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abstraCt

background: Preventive swallowing exercises are postulated to enhance patients’ functional 

outcomes after concomitant chemoradiotherapy (CCrT) for advanced head and neck cancer.

Methods: fifty-five advanced head and neck cancer patients, planned for CCrT, were 

included in a randomized controlled trial (rCT) comparing two preventive swallowing exercise 

programs (Standard vs. Experimental). Objective (e.g. videofluoroscopy) and subjective (e.g. 

questionnaires) multidimensional outcome measures were used to assess functional changes 

over time. Thirty-seven patients (67%) were disease free and evaluable at 1-year. 

results: 1-year after CCrT, both exercise arms showed similar functional outcomes. functional 

problems were limited to one patient aspirating (3%), and 3 patients showing trismus (8%). Only 

one patient (3%) needed tube feeding again (was 25% in a historical in-house CCrT trial).

Conclusion: No significant differences between the two preventive exercise arms were found, 

but compared to ‘controls’ both programs seem to limit functional problems after CCrT for 

advanced head and neck cancer.
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introduCtion

Nowadays, concurrent chemoradiation (CCrT) is increasingly used for the treatment of locally 

advanced unresectable head and neck carcinomas, because results, with loco-regional 

control rates of 50% to 70%, exceed those for radiation alone [1;2].  However, the addition 

of chemotherapy to radiotherapy is associated with a substantial increase of early and late 

toxicities [1]. The most frequent functional outcomes reported in the literature as negative 

side effects of CCrT are dysphagia and nutritional limitations [3]. Both are major causes for a 

decreased quality of life [3]. Also pain, xerostomia, limited mouth opening (trismus), and voice 

and speech problems are often observed [3-5]. More recently, the additional negative impact of 

neck dissection on long-term feeding tube dependency has become clear [6;7].

In view of the widespread awareness of these functional sequels of CCrT, one would expect 

that more efforts would be directed towards developing and implementing preventive exercise 

programs; not only posttreatment, after the functional/anatomical harm has occurred, but also 

pretreatment to possibly prevent these sequels. In terms of prevention, literature primarily focuses 

on limiting the radiotherapy dose to the musculature involved in swallowing and mastication 

using Intensity-Modulated radiation Therapy (IMrT) [8]. However, sparing musculature in this 

way, without addressing the risk of muscle atrophy due to immobilization during tube feeding, 

might not be sufficient to reduce functional problems after CCrT [8]. Keeping the involved 

musculature active during CCrT despite cessation of swallowing (by regularly applying 

stretching and strengthening exercises, such as the effortful swallow, tongue-holding maneuver 

and the super-supraglottic swallow) might be a relevant adjunct to lowering the dose to these 

muscles. However, prospective randomized studies, which investigate whether rehabilitation or 

precautionary exercises prevent long-term swallowing or mouth opening problems of CCrT, 

are still lacking [3;9-14]. Interestingly, such exercises are recommended as the standard of care 

in the Netherlands, even without solid evidence that these exercises are effective in this patient 

group [15].

Givens et al., e.g., suggest that speech and swallowing pathologists should address functional 

outcomes like swallowing before and during CCrT to enhance the functional outcomes 

posttreatment [16]. However, to our knowledge there are only two non-randomized studies 

with small patient samples, which addressed pretreatment swallowing exercises of head and 

neck cancer patients [17;18]. Kulbersh et al. reported that the dysphagia-specific Quality of Life 

scores of 25 head and neck cancer patients treated with CCrT, who received pretreatment 

swallowing education and exercises, were significantly better than those of 12 controls, who 

received swallowing exercises at the first visit after the completion of their treatment [18]. The 

case-control study by Caroll et al., which seems to be a sub-analysis of the data of Kulbersh 
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et al., also suggested that pretreatment swallowing exercises do improve posttreatment 

swallowing function in head and neck cancer patients (N=18) receiving CCrT [17]. 

To investigate whether the functional problems caused by CCrT can be prevented or limited, a 

prospective randomized Controlled Trial (rCT) “Prevention of trismus, swallowing and speech 

problems in patients treated with chemoradiation for advanced head and neck cancer” was 

initiated. The short-term results of this preventive exercise program, that included 2 exercise 

arms, showed that starting swallowing and mouth opening exercises before the onset of CCrT 

and continuing during and after treatment (approximately 10-weeks after the last radiotherapy 

was given) is feasible and that compliance was good [19]. Overall, the short-term functional 

outcomes mouth opening, oral intake and weight decreased significantly up to 10-weeks after 

treatment. However, no short-term differences between the two preventive exercise arms were 

found. Nevertheless, these early posttreatment overall functional outcomes seemed better 

(regardless of exercise regime) compared to results of the preceding CCrT trial from our own 

institute [20;21] and to feeding tube dependency results reported in the literature. 

