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Summary Backgrounds and Aims: The ability to evaluate masticatory function in
people with neurological disabilities is important as this function is often
compromised in these groups. However, current standard techniques are often
impossible in such groups due to cognitive difficulties. This study is a validation of
several variables read from standardised video recordings of mastication as
indicators of masticatory function.

Methods: Fifteen healthy, fully dentate male subjects were recorded using EMG
and by video simultaneously. An evaluation was undertaken of the video parameters
(i) to compare their validity against the electromyographic parameters, (ii) to test
intra-rater and inter-rater reliability and (iii) to test the ability to discriminate
between four model foods differing in hardness.

Results: Masticatory time and the number of masticatory cycles counted on video
were found to be valid and reliable indicators. In addition, the number of active
chewing cycles performed with an open mouth and identification of the chewing
side, were found to have reasonable validity and reliability. The former may allow
discrimination between food types.

Conclusion: As an alternative to the complex evaluation of masticatory function,
observation of certain parameters from video recording could be an alternative for
use in uncooperative patients.
& 2004 Elsevier Ltd. All rights reserved.
Elsevier Ltd. All rights reserved.

3 17 73 27; fax: +33 4 73 17 73 09.
@u-clermont1.fr (M. Hennequin).
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Introduction

Masticatory function has been extensively evalu-
ated using different methods developed with either
clinical or fundamental physiological goals in mind.
The physiological concerns imply the use of
sophisticated techniques such as bite force mea-
surement, electromyography, kinematics using
magnetic fields or infra-red video recordings. Most
of these methods need expensive equipment and
specially qualified personnel, and are difficult to
carry out in clinical studies or in clinical practice.
Furthermore, they are inappropriate for those
people whose cognitive status (e.g. those with
Down syndrome, cerebral palsy, etc.) or anatomical
status (e.g. post-trauma or post-cancer surgery
patients) does not permit the use of such evalua-
tions or makes them extremely difficult. This is
unfortunate, as these groups have a great need for
the assessment and treatment of their masticatory
function by clinicians. Clinical indicators of masti-
catory function can be considered under three
groups: (i) Methods based on anatomic criteria such
as number of teeth, number of functional pairs of
teeth, or number of occlusal contacts.1–3 These
methods are easily accessible for clinicians, but
they are dentally focused, are only anatomical
indicators of a functional construct and ignore the
role of the other organs and systems involved in
mastication, such as salivary glands, jaw and
tongue muscles and neurological control. (ii)
Methods of self-assessment of masticatory function
by means of scales and questionnaires.4–8 Although
this method permits large samples, it gives very
different results to a clinician’s evaluation,9 as the
clinician and the subject/patient evaluate differ-
ent things. (iii) Methods based on the analysis of
retrieved and sieved expectorated foods after
mastication.2,5,6,10,11 These methods approach the
natural conditions of bolus preparation, involving
all the organs implicated in mastication, but
masticatory function is probably incomplete be-
cause it is detached from deglutition. All these
methods are indicators of different aspects of this
complex function. The best overall evaluation of
masticatory function should include several differ-
ent types of complementary indicators.

A very large number of authors have proposed
many techniques, and controversy concerning the
reliability of particular methods are legion.12 For
clinicians interested in the consequences of either
dental conditions or dental treatment, a sensitive
and reliable test of mastication is needed which
can be used in a routine way. Counting one or two
indicators of mastication, such as the number
of cycles or the time of chewing directly during a
meal or on video recordings of a meal sequence
seems a reasonable and feasible clinical approach.
It has been used in children with and without
disabilities 13,14 and it could be useful for the all
groups for whom it is difficult to obtain assessment
of masticatory function using more complex phy-
siological-type evaluations. Despite its previous
use, however, video evaluation had never been
validated. With a view to the development of a
research program to investigate and treat mastica-
tory function in people with cognitive disabilities,
we therefore undertook the validation of a number
of indicators of masticatory function read from
video recordings. To achieve this goal, a two-stage
process was necessary: (i) to demonstrate the
validity of video evaluation compared to standard
techniques in healthy subjects; and then (ii) to
compare video evaluation in healthy and cogni-
tively impaired subjects. This was necessary be-
cause of the impossibility of using standard
techniques (e.g. EMG) for the vast majority of
people with cognitive disabilities, due to their
inability to co-operate. The first stage of validation
required a comparison of the test evaluation
technique (video evaluation) against EMG in
healthy individuals to demonstrate that, under
normal circumstances, video evaluation of certain
indicators of mastication is as valid as standard
evaluation of the same indicators. The second stage
of the validation process was to evaluate the
validity of video evaluation in people with cognitive
disabilities. This was done by comparing the results
of video evaluation in healthy people with results in
those with Down syndrome.15

