
140  |  	﻿�  J Oral Rehabil. 2019;46:140–150.wileyonlinelibrary.com/journal/joor

 

Received: 13 March 2018  |  Revised: 3 September 2018  |  Accepted: 7 October 2018

DOI: 10.1111/joor.12734

O R I G I N A L  A R T I C L E

The association between a mixing ability test and patient 
reported chewing ability in patients treated for oral 
malignancies

Reilly J. de Groot1  | Antoine J. W. P. Rosenberg1 | Andries van der Bilt1 |  
Daniel Aalto2,3 | Matthias A. W. Merkx4 | Caroline M. Speksnijder1,4,5,6

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2018 The Authors. Journal of Oral Rehabilitation Published by John Wiley & Sons Ltd

1Department of Oral and Maxillofacial 
Surgery and Special Dental Care, University 
Medical Center Utrecht, University Utrecht, 
Utrecht, The Netherlands
2Faculty of Rehabilitation 
Medicine, Department of Communication 
Sciences and Disorders, University of 
Alberta, Edmonton, Alberta, Canada
3Institute for Reconstructive Sciences in 
Medicine, Misericordia Community Hospital, 
Edmonton, Alberta, Canada
4Department of Oral and Maxillofacial 
Surgery, Radboud University Medical 
Center, Nijmegen, The Netherlands
5Julius Center Sciences, University Medical 
Center Utrecht, University Utrecht, Utrecht, 

The Netherlands
6Department of Head and Neck Surgical 
Oncology, University Medical Center 
Utrecht Cancer Center, University Utrecht, 
Utrecht, The Netherlands

Correspondence
Caroline M. Speksnijder, Department of Oral 
and Maxillofacial Surgery and Special Dental 
Care, University Medical Center Utrecht, 
Utrecht, The Netherlands.
Email: c.m.speksnijder@umcutrecht.nl

Summary
Introduction: Mastication has been assessed in several ways in the past. Both pa-
tients reported and objective assessment methods have been developed. The 
University Medical Center (UMC) Utrecht has developed a mixing ability test (MAT) 
using a two-coloured wax tablet. The present study investigates the association be-
tween the mixing ability test and a chewing related questionnaire in patients treated 
for oral malignancies.
Patients and methods: In a cohort study, patients treated for oral malignancies were 
assessed 4-6 weeks before and 4-6 weeks after treatment, as well as 6 months, 
1 year and 5 years after treatment. The mixing ability test was assessed using 10 and 
20 chewing strokes and was compared to seven questions about several aspects of 
mastication. Regression analysis was performed and density plots were drawn for 
statistical analysis.
Results: One hundred and twenty-three patients were included in this study. The 
questionnaire was less predictive for the 10-chewing stroke test and the test was 
less discriminatory for different food types than the 20-chewing stroke mixing ability 
test. Three questions about the ability to chew solid, soft and thickened liquid food 
types were found to be significantly predictive for the 20-chewing stroke test. 
Threshold values on the mixing ability index were around 20 for the ability to chew 
solid food types and 24 for soft food types.
Conclusion: The 10-chewing stroke mixing ability test is less suitable than 20-chewing 
strokes for patients with and treated for oral cancer. The 20-chewing stroke mixing 
ability test has a fair association with self-reported outcomes.

K E Y W O R D S

head and neck cancer, masticatory performance, mixing ability, objective assessment, oral 
function, oral oncology, patient-reported outcome

www.wileyonlinelibrary.com/journal/joor
http://orcid.org/0000-0003-4837-4389
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:c.m.speksnijder@umcutrecht.nl


     |  141de GROOT et al.

1  | INTRODUC TION

Mastication, or chewing, comprises the process in which food is 
reduced in size and is formed into a bolus, ready for swallowing 
(deglutition). Chewing is a complex voluntary movement and it in-
volves the infrahyoidal, suprahyoidal, facial, tongue, floor of the 
mouth, palatal and temporomandibular musculature. The anatomy, 
and thus the chewing efficacy deteriorates in patients treated for 
oral cancer.1 Masticatory performance has a profound impact on 
the Quality of Life (QoL) in patients treated for oral cancer.2,3 The 
objective and subjective efficacy of the mastication process is 
referred to as masticatory performance and masticatory ability, 
respectively.4