In the present study, we investigate whether there were differences in functional outcomes 

between the two preventive exercise groups on the long-term (approximately 1-year after CCrT), 

and whether these promising short-term overall results were still present 1-year posttreatment. 

Materials and Methods

Patients with advanced stage (III and IV), and functionally [22] or anatomically inoperable 

squamous cell carcinoma of the oral cavity, oropharynx, hypopharynx, larynx, or nasopharynx 

treated at The Netherlands Cancer Institute (NKI) with concomitant chemoradiation (CCrT) 

were enrolled in this rCT (see 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. The patients were consecutively recruited over 

a period of 20 months (starting the second half of 2006). The study was approved by the local 

medical ethical committee, and written informed consent was obtained from all patients before 

they entered the study. 

Of the 72 eligible patients, 37 patients (51%) were disease free at 1-year posttreatment, and 

available for analyses. Other reasons for exclusion can be seen in the Consort flowchart (23) in 

fig. 1. Patients’ characteristics are given in Table 2.
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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   

Before, approximately 10-weeks, and 1-year after completing CCrT, a multidimensional 

assessment protocol was used to evaluate functional outcomes. The protocol included 

measuring the maximum interincisor mouth opening by the TheraBite range of Motion Scale 

(Atos Medical AB, Hörby, Sweden). Standard videofluoroscopy (VfS) was used to evaluate 

swallowing function using the KAY swallowing workstation (Kay Elemetrics/Pentax, Lincoln 

Park, NY, USA). All patients were asked to swallow different consistencies of varying amounts 

twice (1 and 5 cc thin liquid; 3 cc paste; as well as solid (Omnipaque coated cake). The ability of 

the oral cavity and pharynx to move food efficiently and safely into the esophagus was assessed 

using the Penetration and Aspiration Scale (PAS; score 1: material does not enter the airway, 

to score 8: material enters the airway, passes below the vocal folds, and no effort is made to 

eject) and an overall ‘presence of residue’ score [24]. for all consistencies, the first swallow was 

used for analysis, both for the PAS and the presence of residue. The presence of residue was 

scored as ‘no residue’, ‘residue above the valleculae’ (included 1. the lateral sulcus or floor of 

the mouth and/or 2. valleculae (minimal residue is judged as normal [25;26]); ‘residue below the 

valleculae’ (included 3. posterior wall of the pharynx and/or 4. pyriform sinuses) and ‘residue 

above and below the valleculae’. Each videofluoroscopic study was reviewed in real-time, slow 

motion, and frame-by-frame. All swallow studies were scored by the first author (LvdM), and 

another experienced speech language pathologist. Several days later, twenty percent of the 

videos were scored again to determine intra- and interobserver reliability. Next to this, weight 

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

was also included, as was a visual analogue scale (VAS) for pain assessment [27]. Quality of 

life was assessed by a structured study specific questionnaire, which includes detailed and 

symptom-specific questions relevant for this specific cancer group. finally, data about tube 

feeding and the total number of days using the feeding tube were collected.
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Figure 1 | Consort flowchart of patient randomization and analysis.
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table 2 | Patient characteristics 1-year after concurrent chemoradiotherapy (CCrT) (N=37).

-78‐ 

 

 

Table 2. Patient characteristics 1‐year after concurrent chemoradiotherapy (CCRT) (N=37). 

 

Characteristics  No. of participants (%) 

Posttreatment (1 year) 

 

 

  Standard 

group 

 

Experimental 

group 

Total 

No. of participants (%)  20 (54)  17 (46)  37 

Age in years 

  Median 

  Range 

 

60 

45‐65 

 

56 

39‐77 

 

58 

39‐77 

Sex 

  Male 

  Female 

 

12 

8 

 

16 

1 

 

28  (76) 

9  (24) 

T Classification 

  T1 

  T2 

  T3 

  T4 

 

4    (20) 

6    (30) 

7    (35) 

3    (15) 

 

3     (18) 

6     (35) 

7   (41) 

1     (6) 

 

7     (19) 

12   (32) 

14   (38) 

4     (11) 

N Classification 

  N0 

  N1 

  N2 

  N3 

 

1    (5) 

8    (40) 

9    (45) 

2    (10) 

 

2     (12) 

5     (29) 

7     (41) 

3     (18) 

 

3     (8) 

13   (35) 

16   (43) 

5     (14) 