This paper reports the results of the first stage
validation process. It aims to validate certain
indicators of the masticatory function of healthy
people measured using video recordings.
Materials and methods

Procedure

Fifteen healthy, fully dentate male subjects (aver-
age age 22.671.3years), were recorded using EMG
and by video simultaneously. Test foods were jellied
confectionery products presenting visco-elastic
behaviour, predominantly elastic. Four series of
products, differing in weight of gelatine to obtain a
scale of hardness (22.5, 25, 33 and 41.5 g for H1,
H2, H3 and H4, respectively), but identical in size
and shape, were prepared from four grades of
gelatine (Rousselot 100, 150, 200 and 250 blooms;
Degussa Texturant Systems, Baupte, France).
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Subjects were given three samples each of four
confectionery products of differing hardness (in-
creasing from H1 to H4) in a random order. Video
recordings were all taken with a full-face camera
view, placed at 1.2m from the subject. The frame
was delimited 10 cm beyond the shoulders and from
the top of the head of the subject. The muscular
activity was recorded during chewing by surface
EMG for both left and right masseter and temporal
muscles. The analysis of the EMG data, the dental
status of the subjects, the model foods and the
procedure for EMG recording have been published
previously.16 Description of the method of collec-
tion and analysis of the video data is described
here.
Data collection techniques

The video variables were collected independently
from 15 video recordings by two observers using a
stopwatch for those involving time, and a manual
counter for those involving a simple count. The
evaluation of each variable, except the chewing
side, implied an independent reading of each
videotape by each observer. The videotapes were
read in random order by each observer.

Variables collected by the means of the video
included masticatory time (MT—the number of
seconds between the moment food is placed in the
mouth and swallowing, identified by the immediate
swallow after the end of rhythmic rotary move-
ments), number of masticatory cycles (MC—num-
ber of masticatory actions during the MT period,
this includes all the rotary patterns, with and
without lip closure), number of open masticatory
cycles (OMC—number masticatory actions taken
with separated lips during the MT period), cleaning
time (CT—time between swallowing and comple-
tion of self-cleansing actions, identified by the end
of the mouth movements), number of cleaning
cycles (CC—number of movements of the mouth
after deglutition, including movements of the lips,
chin, tongue, mandible and swallowing) and chew-
ing side (CS), right or left. The lip separation was
determined when the teeth, the tongue or the food
was seen during a masticatory cycle. With respect
to the latter variable, research subjects involved in
the criterion validity and reliability aspects of the
study were asked to choose a side on which they
would chew for each recording and to keep chewing
on that side. Variables collected by means of EMG
included MT, MC, CT and CS (NB. to differentiate
between equivalent variables assessed by video and
EMG, variables are described with a ‘‘v’’ or ‘‘e’’
prefix demarcating video and EMG variables, e.g.
vMT, eCS). The mandibular movements recorded
during mastication were also simultaneously exam-
ined using kinematics.17 These results are not
analysed in this paper, but the kinematic criteria
(change in size and shape of the cycles) indicated
the end of the masticatory sequence on EMG
recordings.

Evaluation of criterion validity

This was evaluated through the comparison of vMT,
vMC, vCT and vCS with eMT, eMC, eCT and eCS
respectively for 15 subjects. Association between
vMT, vMC and vCT and their EMG equivalents were
evaluated through generation of Pearson correla-
tion coefficients. In addition, with the MT, MC and
CT variables, any difference between the video
variable means and their EMG equivalents was
evaluated using a paired Student’s t-test, examin-
ing the hypothesis that there should be no
difference between the mean values of equivalent
video and EMG variables for each food. Finally,
agreement between evaluations of vCS and eCS was
evaluated through the generation of a Kappa
coefficient. This statistic is an evaluation of the
agreement of evaluations of a dichotomous variable
(in this case left side vs. right side), with a range of
�1 to +1, wherein �1 indicates perfect disagree-
ment, 0 indicates no agreement and +1 indicates
perfect agreement. Kappa values below 0.4 in-
dicate poor agreement, between 0.4 and 0.75 fair
agreement and above 0.75 excellent agreement.18

Evaluation of inter-rater reliability

Two observers independently evaluated vMT, vMC,
vOMC, vCT, vCC and vCS for the same 15 videos.
Reliability for vMT, vMC, vOMC, vCT and vCC was
then evaluated through the generation of an intra-
class coefficient (ICC).19 This involves examination
of the contribution of rater variation as a propor-
tion of the total variance for each variable
(controlling for food type) in an ANOVA with subject
and rater as independent variables. The smaller the
proportion of the variance due to the raters is, the
higher the ICC and the better the reliability. Finally,
the reliability of vCS was evaluated through the
generation of a Kappa coefficient to demonstrate
the level of agreement between the two raters.