Subjective testing of oral functioning has been performed 
with several questionnaires, eg the Oral Health Impact Profile-14 
(OHIP-14),5 the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire 30 and Head 
& Neck Module 35 (EORTC-QLQ30 and H&N35).6 Subjective 
testing also takes psychological and adaptational factors into ac-
count, which can be an advantage over objective outcomes, be-
cause it reflects a patients’ expectations and personal importance 
of masticatory performance for daily life satisfaction.7 Objective 
masticatory performance has been tested in several ways, and is 
able to detect smaller improvements, eg in evaluating the results 
of rehabilitation.8 For objective assessment, the degree of break-
down of chewed test foods, such as (pea)nuts,9,10 corn chips,11 
crackers12 and Optosil blocks 13-15 has been determined by siev-
ing methods. Also, adenosine triphosphate (ATP)-releasing gums 
have been used and tested in healthy subjects and oral cancer 
patients.16

Some of the patients after treatment for oral and oropharyngeal 
malignancies may not be able to complete some of the described 
masticatory performance tests, because the bite force needed to 
break down the test food particle is too high.13 Mixing ability tests 
(MATs) using paraffin wax tablets17 or colour changing chewing 
gum18,19 are described and seem more appropriate for this patient 
group.20

Therefore, the University Medical Center in Utrecht a mixing 
ability test has been developed. It comprises a two-coloured (red/
blue) soft wax tablet which is analysed digitally after chewing.1 
The outcome variable is called the “Mixing ability index”, or MAI. 
It ranges from 0 to 30, in which 30 is the worst possible outcome.

Since the development of the test, experience has been gained 
in its use.8,21-26 As it appears, the test is suitable for use in pa-
tients with compromised mastication, such as patients treated 
for oral malignancies.20 However, to date, it is unclear how pa-
tient-reported chewing ability (ie to chew solid or soft food types) 
relates to MAI scores. This is of utmost importance for a better 
understanding of the dietary implications of the mixing ability test 
(MAT).

The longitudinal results of the MAI in this cohort have been pre-
viously studied.27 This study focuses only on the relationship be-
tween the MAI and self-reported chewing ability. Thus, the primary 

aim of this study was to relate the index scores of the MAT to out-
comes of chewing related items from a head and neck oncology 
questionnaire. This is done in order to search MAI cut-off values for 
the ability to chew solid and soft food consistencies, and thus the 
dietary implications of the MAI scores. The secondary aim was to 
analyse the predictive value of a subset of questionnaire items on 
the outcomes of the mixing ability test in oral oncological patients. 
Finally, this study evaluates whether 10- and 20-chewing strokes of 
mixing ability testing perform equally well for both the above de-
scribed primary and secondary aim.

2  | MATERIAL S AND METHODS

2.1 | Subjects

In this multicentre study, the patient population consists of patients 
with a primary malignant tumour involving the oral cavity referred 
to the University Medical Center Utrecht (UMCU) and Radboud 
University Medical Center (Radboudumc), from January 2007 
through August 2009. Patients were included if they had a tumour 
involving the oral cavity, were treated with a curative intent, were 
able to understand Dutch, and were able to perform the mixing abil-
ity test.28 The experimental protocol was approved by the Ethics 
Committees of the UMCU and Radboudumc. All patients received 
written information and signed informed consent.

2.2 | Assessments

Data was collected in a prospective cohort study,27 subjects were as-
sessed prior to primary oral oncology treatment (t0), 4-6 weeks after 
primary treatment and/or radiotherapy (respectively t1a and t1b), 
6 months (t2), 12 months (t3) and 5 years (t5) after primary treatment.

2.3 | Masticatory ability

For analysis of masticatory ability, patients completed seven chew-
ing ability questions related to masticatory function. Respectively, 
patients were asked: (1). Have you had trouble eating solid food 
(eg carrots, peanuts or meat)?; (2) Have you had trouble eating soft 
food (eg cookies, bread or pasta)?; (3) Have you had trouble eating 
liquid food (eg custard or apple sauce)?; (4). Have you had trouble 
chewing?; (5) Have you had pain while chewing?; (6) Was your chew-
ing ability an obstacle in your social life? and (7) Was your chewing 
ability an obstacle in your choice of food? For each question, there 
were four possible answers on an ordinal scale (respectively “Never,” 
“Sometimes,” “Often” and “Always”).