Stage 

   III 

   IV 

 

8    (40) 

12  (60) 

 

6    (35) 

11   (65) 

 

14   (38) 

23   (62) 

Tumor site 

Oral cavity/oropharynx   

     Floor of mouth      

     Tongue 

     Retromolar trigone      

     Base of tongue 

     Tonsil 

     Soft palate 

     Pharynx posterior wall 

     Valleculae 

Laryngo/hypopharynx 

     Piriform sinus 

     Hypopharynx posterior wall 

     Supraglottic larynx 

Nasopharynx 

 

 

9  (45) 

 

 

1    (5) 

3    (15) 

3    (15) 

1    (5) 

 

1    (5) 

8    (40) 

7    (35) 

 

1    (5) 

3    (15) 

 

7   (41) 

 

 

 

4     (24) 

3     (18) 

 

 

 

7     (41) 

6     (35) 

1     (6) 

 

3     (18) 

 

16   (43) 

 

 

1    (3) 

7    (19) 

6    (16) 

1    (3) 

 

1    (3) 

15  (41) 

13  (35) 

1    (3) 

1    (3) 

6    (16) 

Treatment  

 

100‐mg/m
2
 Cisplatin as a 40 minutes IV infusion on days 

1, 22, and 43.  

 

And concurrent Intensity‐modulated radiotherapy (IMRT) 

of 70 Gy in 35 fractions administered over 7 weeks. 

Smoking            Yes 

                            No 

Mean pack/years 

 

Drinking            Yes 

                            No 

Mean units/day 

 

10 (27%) 

27 (73%) 

33 (range 14‐65) 

 

23 (62%) 

14 (38%) 

20 (range 0‐53) 

  

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

the familiarity with the exercises was evaluated and scored (1. being ‘very familiar with the exercises’ 

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

 

To evaluate the feasibility of the 2 preventive exercise programs and compliance with the 

exercises, the familiarity with the exercises was evaluated and scored (1. being ‘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 experience with the exercises. 
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Preventive exercises program
A systematic review of the literature showed that swallowing disorders of varying severity 

occurred after CCrT [28]. Only exercises and maneuvers, relevant to the problems identified 

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

exercise programs (for a detailed description of these studies, see the previous publication of 

Van der Molen et al. [19]). 

Because prescribing swallowing exercises is considered the standard of care in the Netherlands, 

having a non-practice arm in the study was deemed unethical, as described before. Therefore, 

prior to treatment all patients were randomized into two groups: an experimental (E) group that 

was provided with the TheraBite Jaw Motion rehabilitation System (Atos Medical AB, Hörby, 

Sweden) and a group receiving the most effective methods currently available in a logopaedic 

setting (Standard (S) group). Patients were stratified according to the tumor site (oral cavity and 

oropharynx, larynx and hypopharynx, and nasopharynx) (Table 2). The rationale for the E group 

was that tolerance of the TheraBite is good, it is easy to use and compliance tends to be high 

[29]. furthermore, Burkhead et al. studied the effect of jaw and tongue position on suprahyoid 

muscle function during swallowing with the use of the TheraBite [30]. These authors concluded 

that a relative change in muscle activity across conditions showed an incremental increase with 

jaw position. 

for visual instructions of the exercises see appendix A and B in the paper of Van der Molen et al. 

[31]. Both regimes consist of comparable stretch and strength exercises to keep the swallowing 

musculature active before, during, and after CCrT, even when patients are not swallowing 

because of (naso) gastric tube feeding. 

The S group consisted of three repetitions of five different range of motion exercises (jaw and 

tongue base stretch exercises) and five repetitions of strengthening exercises, namely the 

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

The stretch exercise of the E group consisted of three repetitions of a passive and slow opening 

of the mouth with the TheraBite device. The strengthening exercise consisted of ten repetitions 

of swallowing with the tongue elevated to the palate while maintaining mouth opening at 50% 

of its maximum, thus training the suprahyoid muscles [30]. 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. In a separate session approximately 2 weeks prior to the onset of CCrT, participants 

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

exercises independently and practice (three times) daily, in the hospital or at home, before 

being affected by the negative side-effects of treatment. Patients were encouraged to practice 

3 times a day and to integrate the exercises into other daily activities. 

It was hypothesized that the average improvement in maximum interincisor mouth opening 
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(after intervention versus before intervention) would be greater in the TheraBite group than in 

the standard intervention group.

statistical analysis
Prior to the study, the null-hypothesis2 was that there is no difference between the exercise 

groups, whereas the alternative hypothesis was that the maximum interincisor mouth opening 

would be better/less affected in the TheraBite group. The sample size calculation was based on 

the assumption of a difference in mouth opening of 8 mm (SD=8mm) in favor of the TheraBite-

based exercises . This calculation suggested that the inclusion of 25 subjects per group would 

result in a power of 80% (alpha =.05; two sided test) to test this hypothesis.