Evaluation of intra-rater reliability

One observer evaluated vMT, vMC, vOMC, vCT, vCC
and vCS in the same videos on two separate
occasions, 6 months apart. Intra-rater reliability
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Table 1 Mean MT (s), MC and CT (s) scores for
video and EMG evaluations.

Food type Variable Mean score (SD)

H1 vMT 15.6 s (75.3)
eMT 12.5 s (75.2)

vMC 20.2 (76.9)
eMC 19.0 (77.5)

vCT 3.5 s (71.9)
eCT 5.4 s (73.1)

H2 vMT 19.0 s (76.6)
eMT 15.3 s (75.4)

vMC 24.5 (78.2)
eMC 23.3 (78.2)
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was evaluated for the same variables as for inter-
rater reliability, using the same statistical analyses,
except that the independent variables in the
ANOVA were subject and rating (first or second).

Evaluation of discriminatory ability

This test involved an examination of the hypothesis
that vMT and vMC would increase with hardness
from food H1 to food H4, as it has been shown with
other methods.20–22 This hypothesis was examined
through ANOVA with food as the independent
variable and the expectation of a correlation
between increasing food hardness and increasing
vMT and vMC.
vCT 3.5 s (71.6)
eCT 4.8 s (72.3)

H3 vMT 21.5 (76.5)
eMT 19.3 (74.9)

vMC 28.5 s (78.4)
eMC 29.4 s (77.4)

vCT 3.3 s(71.7)
eCT 4.8 s (72.8)

H4 vMT 26.0 s (78.9)
eMT 22.6 s (76.8)

vMC 33.3 (711.6)
eMC 32.2 (79.4)

vCT 3.5 s (71.8)
eCT 4.9 s (72.4)

The ‘‘v’’ or ‘‘e’’ prefix demarcating respectively video and
EMG variables.
Results

Criterion validity

Pearson correlation coefficients for vMT vs. eMT,
vMC vs. eMC and vCT vs. eCT were r ¼ 0:89
(Po0:0001), r ¼ 0:87 (Po0:0001) and r ¼ 0:14
(P ¼ 0:0089) respectively, (number of observations
upon which correlation coefficients based n ¼ 334)
indicating very good correlations for the mastica-
tory time and masticatory cycles variables and a
poor correlation for the cleaning time variables.
Table 1 shows mean vMT, vMC, vCT, eMT, eMC and
eCT scores for each of the four food products.
There was no statistical difference between the
video and EMG variable means as evaluated by t-
test. Finally, the Kappa coefficient for the level of
agreement between vCS and eCS was 0.85, indicat-
ing a good level of agreement between the two
variables.

Reliability

The results of the inter-rater reliability analyses
are shown in Table 2. These figures demonstrate an
extremely high level of reliability for vMT, vMC and
vOMC for all foods, a reasonably good level of
agreement for vCS with all foods but a relatively
poor level of reliability for the vCT and vCC
variables. These results were very similar to those
concerning the intra-rater reliability, where vMT,
vMC and vOMC were very reliable, vCS was reliable
and vCT and vCC were relatively poorly reliable.
The only remarkable observation concerning the
intra-class coefficients for the latter variables was
that there was a correlation between food hardness
and reliability coefficient, with the harder foods
having a worse reliability.
Discriminatory ability

The discriminatory ability of the video variables is
demonstrated by the results shown in Table 3,
wherein we see a very good relationship between
food hardness (increasing from foods H1–H4) and
vMT and vMC, with food type being significantly
associated with differences in both variables as
analysed by ANOVA (Po0:0001). There is a sig-
nificant association between food type and vOMC
(Po0:0001), although the relationship is not as
strong. Finally, there was no relationship between
food type and vCT and vCC.
Discussion

The aim of this study was to validate certain
indicators of masticatory function of healthy
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people measured using video recordings. This was
the first stage of an overall evaluation of these
indicators in groups for whom standard evaluations
are very difficult or impossible. The results suggest
very good validity for vMT and vMC, reasonable
validity for OMC, but poor validity for vCT and vCC.
Table 3 Variation in video variable mean scores by food

Food type vMT (s) (mean/
SD)

vMC (n) (mean/
SD)

vO
SD

H1 15.6 (5.3) 20.2 (6.9) 2.