2.4 | Masticatory performance

The mixing ability test (MAT) was used to measure masticatory 
performance.8 The test measures how well a subject mixes a two-
coloured wax tablet by chewing on it. The tablet has a diameter of 
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20 mm and consists of two 3 mm layers of red and blue wax. The 
wax is a soft material (Plasticine modelling wax, non-toxic DIN EN-
71) that forms a compact bolus during chewing and was offered at 
room temperature (20°C). After being chewed, the wax is flattened 
between foil to a thickness of 2.0 mm to avoid shadows in the image 
by the oblique illumination of the scanner’s lamp. The flattened wax 
is then photographed on both sides using a high-quality scanner 
(Epson V750, Long Beach, California). The images of the wax are 
analysed and processed using a commercially available programme 
for image analysis (Adobe Photoshop CS3, San Jose, California). 
Chewing mixes the two colours and intermediate colour intensities 
appear. Thus, the spreads of the intensities for red and blue de-
crease. The outcome parameter is the Mixing Ability Index (MAI). 
The tablet is chewed for either 10- or 20-chewing strokes (respec-
tively MAI-10 and MAI-20). A lower score implies a better mixed tab-
let, hence better masticatory performance. The range of MAI is from 
0 to 30. Naturally, it is expected that the MAI-10 will have higher 
(thus worse) scores than the MAI-20, which in groups with impaired 
chewing performance might lead to reduced sensitivity through a 
ceiling effect, or enhance the differences if the scores remain below 
the maximum value even after 20 strokes.25

2.5 | Other functional assessments

The full description of the functional assessments has been pub-
lished previously.27,28 Briefly, the maximum bite force was measured 
using a strain gauge, mounted on a mouthpiece. The device was 
placed between the first molars and the subject was asked to bite 
as firmly as possible. This was repeated twice on each side and the 
mean of the highest value from the left and right side was presented 
as maximum bite force.

Maximum mouth opening was measured using an extra oral pro-
tocol. Placement of a sticker on the subjects’ nose and chin ensured 
a reference point. The subject was measured twice in a resting po-
sition, with closed lips and molars not in occlusion and twice when 
fully opened. The mean of the two resting positions was subtracted 
from the highest open value and presented as maximum mouth 
opening.

2.6 | Statistics

Statistically, data were treated as being cross-sectional. Differences 
in baseline demographics were analysed with a one-way ANOVA 
for continuous variables and with a Chi-square test for categorical 
variables. For the analysis of the reported ability to eat food consist-
encies, the outcomes of these three questions were dichotomized 
to be able to interpret the results in the following way: “Never” 
and “Sometimes” were converted into “Unlikely” and “Often” and 
“Always” were converted into “Likely” to report trouble with a cer-
tain food consistency. The dichotomization was done in order to be 
able to divide the participants according to their reported chew-
ing ability in as few clinically meaningful groups as possible to re-
duce the amount of comparisons between the groups in chewing 

performance. The disadvantage of the dichotomization is that the 
grouping is based on the responses less directly than using each re-
sponse category separately. For analysis of the ranges of MAI as-
sociated with food consistencies, three groups were formed based 
on the combination of answers on the question about the ability to 
eat solid and soft food. The group “solid and soft” (SaS) reported 
“unlikely” to have any problems with neither solid nor soft foods. The 
“only soft” (oS) group reported “likely” to have problems with solid 
food, but “unlikely” to have problems with other food consistencies. 
The “neither solid nor soft” (SnS) group reported “likely” to have 
problems with both solid and soft foods. The differences in mean 
MAI scores between these groups were analysed using an independ-
ent t test.

Histograms and density lines were created to visualise the distri-
bution of MAI-10 and MAI-20 scores. Threshold values were derived 
from the density plots as intersection from the different lines. The 
ability of these threshold values of the MAI-10 and MAI-20 to clas-
sify the patients into different chewing ability groups was evaluated 
using a confusion matrix.

Two stepwise linear regression analyses with the MAI-10 and 
MAI-20 as dependent variables were performed. The original ordi-
nal outcomes (ie “never,” “sometimes,” “often,” “always”) of the seven 
questions, as well as the variable “assessment moment” were added 
as independent factors to take the multiple assessments into account. 
These were removed in a backwards fashion if P > 0.05, until the 
model only contained factors with a significant effect on the model fit.