All statistical analyses were performed in PASW Statistics version 18 (SPSS, Inc, Chicago, 

Illinois). randomization was performed centrally by computer at the NKI using blocks of 6, 

stratified by tumor site (oral cavity and oropharynx, nasopharynx, and larynx and hypopharynx) 

(ALEA software).

for associations of nominal variables fishers’ Exact tests were applied whereas for ordinal 

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, a P-value 

of ≤ .05 was considered statistically significant. Inter –and intra-observer reliability for the 

aspiration and residue measures (Cronbach’s Alpha), was determined (twenty percent of the 

tapes rated by the first author and a Speech Language Pathologist not involved in the study). 
 

results

Of the 72 patients screened, 55 patients met the inclusion criteria, at which point the accrual could 

be stopped based on the power calculation. Of these 55 patients, 49 patients could be evaluated 

pretreatment and approximately 10-weeks (range 9-12; one outlier had the measurements at 16 

weeks posttreatment) after their last radiotherapy. Thirty-seven patients, 28 males and 9 females, were 

disease free and could be evaluated approximately at 1-year (median 52 weeks, range 48-59 weeks) 

posttreatment. The median age was 58 years (range 39-77 years). reasons for exclusion at the 1-year 

evaluation point were death of disease (n=7), recurrent progressive local disease (n=2), adjuvant therapy 

for persistent local disease (n=2; surgery/photodynamic therapy), and administrative miss (n=1) (fig. 1 

and Table 3). Seven patients (19%) required a neck dissection for residual regional disease during follow-

up, and they were kept in the analysis. 

first, the comparison between the two exercise arms will be described. Secondly, an overview of the 

grouped results at 1-year post CCrT for the total patient group will be given (Table 3).

2Preliminary clinical data of 10 patients revealed an improvement in maximum interincisor mouth opening of 6 mm (SD=5.7 
mm) after using the TheraBite. It is expected that the average improvement in maximum interincisor mouth opening (after 
intervention versus before intervention) will be greater in the TheraBite group than in the standard intervention group. (H1 = 
average improvement in mouth opening of TheraBite group > average improvement in mouth opening of Standard group). 
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table 3 | Patient characteristics of this randomize controlled trial (rCT) (N=37) and a subgroup (N=53) of a historical 

control group from the preceding concomitant chemoradiotherapy (CCrT) trial at our Institute (without preventive 

exercises)*.

  No. of participants (%) 

this RCT 

 

No. of participants (%) 

preceding CCRT trial* 

 

No. of participants 

 

37  53 

Age in years 

Median 

Range 

 

 

58 

39‐77 

 

55 

24‐75 

Sex 

Male 

Female 

 

 

28 (76%) 

9 (24%) 

 

36 (68%) 

17 (32%) 

Stage distribution 

III 

IV 

 

 

14 (38%) 

23 (62%) 

 

14 (26%) 

39 (74%) 

Tumor site 

Oral cavity/oropharynx 

Hypopharynx 

Nasopharynx 

 

16 (43%) 

15 (41%) 

6 (16%) 

 

42 (79%) 

11 (21%) 

 

Tube dependency
 

 

 

1/37 (3%) 

 

13/53 (25%) 

 

Follow up 

 

Pre 

10 wks 

1‐year 

 

Pre 

7 wks 

1‐year 

 

 

* This preceding historical CCRT trial will be discussed in the discussion section.

Comparison between the two exercise arms
No significant differences between the two exercise groups were found with respect to the 

clinical outcome parameters (fig. 2). The average “improvement” in maximum interincisor 

mouth opening at 1-year compared to baseline was negative: -1.5 mm (SD 7.3) in the standard 

group, and -0.53 mm (SD 6.3) in the experimental group. However, comparing the 1-year results 

with the 10-weeks posttreatment results, a slight average improvement in mouth opening was 

found (overall: 1.76 mm (SD 5.2); standard group: 1.2 mm (SD 5.2); experimental group: 2.4 mm 

(SD 5.3). Three patients (8%) in the Standard exercise arm (N=20), who suffered from trismus at 

