + 13.6mm 

Unassisted exercises 

+ 6.0mm 

Tongue depressors 

+ 4.4mm 

Carroll et al. [16]   18 

(pretreatment 

exercises N= 9 vs. 

posttreatment 

exercises N = 9) 

 

Oropharynx, 

hypopharynx, 

larynx 

CCRT  Aspiration PAS 

score (VMBS) 

 

 

3 months 

 

 

Mean 4.11 vs. 3.88 

 

 

Eisbruch et al. [2]  20 (post‐1)  Oral cavity, 

nasopharynx, 

oropharynx, 

hypopharynx, 

larynx, other 

 

CCRT  Aspiration (VMBS)  1‐3 months  13 (65%) 

Grandi et al. [40]  54 

(No exercises N = 18 

Group 1 

(Buchbinder) N = 18 

Group 2 (Santos) N 

= 18) 

 

Head and neck  

(masticatory 

muscles in the 

irradiated field) 

RT  Mouth opening  Final day of 

RT 

Mean reduction 

No exercises : 4.94 

Group 1 : 3.80 

Group 2 : 1.38 

Kotz et al. [6]  12  Oral cavity, 

oropharynx, 

larynx, 

unknown 

CCRT  Aspiration (VMBS) 

Residue  

Mean 2 

months 

4 (33%) 

4 (33%) 

Lazarus et al. [37]  46 

(3 months N = 22) 

Oral cavity, 

oropharynx 

CCRT  Oral intake 

Tube‐feeding 

(VMBS) 

3 months  4 (18%) intake < 

50% 

4 (18%) 

Logemann et al. [32]   48 

 

Nasopharynx, 

oropharynx, 

hypopharynx, 

larynx 

CCRT/ RT  Oral intake 

 

3 months  12 (25 %) 

Logemann et al. [38]  53  Nasopharynx, 

oropharynx, 

hypopharynx, 

larynx, 

unknown 

 

CCRT  Tube‐feeding 

Oral intake 

Aspiration (VMBS) 

3 months  21 (40%) 

12 (23%) intake 

<50% 

12 (23%) 

Newman et al. [43] 

 

47  Oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT  Tube‐feeding  

Weight  

Oral intake 

Final day of 

RT 

12 (26%) 

Mean loss 10% 

37 (79%) not  

normal 

Newman et al. [7]  30 

(RADPLAT N =14, 

CCRT N = 16) 

Oral cavity, 

pharynx, larynx 

RADPLAT vs. 

CCRT  

Aspiration (VMBS) 

Oral intake 

 

1 months  7% vs. 27% 

57% vs. 50% intake 

<50% 

 

Nguyen et al. [44]   63  Nasopharynx, 

oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT  Aspiration (VMBS) 

Tube‐feeding 

Mean 2 

months 

31 (49%) 

18 (29%) 

Oates et al. [42]  14  Nasopharyngeal 

cancer 

CCRT  Tube‐feeding  

Weight  

3 months  13 (93%) 

Mean weight loss 

8.2kg (13%) 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Authors  No. of patients  Site   Type of 

treatment 

Functional 

outcome 

Follow‐up  Results  

Ackerstaff et al. [39]   207 

(88 vs. 92 3 months) 

Oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT ia versus 

CCRT iv 

Tube‐feeding  3 months  64 (70%) 

Buchbinder et al. 

[27] 

21 

(3 exercise groups ; 

Unassisted exercises 

n = 5, Tongue 

depressors n=7, 

TheraBite n=9) 

 

Head and neck 

cancer 

Resection 

and/or 

reconstruction 

combined with 

RT 

Mouth opening 

<30mm 

 

2,5 months  Mean 21.6mm 

After exercises : 

TheraBite + 13.6mm 

Unassisted exercises 

+ 6.0mm 

Tongue depressors 

+ 4.4mm 

Carroll et al. [16]   18 

(pretreatment 

exercises N= 9 vs. 

posttreatment 

exercises N = 9) 

 

Oropharynx, 

hypopharynx, 

larynx 

CCRT  Aspiration PAS 

score (VMBS) 

 

 

3 months 

 

 

Mean 4.11 vs. 3.88 

 

 

Eisbruch et al. [2]  20 (post‐1)  Oral cavity, 

nasopharynx, 

oropharynx, 

hypopharynx, 

larynx, other 

 