Tests with a P-value less than 0.05 were considered to be sta-
tistically significant, but because of multiple comparisons (seven 
in total) the Bonferroni adjusted P-value was set to 0.007. All tests 
were performed using SPSS 25 (IBM Corp. Armonk, NY, USA) and 
R statistics 3.4.2 (R Foundation for Statistical Computing, Vienna, 
Austria).

3  | RESULTS

At baseline, 123 patients were included, of which 99 had completed 
the mixing ability tests before oral oncological intervention. Fifty-
three per cent of the included subjects were male. Demographic 
data of the included patients are presented in Table 1.

The number of patients available per assessment moment varied 
per question and assessment moment. When adding up all assess-
ment moments, between 320 and 327 samples were available for 
analysis for each question (Table 2).

3.1 | Masticatory performance vs food 
consistencies

The boxplots, and comparisons between the different food consist-
ency groups of MAI-10 and MAI-20 are presented respectively in 
Figures 1 and 2. For the MAI-10, SaS and oS are significantly dif-
ferent from each other (SaS-oS: P = 0.001; oS-SnS: P = 0.113) and 
for MAI-20, all groups are significantly different from each other 
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(SaS-oS: P = 0.020; oS-SnS: P = 0.006). In Figures 3A-D and 4A-D, 
the histograms and density plot of respectively MAI-10 and MAI-20 
are displayed, showing only one intersection at 25.5 for MAI-10 and 
intersections on 19.8 and 23.9 for MAI-20.

On the MAI-10, 72% of the subjects scoring 25 or less reported 
to be in the SaS-group. Of the MAI-20, 51% of the subjects scor-
ing below 20 reported to be in the SaS-group. Most subjects (41%) 
who scored between 20 and below 24 on the MAI-20 reported to 
be in the oS-group, while the MAI-10 was not able to determine a 

difference for this group. On the MAI-10, 76% of the subjects who 
scored above 25 and on the MAI-20, 60% of the subjects who scored 
above 24 reported to be in the SnS-group (Tables 3 and 4).

3.2 | Regression analysis

In the regression analysis on the predictive value of the seven ques-
tions and factor time for the MAI-10, only one question out of seven 
questions, namely “Have you had trouble eating solid food?” and the 

Characteristic Location of primary tumour

Categorical variables Maxilla (n = 30) Mandible (n = 48) TFM (n = 45) P-value

Gender

Male 16 (53) 23 (53) 15 (33) 0.179

Female 14 (47) 25 (47) 30 (67)

Tumour size (pT/cT)

T1 5 (17) 14 (29) 23 (51) 0.006

T2 11 (37) 13 (27) 14 (31)

T3 1 (3) 3 (6) 4 (9)

T4 13 (43) 18 (38) 4 (9)

Dental status

ED 6 (21) 16 (30) 6 (11) 0.212

FD 10 (29) 9 (17) 16 (29)

FD+FDI 0 (0) 2 (4) 5 (9)

FD+D 4 (12) 8 (15) 3 (5)

FDI+FDI 0 (0) 0 (0) 0 (0)

FDI+D 1 (3) 0 (0) 0 (0)

D 12 (35) 19 (35) 25 (45)

Treatment

Surgery 12 (40) 24 (50) 23 (51) 0.600

Surgery & 
Radiotherapy

18 (60) 24 (50) 22 (49)

Obturator prosthesis

Yes 20 (59) 0 (0) 0 (0) 0.003

No 14 (41) 54 (100) 55 (100)

Surgical defect management

Primary closure 17 (57) 16 (33) 23 (51) 0.000

Local flap 1 (3) 2 (4) 1 (2)

Myocutaneous or 
free flap

12 (40) 12 (25) 19 (42)

Bone graft/flap 0 (0) 18 (38) 2 (4)

Continuous variables

Mean age, years (SD) 68.7 (12.3) 66.7 (12.7) 61.4 (13.1) 0.033

No. of occlusal units 2.4 (4.1) 2.3 (3.9) 3.8 (5.1) 0.230

MMO [mm] (SD) 52.9 (11.8) 46.6 (11.4) 56.0 (8.9) 0.000

MBF [N] (SD) 223.8 (232.5) 256.5 (329.8) 376.7 (343.7) 0.075

D, dentate; ED, edentulous; FD, full dentures; FDI, implant supported full denture; MBF, maximum 
bite force; MMO, maximum mouth opening; SD, standard deviation; TFM, tongue and/or floor of the 
mouth.