10-weeks posttreatment, still suffered from trismus at 1-year. At 6-months posttreatment, one 

of these 3 patients was treated with the TheraBite jaw motion rehabilitation device, because of 

severe trismus. Obviously, because of our intention-to-treat-basis, this patient was not ‘crossed’ 

over to the experimental arm, but still analyzed in the Standard group, as originally randomized 

in. The mouth opening of this patient improved thereafter (from 12 mm to 20 mm), but did not 

reach the cutoff point of 35 mm 1-year posttreatment. In the TheraBite exercise arm, none of 

the 17 patients had trismus at 1-year. The 2 patients (12%) in this arm, who did have trismus at 

10-weeks post CCrT, had recovered from that at the 1-year assessment point. However, this 

trend towards better results in the TheraBite arm was not significant (p =.096).
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table 3 | Patient characteristics of this randomize controlled trial (rCT) (N=37) and a subgroup (N=53) of a historical 

control group from the preceding concomitant chemoradiotherapy (CCrT) trial at our Institute (without preventive 

exercises)*.

* This preceding historical CCRT trial will be discussed in the discussion section.

Comparison between the two exercise arms
No significant differences between the two exercise groups were found with respect to the 

clinical outcome parameters (fig. 2). The average “improvement” in maximum interincisor 

mouth opening at 1-year compared to baseline was negative: -1.5 mm (SD 7.3) in the standard 

group, and -0.53 mm (SD 6.3) in the experimental group. However, comparing the 1-year results 

with the 10-weeks posttreatment results, a slight average improvement in mouth opening was 

found (overall: 1.76 mm (SD 5.2); standard group: 1.2 mm (SD 5.2); experimental group: 2.4 mm 

(SD 5.3). Three patients (8%) in the Standard exercise arm (N=20), who suffered from trismus at 

10-weeks posttreatment, still suffered from trismus at 1-year. At 6-months posttreatment, one 

of these 3 patients was treated with the TheraBite jaw motion rehabilitation device, because of 

severe trismus. Obviously, because of our intention-to-treat-basis, this patient was not ‘crossed’ 

over to the experimental arm, but still analyzed in the Standard group, as originally randomized 

in. The mouth opening of this patient improved thereafter (from 12 mm to 20 mm), but did not 

reach the cutoff point of 35 mm 1-year posttreatment. In the TheraBite exercise arm, none of 

the 17 patients had trismus at 1-year. The 2 patients (12%) in this arm, who did have trismus at 

10-weeks post CCrT, had recovered from that at the 1-year assessment point. However, this 

trend towards better results in the TheraBite arm was not significant (p =.096).

With respect to feasibility and compliance, no statistically significant differences were found 

between the two groups either. In total, 28 patients (76%) were very or fairly familiar with the 

exercises, and related to compliance, 7 of the 37 patients (19%) said they practiced every day (1 

year long). four of these 7 patients (24%) were randomized in the TheraBite group and 3 (15%) 

in the Standard group. Of the remaining 30 patients, 11 patients (30%) said they practiced 2 to 

5 days a week (mean 3 day/week), and 19 (51%) no longer practiced. With respect to the mean 

number of days patients practiced in total, a slight, but not-significant, difference between the 

two exercise groups was found, i.e. 158 days for the Standard and 138 days for the Experimental 

group; p =.66). However, this trend did not result in significant functional outcome differences 

between the two exercise groups.

grouped results
Objective outcome parameters
The mean average body weight for the total group at study entry was 73.3 kg (range 43.0-107.0 

kg) and a median weight loss of almost 6 kg was found at 10-weeks posttreatment (p < .0001). 

Weight had not recovered at 1-year for either exercise group (fig. 2a). The mean overall body 

mass index (BMI) pretreatment was 25,7 kg/m² (range 16-36 kg/m²) and decreased by 1.9 kg/m2 

at 10-weeks (p <.0001, see fig. 2b) and likewise did not recover within one year for either group 

(mean 24 kg/m²; range 14-35 kg/m²). A significant association was found between the BMI over 

time and the number of days that patients were tube-dependent, and with oral intake. The lower 

the BMI the longer the patients needed a feeding tube (r =-.354; p =.031), and the lower the BMI 

the less oral intake patients had (r =.364; p =.027). The overall functional oral intake scale (fOIS) 

differed significantly over time. Patient’s oral intake was significantly less at 10-weeks post 

CCrT (p =.0004), but had recovered to the baseline scores, 1-year posttreatment.