H2 19.0 (6.6) 24.5 (8.2) 2.

H3 21.5 (6.5) 28.5 (8.4) 4.

H4 26.0 (8.9) 33.3 (11.6) 4.

F values 105.44 96.91 8.

P values 0.0001 0.0001 0.

Table 2 Inter-rater and intra-rater reliability
evaluations for given variables.

Variable Food ER* ICC/k RAy ICC/k

vMT (ICC) H1 0.92 0.98
H2 0.93 0.97
H3 0.95 0.98
H4 0.93 0.97

vMC (ICC) H1 0.93 0.96
H2 0.89 1.0
H3 0.95 0.97
H4 0.95 0.97

vOMC (ICC) H1 0.95 0.92
H2 0.92 0.96
H3 0.95 0.95
H4 0.93 0.96

vCT (ICC) H1 0.77 0.92
H2 0.55 0.86
H3 0.78 0.76
H4 0.58 0.69

vCC (ICC) H1 0.89 0.93
H2 0.71 0.85
H3 0.78 0.76
H4 0.23 0.42

vCS (k) H1 0.81 0.92
H2 0.85 0.86
H3 0.86 0.87
H4 0.89 0.83

k ¼ kappa
*ER ¼ inter-rater reliability.
yRA ¼ intra-rater reliability.
The correlations between vMT and vMC and their
EMG equivalents are very strong. Actual scores for
these variables differ non-statistically due to
recording errors inherent in both methods (EMG
equivalent variables also have an element of error
due to the subject effect).16 It is interesting to note
that of the eight comparisons between vMTand vMC
and their EMG equivalents for all foods, seven show
consistent difference with the video variables being
greater than the EMG ones for all except vMC vs.
eMC for food H3. This suggests a systematic but
consistent measurement error mainly due to the
EMG data collection procedure that avoids the last
burst before swallowing when cycle shape, mea-
sured by kinematics, is very different from other
cycles. This variance in methodology is sufficient to
explain the non-significant differences in means
between vMC and eMC. The differences between
vCT and eCT were not statistically significant and
were again consistent with the EMG variables,
which were always greater than their video
equivalents. The correlation between vCT and
eCT, however, was statistically significant but the
low correlation (r ¼ 0:14) indicated that minimal
amounts of the variance in each variable was
explained by the relationship. The evaluation of
reliability tended to support the validity of vMTand
vMC and confirm the poor validity of vCT and vCS.
The former were consistently good for both forms
of reliability and across all food types, while the
latter had differing reliability scores across the
different foods. The reliability of the vOMC variable
was also highly consistent across food type and that
of the vCS variable was good, although not as good
as the reliability of the vMT, vMC and vOMC
variables.

Variability between subjects and foods constitu-
tes a major characteristic of the physiology of
human mastication. This variability was observed,
for example in cycle shape, amplitude of mus-
cular contraction, masticatory time, number of
type.

MC (n) (mean/
)

vCT (s) (mean/
SD)

vCC (n) (mean/
SD)

6 (3.8) 3.5 (1.9) 2.2 (1.5)

7 (3.7) 3.5 (1.6) 2.2 (1.4)

2 (6.0) 3.3 (1.7) 2.0 (1.2)

2 (5.6) 3.5 (1.8) 2.1 (1.4)

27 1.16 1.07

0001 0.3250 0.3592
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masticatory cycles. These parameters are direct
indicators of the masticatory process. However,
there are not directly linked to masticatory effi-
ciency.16,23 Measurements with sieving and laser
diffraction methods of the preswallowing bolus
have shown no inter-individual variability in the
distribution of particle size for different foods.24

This contrasted with observations of the physiolo-
gical parameters of mastication, that are represen-
tative of the ability to adapt the process of
mastication to food texture. Among the physiologi-
cal parameters of mastication, the number of cycles
is one of the more affected by the food texture.17