TABLE  1 Demographic data of 
included patients
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assessment moment were found to be significant factors in the vari-
ance of the MAI and these explain 46.2% of the total variance.

For the MAI-20, two questions, namely “Have you had trouble 
eating solid food?” and “Have you had trouble eating liquid food?” 
were significant factors for the MAI-20 and account for 39.6% of the 
total variance (Table 5).

4  | DISCUSSION

In this cross-sectional study, an effort has been made to relate the 
outcomes of the MAI-10 and MAI-20 to patient-reported (chewing 

ability) data. According to present study, most patients with a MAI 
below 20 are unlikely to experience any problems with their diet. 
Between 20 and 24, most patients are likely to experience difficul-
ties chewing solid foods. Most patients scoring 24 and above are 
likely to experience difficulties chewing both solid and soft food 
consistencies.

The questions about the ability to eat solid and liquid food con-
sistency and the assessment moment significantly affect the out-
come of the MAI obtained after 20-chewing strokes.

For both the association with food consistency questions as well 
as the predictability by questionnaires, the MAI-20 was more use-
ful. The MAI-10 only seems able to determine a difference in being 

t0 t1a t1b t2 t3 t5 Total

Missing samples

Unable to perform 
test

24 59 37 53 42 6 221

Cumulative number 
of patients 
stopped 
participating

0 7 5 10 19 24 24

Cumulative number 
of patients 
deceased

0 2 4 8 13 29 29

Questions

1. Have you had 
trouble eating 
solid food (eg 
carrots, peanuts or 
meat)?

98 (1) 49 (2) 13 (4) 49 (2) 48 (1) 63 (1) 320

2. Have you had 
trouble eating soft 
food (eg cookies, 
bread or pasta)?

98 (1) 51 14 (3) 49 (2) 48 (1) 63 (1) 323

3. Have you had 
trouble eating 
liquid food (eg 
custard or apple 
sauce)?

99 51 14 (3) 51 49 63 (1) 327

4. Have you had 
trouble chewing?

99 51 14 (3) 49 (2) 47 (2) 62 (2) 322

5. Have you had 
pain while 
chewing?

99 50 (1) 14 (3) 48 (3) 47 (2) 63 (1) 321

6. Was your 
chewing ability an 
obstacle in your 
social life?

99 51 13 (4) 50 (1) 48 (2) 61 (3) 322

7. Was your 
chewing ability an 
obstacle in your 
choice of food?

99 51 14 (3) 49 (2) 48 (1) 60 (4) 321

t0: 4-6 wk before treatment; t1a: 4-6 wk after surgery; t1b: 4-6 wk after radiotherapy; t2: 6 mo after 
treatment; t3: 1 y after treatment; t5: 5 y after treatment. The number between parentheses repre-
sents the number of patients who completed the mixing ability test but did not answer that 
question.

TABLE  2 Details on number of samples 
per question and assessment moment
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able to chew all food types and having trouble with both solid and 
soft food types. The reasons might be that current study population 
of patients treated for oral cancer has such poor oral functioning, 
that they need more chewing strokes to achieve a certain degree of 
mixing. Even in healthy subjects the 20-chewing stroke test is more 
capable of determining differences of masticatory performance.8

4.1 | Comparison to existing literature

Efforts have been made to find an association between question-
naire outcome measures and objective masticatory performance. 
The association between the ability to masticate test foods until 
fit for swallowing and the outcome of a chewing gum mixing abil-
ity test has been studied before and cut-off values with sensitivity/
specificity values were described for different food consistencies.29 
In another study, a correlation with ageing is seen for both masti-
catory performance using a sieving method and masticatory ability 
using a questionnaire mastication in full denture wearers.30 One 

study found a correlation between a chewing gum type mixing abil-
ity test and Japanese 35-item questionnaire regarding food types in 
patients with glossectomy and marginal mandibulectomy.31 Another 
Japanese study on complete denture wearers showed a correlation 
between the chewing gum test and food questionnaire.32 A previous 
study on the association between food type related questionnaires 
and objective masticatory performance could not be found.