The mean maximum interincisor mouth opening 1-year after CCrT was 50 mm (range 20.0-70.0 

mm). Males had a larger mouth opening than females (p =.02). At 10-weeks posttreatment mean 

maximum mouth opening (mean 48 mm) had decreased by 3 mm (p =.01) in comparison with 

baseline measurements (mean 51 mm), but recovered at the 1-year assessment point (mean 50 

mm). However, also for this parameter, patients failed to attain pretreatment scores (fig. 2c for 

both groups). Trismus, i.e. a limited mouth opening of 35 millimeter (mm) or less according to 

Dijkstra et al. [32], at 1-year occurred in 3 (8%) patients, all females, and only in the standard 

exercise arm, a significant difference from males (p =.001). No significant correlation with tumor 

location (2 oropharynx, and 1 nasopharynx) was found.
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1‐year 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in 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the standard exercise 

arm, a significant difference from 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(p 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No 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with 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 location 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oropharynx, and 1 nasopharynx) 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Figure 2. Changes of the Standard and Experimental group in (a) mean body weight (kg), (b) mean Body Mass Index (BMI) (kg/m), (c) mean 

Maximum  Interincisor  mouth  Opening  (mm)  and  (d)  mean  Penetration  and  Aspiration  Scale  (PAS:  0=  no  problems;  1=  laryngeal 

penetration; 2= aspiration) over time (pretreatment, and at 10‐weeks and at 1‐year posttreatment).  

 

 

Patients who showed trismus at 1‐year posttreatment had a significantly smaller mouth opening (p 

=.020)  pretreatment  (i.e.  maximum  interincisor  mouth  opening  ≤  35mm:  mean:  37mm)  than  the 

group of patients that did not develop trismus (mean: 52mm) (see figure 3). 

Figure 2 | Changes of the Standard and Experimental group in (a) mean body weight (kg), (b) mean Body Mass Index (BMI) 

(kg/m), (c) mean Maximum Interincisor mouth Opening (mm) and (d) mean Penetration and Aspiration Scale (PAS: 0= no 

problems; 1= laryngeal penetration; 2= aspiration) over time (pretreatment, and at 10-weeks and at 1-year posttreatment).

Patients who showed trismus at 1-year posttreatment had a significantly smaller mouth opening 

(p =.020) pretreatment (i.e. maximum interincisor mouth opening ≤ 35 mm, mean: 37 mm) than 

the group of patients that did not develop trismus (mean: 52 mm) (fig. 3).

Figure 3 | Box plot of 

the significant difference 

between the mean 

pretreatment maximum 

interincisor mouth 

opening and the 1-year 

posttreatment trismus 

score (p =.20).
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Swallowing function was assessed with videofluoroscopy, using the Penetration and Aspiration 

Scale (PAS) and determination of the presence of contrast residue [33]. Inter-observer and 

intra-observer reliability (Cronbach’s Alpha) of the video assessments was good: for the PAS 

respectively 1.00 and 1.00, and for the presence of residue .86 and .84. One-year after CCrT 1 

of the 37 patients (3%) still aspirated, and 6 patients (16%) showed laryngeal penetration. There 

was an association between the PAS score and the tumor stage and fOIS. Patients treated 

for stage IV tumors penetrated or aspirated significantly more than those for stage III tumors 

(p =.022). Patients who used to have limited oral intake or who had needed nutritional support 

showed significantly more laryngeal penetration (p =.02).

The amount of contrast residue after swallowing several consistencies was normal in only 1 

patient (3%). Seven patients (19%) showed more than normal residue above the valleculae 

only, and 29 patients (78%) showed more than normal contrast residue both above and below 

the valleculae. The only association found was between the presence of contrast residue and 

smoking. Patients who had smoked more than 20 pack/years (21/37= 57%) showed significantly 

more contrast residue (p =.026) than those who smoked less.

Immediately after radiotherapy (7-weeks after onset of treatment) 41 of 49 evaluable patients 

(74%) were tube-dependent, mostly through a percutaneous radiologic gastrostomy. Ten weeks 

later significantly fewer patients (18/49; 37%; p =.006) were still tube dependent, and at 1-year, 

only 1 of the 37 patients used a feeding tube. This patient needed the feeding tube as nutritional 

support during his hospitalization for a lung abscess caused by aspiration pneumonia. 

The mean number of tube dependency days was 118 (median 96; range 8-393 days, N=27). 

In the group that needed a feeding tube (N=27), a mean weight loss of 6 kg (8%) was found at 

10-weeks posttreatment and of 7 kg (9%) at 1-year. for the remaining 10 patients a mean weight 

loss of 6 kg (7%) and 3 kg (4%), respectively, was found. 

After CCrT, 7 patients (19%) required an additional neck dissection because of residual or 

recurrent regional disease. All patients who had an additional neck dissection had a stage 

IV primary tumor. The mean number of days patients needed a feeding tube was higher in 

the patients who needed an additional neck dissection than in the group of patients who did 

not need a neck dissection (144 days versus 77 days, resp.). However, this difference was not 

significant (p =.12).