Another observation from our study is that MT
and MC were highly correlated, thereby raising the
question of the need to evaluate both. Firstly, it is
entirely to be expected that, depending on the
food, MC and MT are highly correlated as time to
chew something is very likely to be related to the
number of chewing cycles required to complete the
masticatory process. Nevertheless, it is important,
at least at this stage in the validation process, to
keep measuring both for two reasons: (i) it is
feasible that the MT and MC of groups with various
chewing problems (e.g. those with neurological
problems, post-trauma patients, post-cancer pa-
tients etc.) may not be so well correlated; and (ii)
MT and MC are required to generate the variable
chewing frequency (MC/MT) and chewing fre-
quency may be an important variable to demon-
strate differences between food types and
different groups of people. For example, the
chewing frequency differed significantly for hard
foods between people with or without Down
syndrome, while MT and MC increased simulta-
neously with the food hardness.15

Discrimination of food hardness by a tool for the
evaluation of mastication is of great interest in
studies of adaptation of the masticatory pro-
cess.17,25,26 Evaluation of discriminatory validity
across differing food types of known texture and
hardness, again confirms the validity of the vMTand
vMC variables, which demonstrate an excellent
dose-response relationship in the expected direc-
tion with the different food types. vOMC is a
variable that could be associated with a more or
less important tongue protrusion pattern. The
tongue position is affected in children with dis-
abilities when the food is presented near the lips
and during swallowing.14,27 In the healthy group of
adults of this study, the vOMC variable demon-
strated an increase from H1 to H4, despite similar
values for H1 and H2, and H3 and H4, respectively.
It is difficult to predict how OMC should vary with
food hardness, although, if there is any variation, it
would logically be expected that OMC increases
with harder foods as individuals put a greater
conscious effort into chewing something that is
difficult to chew. This theory is born out by the
observations in our study. With respect to the vCT
and vCC variables, they had no association with
hardness for this type of food. It can be expected
that other rheological characteristics of the food
such as viscosity or stickiness would be better
linked to these variables. Moreover, the cleaning
cycles are movements with multiple components
and the criteria of judgements used to identify
them are not accurate. This again confirms that
these two variables are invalid and not useful in
evaluating videos of subjects chewing.

The use of the video evaluation of mastication
could be extremely interesting for the study of
impaired populations. The chewing time, the
number of chewing cycles and the chewing fre-
quency are good direct descriptors of mastication.
The number of masticatory cycles performed with
an open mouth characterises varying degrees of
tongue protrusion. Open-mouth chewing patterns
are found in neonates and it is hypothesised that
lingual protrusion might be progressively inhibited
in the young infant on the development of mature
masticatory and respiratory function, by mechan-
isms that involve the cortex and the dental
proprioceptive system. These mechanisms of in-
hibition may be absent or diminished in populations
with neurological disorders (e.g. cerebral palsy,
Down syndrome, Alzheimer disease) or may dis-
appear with the loss of periodontal proprioception
(edentulous elderly). Most of these groups are also
characterized by a lack of cooperation during the
procedures of EMG measurement. The video eva-
luation of mastication is not a method that can
substitute all the indications for EMG. This method
is specifically indicated in two conditions: (1) for
uncooperative patients and (2) in clinical condi-
tions, when more sophisticated methods cannot be
used, either for time or economic reasons. The
development of this simple, non-invasive method
of evaluation of masticatory capacity will certainly
help the development of clinical research initia-
tives aimed at improving the masticatory function
of such groups.

In conclusion, this study suggests that mastica-
tory time and the number of closing masticatory
cycles used during that time, as observed from
videos of people chewing various foods, are valid
and reliable indicators that can discriminate
between different foods of known hardness. As an
alternative to the complex and highly costly
evaluation of masticatory function through EMG,
observation of certain parameters from video
recording is shown to be valid in healthy subjects
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and could be an alternative for use in groups of
people for whom EMG is not possible. The next
stage is to validate these video evaluated indica-
tors of mastication amongst target groups such as
those with cognitive and/or physical disabilities.
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de la Santé et de la Recherche Médicale (INSERM)
and Institut National de la Recherche Agronomique
(INRA) in France.
References

1. Wilding RJC. The association between chewing efficiency
and occlusal contact area in man. Arch Oral Biol 1993;38:
589–96.

2. Julien KC, Buschang PH, Throckmorton GS, Dechow PC.
Normal masticatory performance in young adults and
children. Arch Oral Biol 1996;41:69–75.

3. Hildebrandt GH, Dominguez BL, Schork MA, Loesche WJ.
Functional units, chewing, swallowing, and food avoidance
among the elderly. J Prosthet Dent 1997;77:588–95.