4.2 | Strengths and limitations

The strength of present study is the number of analysed samples 
in such a specific patient group. However, this heterogenic patient 
population has its limitations regarding generalisation of the results. 
Results can therefore only be interpreted in oral cancer patients. In 
fact, especially the 20-chewing stroke MAT is less suitable to use in 
younger, healthy subjects.20 Meticulous statistical analysis included 
usage of the Bonferroni correction due to multiple comparisons.33 
However, this correction is often considered to be conservative, 

F IGURE  1 The outcome of the three 
food consistency groups when performing 
the MAI-10. *P < 0.05; **P < 0.01; 
***P < 0.001. °: Outlier. SaS: reported 
‘Unlikely’ to have problems with solid or 
soft food types; oS: only ‘Likely’ to have 
problems with solid food types; Neither 
SnS: reported ‘Likely’ to have problems 
with both solid and soft food types

F IGURE  2 The outcome of the three food consistency groups when performing the MAI-20. *P < 0.05; **P < 0.01; ***P < 0.001. °: 
Outlier. SaS: reported ‘Unlikely’ to have problems with solid or soft food types; oS: only ‘Likely’ to have problems with solid food types; 
Neither SnS: reported ‘Likely’ to have problems with both solid and soft food types
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because the adjusted P-value of 0.007 renders the probability of a 
significant finding just by chance to 1-(1-0.007)7 = 4.8%. Usually, an 
alpha of 5% is accepted in scientific literature. Without this correc-
tion, the results of the regression analysis would have been more 
favourable towards the 20-chewing stroke MAT. Current data shows 
that there is a relationship between objective (mechanical) chewing 
performance and patient-reported chewing ability. Consequently, 
the chewing performance test is a meaningful measure to describe 
chewing ability. Conversely, patient-reported outcomes relate to 

mechanical chewing measures highlighting the importance of op-
timising oral function in oral rehabilitation. Hence, the results can 
be seen as mutually validating the two approaches. While ques-
tionnaires can be affected by multiple different subjective factors, 
eg psychological state,7 objective testing offers a complemen-
tary measure that has the potential of accurately detecting small 
improvements.

The mixing ability test is faster to administer than other objec-
tive chewing tests commonly used. Optosil blocks are often chewed 

F IGURE  3 Histograms of the ‘SaS’ (A), ‘oS’ (B) and ‘SnS’ (C) groups and combined density lines (D) for the 10-chewing stroke Mixing 
Ability Test. The ‘SaS’ group was unlikely to report any problems with chewing any food consistency. The ‘oS’ group was likely to report 
problems chewing solid foods and the ‘SnS’ group was likely to report problems with both solid and soft food consistencies. The solid line 
represents the ‘SaS’ group, the dashed line represents the ‘oS’ group and the dotted line represents the ‘SnS’ group. The vertical line through 
the intersection of the lines is at MAI = 25.5



     |  147de GROOT et al.

60 times34) Less human error can be expected in analyzing the wax 
tablets, as this is done digitally by specialised software. Other au-
thors are developing digital methods for analyzing sieving methods 
as well.35 A disadvantage of this mixing ability test is that there is a 
“floor-effect” when patients are not able to chew the wax tablet at 
all. They were assigned the worst possible outcome (MAI = 30) and 
therefore excluded from this study. This reflects a patients’ inability 
to chew in general, however, experience shows that these patients 
can develop skills to consume softer foods anyway. The presence of 

a significant predictive value of the ability to consume liquids makes 
less sense as this probably relates more to the tongue mobility and 
swallowing ability than to masticatory performance.36 Finally, the 
masticatory performance is also influenced by taste, as a study re-
ported a decrease of chewing efficiency when the concentration of 
bitter tasting quinine was increased.37 The currently used questions 
did not explore the taste sensitivity, a possible confounding variable 
in the experiment. In addition, the participants were not asked about 
the taste of the wax tablet.