Subjective outcome parameters
Based on the structured study specific questionnaire subjective outcome parameters were 

analyzed. Pretreatment 27 of the 37 patients (73%) were non-smokers or stopped smoking 

while 10 patients (27%) continued smoking. At 1-year posttreatment these numbers were the 

same. reported alcohol use at 1-year post CCrT increased slightly compared to pretreatment 
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numbers (23 (62%) and 21 (57%), respectively). There was a significant association between 

pack/years and units of alcohol per week (rho =.523; p =.001). 

To analyze the patients’ perception with regard to his/her mouth opening, swallowing function, 

and opinion of the exercise program, several structured trial-specific questions were used at 

1-year after CCrT. On the question of perceived problems with mouth opening, only 1 patient 

(3%) reported considerable problems, 8 patients (22%) indicated some (few) problems, and 

most patients (76%) reported not having problems with mouth opening. All 3 patients with 

objective mouth opening measurement ≤ 35mm (trismus) reported having problems with mouth 

opening.

With respect to swallowing, 16 patients (43%) reported having ‘some problems’ with swallowing 

a cookie and 2 (5%) experienced ‘considerable problems’ at 1-year post CCrT. regarding 

swallowing paste and liquid consistencies, 4 patients (11%) and 3 patients (8%) experienced 

‘some problems’. All 7 patients with abnormal score on the PAS reported having some or 

considerable problems with swallowing these different consistencies. At 1-year the lack of 

saliva was still reported as a ‘major problem’ by most patients. Almost half of the patients (16; 

43%) experienced severe xerostomia, and needed additional liquids during the meals to allow 

more comfortable swallowing of the food bolus (24; 65%).

At 1-year after CCrT more than half of the 37 patients rated the exercises as good/practical 

(57%). With respect to ‘benefit’, 13 patients (35%) reported that they considered the exercises 

‘very beneficial or ‘quite beneficial’. Six (16%) patients found them ‘not very beneficial’, and of 

the remaining 18 patients (49%), 16 (43%) were not sure if the exercises really helped them, and 

only 2 patients (5%) found the exercises ‘not at all beneficial’.   

disCussion

Overall, at one-year posttreatment only limited functional problems (except for xerostomia) were 

found in this prospective CCrT trial with respect to swallowing and mouth opening. Compared 

to the 10-weeks post CCrT results, swallowing function, maximum interincisor mouth opening, 

body weight, and body mass index increased but did not reached baseline measurements. 

Despite the burdensome of CCrT, the feasibility and compliance of this preventive exercise 

program was good.

The primary goal of this rCT was to assess the effects of preventive exercise programs on these 

parameters. for that reason, patients were randomized into two groups: one receiving standard 

intervention (Standard group), and another one that applied stretch and strength exercises 

using on the TheraBite Jaw Motion rehabilitation System (Experimental group). Although there 
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was a trend towards less trismus and less number of days that patients practiced in total in the 

experimental arm, no significant differences between the two exercise programs were found, 

and both exercise arms showed similar functional outcomes at 1-year posttreatment. 

Since the experimental arm did not show the expected advantage of 8 mm larger mouth opening 

over the standard arm, the working hypothesis has to be rejected and the null hypothesis (no 

difference between the two exercise arms) remains intact. Comparing the 1-year results with 

the baseline results we did not find an improvement (as hypothesized), but an overall decrease 

in maximum mouth opening. This may possibly be ascribed solely to the chemoradiation 

treatment, because in comparison to the 10-weeks posttreatment results, the 1-year results 

do indeed provide a little improvement in mouth opening, though here again, the expected 

advantage in the experimental arm was not achieved. In order to prove that the much smaller 

difference in maximum mouth opening would have been significant, obviously a considerably 

larger sample size would have been required, which was not feasible. Nevertheless, it seems 

justified that the data of both exercise groups can be pooled for further comparisons in order 

to assess a possible positive effect of the preventive exercise programs. These pooled results 

are compared to results of a historical patient group, who did not receive structured preventive 

swallowing exercises, i.e. the preceding CCrT randomized controlled trial (rCT) from our 

Institute. 