4. Wayler A, Kapur KK, Feldman RS, Chauncey HH. Effects of
age and dentition status on measures of food acceptability.
J Gerontol 1982;37:294–9.

5. Gunne HS, Wall AK. The effect of new complete dentures on
mastication and dietary intake. Acta Odontol Scand 1985;
43:257–68.

6. Akeel R, Nilner M, Nilner K. Masticatory efficiency in
individuals with natural dentition. Swed Dent J 1992;16:
191–8.

7. Woo J, Ho S, Lau J, Yuen YK. Chewing difficulties and
nutritional status in the elderly. Nutr Res 1994;14:1649–54.

8. Tsuga K, Carlsson GE, Osterberg T, Karlsson S. Self-assessed
masticatory ability in relation to maximal bite force and
dental state in 80-year-old subjects. J Oral Rehabil 1998;
25:117–24.

9. Slagter AP, Olthoff LW, Bosman F. Masticatory ability,
denture quality, and oral conditions in edentulous subjects.
J Prosthet Dent 1992;68:299–307.
10. Slagter AP, Olthoff LW, Steen WHA, Bosman F. Comminution
of food by complete-denture wearers. J Dent Res 1992;
71:380–6.

11. Garrett NR, Perez P, Elbert C, Kapur KK. Effects of
improvements of poorly fitting dentures and new dentures
on masticatory performance. J Prosth Dent 1996;75:269–75.

12. N’Gom PI, Woda A. Influence of impaired mastication on
nutrition. J Prosth Dent 2002;87:667–73.

13. Gisel E, Lange L, Niman C. Chewing cycles in 4- and 5- year
old Down’s syndrome children: a comparison of eating
efficacy with normals. Am J Occup Ther 1984;38:666–70.

14. Gisel EG, Patrick J. Identification of children with cerebral
palsy unable to maintain a normal nutritional state. Lancet
1988;6:283–6.

15. Allison PJ, Hennequin M, Peyron MA. Video evaluation of
mastication. Validation in persons with Down syndrome.
Dysphagia 2004;19:95–9.

16. Lassauzay C, Peyron MA, Albuisson E, Dransfield E, Woda A.
Variability of the masticatory process during chewing of
elastic model foods. Eur J Oral Sci 2000;108:484–92.

17. Peyron MA, Lassauzay C, Woda A. Effects of increased on jaw
movement and muscle activity during chewing of visco-
elastic model foods. Exp Brain Res 2002;142:41–51.

18. Cohen J. A coefficient of agreement for nominal scales. Educ
Physicol Meas 1960;20:37–46.

19. Streiner DL, Norman GR. Health measurement scales. A
practical guide to their development and use, 2nd ed.
Oxford: Oxford University Press; 1995.

20. Horio T, Kawamura Y. Effects of texture of food on chewing
patterns in the human subject. J Oral Rehab 1989;16:
177–83.

21. Duizer LM, Gullett EA, Findlay CJ. The relationship between
sensory time-intensity, physiological electromyography and
instrumental texture profile analysis measurements of beef
tenderness. Meat Sci 1996;42:215–24.

22. Peyron MA, Maskawi K, Woda A, Tanguay R, Lund JP. Effects
of food texture and sample thickness on mandibular move-
ment and hardness assessment during biting in man. J Dent
Res 1997;76:789–95.

23. Proschel P, Hoffmann M. Frontal chewing patterns of the
incisor point and their dependence on the resistance of food
and type of occlusion. J Prosthet Dent 1988;59:617–24.

24. Peyron MA, Mishellany A, Woda A. Particle size distribution
of food boluses after mastication of six natural foods. J Dent
Res 2004;83:578–82.

25. Peyron MA, Blanc O, Lund JP, Woda A. Influence of age on
adaptability of human mastication. J Neurophysiol 2004;92:
773–9.

26. Lund JP. Mastication and its control by the brain stem. J Crit
Rev Oral Biol Med 1991;2:33–64.

27. Gisel EG, Lange LJ, Niman CW. Tongue movements in 4- and
5-year-old Down’s syndrome children during eating: a
comparison with normal children. Dysphagia 1984;38:660–5.


	Clinical evaluation of mastication: validation of video versus electromyography
	Introduction
	Materials and methods
	Procedure
	Data collection techniques
	Evaluation of criterion validity
	Evaluation of inter-rater reliability
	Evaluation of intra-rater reliability
	Evaluation of discriminatory ability

	Results
	Criterion validity
	Reliability
	Discriminatory ability

	Discussion
	Acknowledgements
	References