F IGURE  4 Histograms of the ‘SaS’ (A), ‘oS’ (B) and ‘SnS’ (C) groups and combined density lines (D) for the 20-chewing stroke Mixing 
Ability Test. The ‘SaS’ group was unlikely to report any problems with chewing any food consistency. The ‘oS’ group was likely to report 
problems chewing solid foods and the ‘SnS’ group was likely to report problems with both solid and soft food consistencies. The solid 
line represents the ‘SaS’ group, the dashed line represents the ‘oS’ group and the dotted line represents the ‘SnS’ group. The vertical lines 
through the intersections are at MAI = 19.8 and MAI = 23.9
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4.3 | Future research

The outcomes of this study give insight in the abilities of patients 
with a certain MAI, but this should be interpreted with caution and 

more research is necessary to underline the association of the re-
ported ability to consume food consistencies and the range of MAI. 
However, it could be useful to compare the outcome of the MAI to 
more extensive and validated food consistency questionnaires to 

Expected/answered 
MAI

Solid and soft 
N (%)

Only soft 
N (%)

Neither solid nor 
soft 
N (%)

≤25 160 (72.4%) 27 (46.6%) 11 (23.4%)

>25 61 (27.6%) 31 (53.4%) 36 (76.6%)

Total 100% 100% 100%

MAI, Mixing Ability Index; Soft and solid: reported “Unlikely” to have problems with solid or soft 
food types; Only soft: only “Likely” to have problems with solid food types; Neither solid nor soft: 
reported “Likely” to have problems with both solid and soft food types.
The italic values represent the proportion of subjects of whom the reported chewing ability and 
chewing performance corresponded with the found thresholds for the MAI (true positives).

TABLE  3 Confusion matrix of the 
10-chewing stroke Mixing Ability Test and 
found food consistency thresholds

Expected/answered 
MAI range

Solid and soft 
N (%)

Only soft 
N (%)

Neither solid nor 
soft 
N (%)

<20 113 (51.5%) 16 (29.6%) 7 (15.6%)

20 ≤  MAI <24 78 (35.5%) 22 (40.8%) 11 (24.4%)

24≤ 29 (13.1%) 16 (29.6%) 27 (60.0%)

Total 220 54 45

MAI, Mixing Ability Index; Soft and solid: reported “Unlikely” to have problems with solid or soft 
food types; Only soft: only “Likely” to have problems with solid food types; Neither solid nor soft: 
reported “Likely” to have problems with both solid and soft food types.
The italic values represent the proportion of subjects of whom the reported chewing ability and 
chewing performance corresponded with the found thresholds for the MAI (true positives).

TABLE  4 Confusion matrix of the 
20-chewing stroke MAT and found food 
consistency thresholds

TABLE  5 Results of the linear regression analysis with the Mixing Ability Index with 10- and 20-chewing strokes as dependent variable

Linear regression
Significant 
factors Β SE sig. R R2 SE Est sig.

MAI-10 Constant 24.883 0.386 0.000 0.462 0.213 3.220 0.000

Assessment 
moment

−0.467 0.094 0.000

Trouble solid 
food

1.068 0.170 0.000

MAI-20 Constant 20.339 0.267 0.000 0.396 0.157 3.838 0.000

Assessment 
moment

−0.259 0.112 0.022

Trouble solid 
food

1.969 0.544 0.000

Trouble liquid 
food

2.724 0.932 0.008

The dichotomized questions as well as the variable “assessment moment” were added as independent variables and non-significant variables were re-
moved in a backwards fashion if P > 0.05. MAI, Mixing ability Index; SE, Standard Error. In the MAI-10 regression, removed factors were: trouble eating 
soft food; trouble eating liquid food; trouble chewing; pain chewing, impact on social life and impact on food choice.
In the MAI-20 regression, removed factors were: trouble eating soft food, trouble chewing; pain chewing, impact on social life and impact on food 
choice.
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further elaborate these findings. Eventually, this test has the po-
tential to be used clinically for dietary advices to patients after oral 
oncological treatment. It could also act as an instrument to assess 
the need for improvement of masticatory performance, known to 
be an important aspect in health-related quality of life.38 Performing 
the same study in different study populations is necessary to give 
insight in potential generalisability of, or differences in the cut-off 
values. Finally, the reliability of the test needs to be evaluated by 
test-retesting.

5  | CONCLUSION

Enquiring a patients’ ability to chew solid foods has the most predic-
tive value on the mixing ability index, and is easily done in a clini-
cal setting. Ten chewing strokes tests in this patient group are less 
discriminatory and less predictive than 20-chewing stroke tests. 
Therefore, in future studies, 20-chewing strokes should be used in 
this patient group. Threshold values of MAI above which a difficulty 
to chew solid food types is to be expected in an oral cancer patient 
group is 20, and for soft food types an MAI of 24. However, the 
interpretation of these results must be done carefully as the evalua-
tion has been done in this patient group only.
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