The preceding historical CCrT trial from our Institute concerned a rCT comparing intra-arterial 

(IA) with standard intravenous (IV) chemoradiation in advanced functional and anatomical 

inoperable head and neck cancer [21]. In the IV arm of this study, which is fully comparable to 

the present study in design and support, except for the swallowing intervention, 53 of the 66 

patients (80%) were treated at our Institute. The remaining 13 patients (20%) were treated in 1 

of the other 3 hospitals participating in this trial. At 1-year, 13 of the 53 patients (25%) that were 

treated at our Institute were still tube dependent after CCrT [20]. This is considerably better 

in the present preventive exercise study, in which only one patient had a feeding tube (again).

In this rCT study a significant association between the occurrence of trismus 1-year 

posttreatment and the mean maximum mouth opening pretreatment was found. Therefore, 

it seems relevant to include baseline mouth opening measurements in patients who receive 

CCrT. Unfortunately, no comparison can be made with the above-mentioned historical control 

group from the preceding CCrT study, because no data is available on mouth opening, and 

studies analyzing the occurrence of trismus before and/or after CCrT are scarce. One study 

by Huges et al. [34], analyzed patients with nasopharyngeal tumors treated with radiotherapy 

only. Their results were comparable with the results found in the present study, even though 

patients in our CrT also received concomitant chemotherapy, which tends to worsen functional 

outcomes. We therefore postulate that the percentage of posttreatment trismus in our study will 
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be lower compared with other CCrT groups. It would be advisable to focus more on trismus in 

future rCTs. Not only to corroborate whether pretreatment mouth opening exercises minimize 

the occurrence of trismus, but also to investigate if mouth-opening measurements can serve as 

a prognostic tool. In view of results in the present study, it could be hypothesized that patients 

with a maximum interincisor mouth opening of the mouth approaching 35 mm (cut-off for 

trismus) would have benefited more from a jaw-mobilizing device like TheraBite. However, only 

3 patients in the study had trismus at one-year, prohibiting any firm conclusions.

Nowadays, there is no consensus on using a prophylactic feeding tube. In a study by Chen 

et al. [35] a prophylactic feeding tube placement in patients treated with CCrT for advanced 

head and neck carcinoma was effective in preventing acute weight loss and the need for 

intravenous hydration. However, in our study no prophylactic feeding tube was put in place and 

the percentages of acute weight loss after treatment (approximately 10-weeks) in our patients 

who did not need a feeding tube (mean -6 kg, or -7%; N=10) were in the same range as the 

patients receiving prophylactic feeding tube in Chen et al. [35] (mean -5% after 3 months; no 

exact weight figures given). This suggests that even without prophylactic tube feeding patients 

are able to maintain oral intake and keep their weight loss acceptable; although the role of 

preventive swallowing exercises might well have been decisive. 

furthermore, in the study by Chen et al. [35], the proportion of tube-dependent patients, 6- and 

12-months posttreatment, was significantly higher (41% and 21%), compared with those without 

a prophylactic tube feeding (8% and 0%) [35]. These authors’ explanation was that patients tube 

feeding made the patients ‘lazy’. This suggests that the roll of the speech therapist is crucial. 

Not only to monitor the patients’ swallow and mouth opening function before, during and after 

treatment, but also to avoid unnecessary use of a feeding tube.

The results of the present study suggest that preventively training the oropharyngeal 

musculature (with standard exercises or with use of the TheraBite device) results in a reduction 

of the problems caused by CCrT, when compared with a similar historical subgroup of patients 

from the preceding CCrT trial at our Institute on advanced head and neck cancer patients. 

The only two (retrospective) studies, to our knowledge, that also included preventive exercises, 

seem to confirm this point of view (with the critical remark that both studies seem to rely on the 

same patient database, so it might effectively be only one study) [17;18]. Considering our results 

and the results of Kulbersh et al. [18], the idea emerges that there might be a limited ‘window of 

opportunity’, which has to be exploited in order to achieve optimal functional results. The crucial 

period to initiate exercises seems to be prior to treatment when swallowing function is still (more 

or less) intact and then to continue during treatment, instead of waiting until after the treatment 

when rT- and atrophy-related muscle damage has occurred.
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limitations of the study
The absence of a control group (without preventive exercises) can be considered a weakness 

of this study as mentioned before, and as discussed in a previous paper describing the early-

results of this rCT [19]. We have to accept though that this could not be avoided because 

withholding preventive rehabilitation was no longer considered ethically justifiable according to 

the guidelines of the Dutch Head and Neck Cooperative Group [15]. 

ConClusion

This randomized controlled trial did not find significant differences between the two preventive 

exercise arms on the long-term. However, from our overall results, which we compared to a 

historical control group from the preceding CCrT trial at our institute, it may be concluded that 

preventive swallowing exercise programs are beneficial and seem to limit functional problems 

after CCrT for advanced head and neck cancer.
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