CCRT  Aspiration (VMBS)  1‐3 months  13 (65%) 

Grandi et al. [40]  54 

(No exercises N = 18 

Group 1 

(Buchbinder) N = 18 

Group 2 (Santos) N 

= 18) 

 

Head and neck  

(masticatory 

muscles in the 

irradiated field) 

RT  Mouth opening  Final day of 

RT 

Mean reduction 

No exercises : 4.94 

Group 1 : 3.80 

Group 2 : 1.38 

Kotz et al. [6]  12  Oral cavity, 

oropharynx, 

larynx, 

unknown 

CCRT  Aspiration (VMBS) 

Residue  

Mean 2 

months 

4 (33%) 

4 (33%) 

Lazarus et al. [37]  46 

(3 months N = 22) 

Oral cavity, 

oropharynx 

CCRT  Oral intake 

Tube‐feeding 

(VMBS) 

3 months  4 (18%) intake < 

50% 

4 (18%) 

Logemann et al. [32]   48 

 

Nasopharynx, 

oropharynx, 

hypopharynx, 

larynx 

CCRT/ RT  Oral intake 

 

3 months  12 (25 %) 

Logemann et al. [38]  53  Nasopharynx, 

oropharynx, 

hypopharynx, 

larynx, 

unknown 

 

CCRT  Tube‐feeding 

Oral intake 

Aspiration (VMBS) 

3 months  21 (40%) 

12 (23%) intake 

<50% 

12 (23%) 

Newman et al. [43] 

 

47  Oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT  Tube‐feeding  

Weight  

Oral intake 

Final day of 

RT 

12 (26%) 

Mean loss 10% 

37 (79%) not  

normal 

Newman et al. [7]  30 

(RADPLAT N =14, 

CCRT N = 16) 

Oral cavity, 

pharynx, larynx 

RADPLAT vs. 

CCRT  

Aspiration (VMBS) 

Oral intake 

 

1 months  7% vs. 27% 

57% vs. 50% intake 

<50% 

 

Nguyen et al. [44]   63  Nasopharynx, 

oral cavity, 

oropharynx, 

hypopharynx, 

larynx 

CCRT  Aspiration (VMBS) 

Tube‐feeding 

Mean 2 

months 

31 (49%) 

18 (29%) 

Oates et al. [42]  14  Nasopharyngeal 

cancer 

CCRT  Tube‐feeding  

Weight  

3 months  13 (93%) 

Mean weight loss 

8.2kg (13%)  

 

Abbreviations: 
 RT = Radiotherapy    Qol = Quality of Life
 CCRT = Chemoradiotherapy   VMBS = Videofluoroscopy modified barium swallow
 RADPLAT = Radiotherapy and Cisplatin

Thus, overall the results of this study are comparable or somewhat better than the results 

reported in literature and much better compared to earlier results from our Institute, which is 

encouraging. Nevertheless, it is interesting to investigate why some functional deficits like trismus 

or aspiration still occur despite rehabilitation programs. An explanation might be that these 

patients received higher mean rT doses (Gy) on the muscles critical to swallowing function. An 

increasing number of studies focus on the relation between the severity of swallowing problems 

or trismus and the mean radiation doses on the swallowing and jaw structures [2;46;47]. Teguh 

et al. [47] reported that a significant correlation was observed between dose in masseter and 
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pterygoid muscles and trismus. They also concluded that with every additional 10 Gy to the 

pterygoid muscle, there is a 24% increase in the probability of trismus. It is therefore interesting 

to analyze if patients in this study, who still showed severe functional problems after treatment, 

received a larger mean rT dose on the involved muscles. Such studies are presently under way 

and will be published separately.  

Based on the results obtained in this study, it is not possible to conclude that pretreatment 

exercises are efficacious in preventing swallowing problems and trismus, but they seem to 

reduce the extent and severity of the functional problems that occur after CCrT. further dose-

effect and long-term clinical analyses are needed before any firm conclusions can be drawn.

 

ConClusion

This study shows that pretreatment rehabilitation is feasible and that acceptable compliance 

can be obtained despite the burdensome effects of CCrT. Early posttreatment functional 

outcomes for patients with advanced head and neck cancer seem to improve with either of the 

two exercise regimes used in this study. Long-term effects have to be awaited before definitive 

conclusions can be drawn about which of the two regimes, if any, is preferred.
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