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We investigated the reliability, validity, and responsiveness of the mandibular activity
measurement of mastication initiation training foods using a three-axis accelerometer of
patients with dysphagia after a stroke. The reliability and validity were examined in 16
healthy dentate subjects (12 males and 4 females, with a mean age of 47.7 = 18.7 years,
healthy group) and in 16 dentate patients with dysphagia after a stroke (10 males and 6
females, with a mean age of 62.3 = 16.9 years, patient group). Ten patients (7 males and
3 females, 57.1 = 15.6 years) who underwent mastication training for approximately 1
month were included in the study for responsiveness. The test food was 6 g of food for
mastication initiation training (Process Lead®”, Otsuka Pharmaceutical, Tokushima, Ja-
pan). A three-axis acceleration sensor (UB-301 BT, A&D, Tokyo, Japan) was used to
measure mandibular activity. The measurement conditions in this study were found to be
reliable and valid for a cross-sectional comparison between healthy subjects and pa-
tients. However, it was not possible to determine the effect of chewing training (respon-

siveness). (J Osaka Dent Univ 2022; 56: 87-98)
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INTRODUCTION

Stroke can cause sensory and motor disturbance in
the oral organ and its associated structures, and
many patients experience masticatory disturbance
due to not only dysphagia but also to decreased or
impaired oral function. Oral rehabilitation and swal-
lowing rehabilitation aim at the recovery of mastica-
tory function together with oral rehabilitation mainly
focusing on tongue function, and masticatory train-
ing is carried out as coordinated training with each
oral organ. The evaluation of masticatory and swal-
lowing function is mainly qualitative, and quantita-
tive evaluation is necessary to judge the effect of

Responsiveness Three-axis acceleration sensor ;

rehabilitation and treatment, and to understand the
temporal change of mandibular movement with
masticatory movement in detail. However, it has not
been applied to patients with cerebrovascular dis-
eases because of the heavy burden on patients
such as holding a posture for a certain period of
time and wearing a device in the mouth during
measurement. In order to detect the movement of
the whole jaw during mastication, we define the
amount of displacement obtained by the accelera-
tion sensor as the amount of mandibular activity,
which is easy to use in clinical practice.’

In this study, we aimed to investigate the reliabil-
ity, validity, and responsiveness of the mandibular
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activity measurement of mastication initiation train-
ing foods using a three-axis accelerometer to
evaluate the mastication and swallowing ability of
patients with dysphagia after a stroke.

MATERIALS AND METHODS

Study Population

This study consists of two parts. The first part was
the evaluation of the reliability and validity of the
amount of mandibular activity using an acceleration
sensor. The second part was the evaluation of the
responsiveness of the mandibular activity toward
rehabilitation. The data of patients with dysphagia
were collected in the first part. Those who partici-
pated in a swallowing rehabilitation program with
the same speech therapist belonging to Wakakusa-
Tatsuma Rehabilitation Hospital showed a better
post-rehabilitation Mann Assessment of Swallowing
Ability (MASA) score® compared to their pre-
rehabilitation score were included in the second
part.

The participants in the first part received a thor-
ough explanation of the study objectives before the
study implementation. These participants consisted
of 16 healthy dentate jaws of 12 males and 4 fe-
males, with a mean age of 47.7 = 18.7 years (the
“healthy group”), and 16 dentate jaws of 10 males
and 6 females with dysphagia due to cerebrovascu-
lar disease and with a mean age of 62.3 £ 16.9
years (the “dysphagia group”). The latter were re-
cruited among patients admitted to the convales-
cent rehabilitation ward of the Wakakusa-Tatsuma
Rehabilitation Hospital.

After completing the data collection in the first
part, the dysphagia group participated in a swallow-
ing rehabilitation program with speech therapists,
and those whose MASA scores improved after re-
habilitation were included in the second part of the
study. The patients in the second part included 7
males and 3 females, totaling 10 patients (mean
age 57.1 = 15.6 years). The swallowing rehabilita-
tion program content was overseen by the same
speech therapist and was performed for a total of
60 minutes per day for approximately 1 month, with
30 minutes of indirect training and 30 minutes of di-

Journal of Osaka Dental University, April 2022

rect training.

The inclusion criteria for the study population
were Eichner’s classification® A (Four occlusal sup-
port areas) in both groups. The following were in-
clusion criteria for the dysphagia group: patients
with a Mini Mental State Review (MMSE) of 24
points or higher, who understood life instructions,
with a functional oral intake scale* (FOIS) of 2 or
higher, who were able to perform swallowing train-
ing with very small amounts of food, and with no
movement of the body or head/neck at the time of
examination. The exclusion criteria for both groups
were as follows: Eichner’s classification® B (One to
three occlusal support areas) and C (No occlusal
support area). In the dysphagia group, the following
patients were excluded: those with MMSE of 23
points or lower, clinically diagnosed dementia, diffi-
culty in understanding instructions, FOIS of 1 or
lower, difficulty in training using food, and marked
body movement and head/neck movement at the
time of examination.

Age, sex, height, weight, and body mass index
(BMI) at the beginning of this study were investi-
gated as survey items for the participant character-
istics. In addition, Food intake was assessed by
FOIS and swallowing ability by MASA.

This study was conducted with the approval of the Ethics
Committee of Osaka Dental University (Approval No.11054)
and the Ethics Committee of Wakakusa-Tatsuma Rehabili-
tation Hospital (Approval No. 19040554).

Test Foods

The test foods used were mastication training foods
(chew and swallow managing food [CSMs], Proc-
ess Lead®”, Green Tea Flavor; Otsuka Pharmaceuti-
cal, Tokushima, Japan). The amount of test food
was one piece (6 g) per participant; the CSM was
divided into eight equal portions.

Three-Axis Accelerometry and Signal Process-
ing of Mandibular Movements.

For acceleration sensor measurement, a three-axis
acceleration sensor (wristband-type Life Recorder”
UB-301 BT; A&D Company, Tokyo, Japan) was
used (Fig. 1). The acceleration sensor used in this
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study can measure human motion in three axial di-
rections by mounting it on the wrist, as it is a wrist-
band type of activity meter that is 21 mm long, 39
mm wide, 15.5 mm high, and approximately 22 g in
weight. In this study, the main body was removed
from the wristband before it was utilized. The sam-

Fig. 1 Three-axis accelerometer (Life Recoder®)
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pling rate was 20 Hz, and by transferring the data
to the computer through the cradle, it is possible to
evaluate living behavior and amount of movement
from movement intensity and frequency.
Acceleration sensors were applied with medical
tape to the central mandibular mental area of the
study population, and acceleration from mouth
opening to the end of the first swallowing reflex
was measured while the subject was in a 90-
degree sitting position. The subjects were in-
structed to perform free chewing and swallowing
movements after being allowed by the operator to
eat with a spoon. The participants’ movements
were also videotaped, and the same speech thera-
pist assessed and confirmed masticatory move-
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Fig. 2 The process of acceleration waveforms in the 3 directions in one healthy subject and one patient with dysphagia

are shown in graph form.
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ments and swallowing reflexes by external observa-
tion. Each participant attempted the procedure
thrice, with sufficient breaks between each ftrial.

The acceleration signal obtained was to a full-
wave rectifying smoothing process by removing the
DC component. Integral values were calculated for
each of the three lateral, vertical, and anteroposte-
rior waveforms, and the sum of the components in
the three directions was considered the total mandi-
bular activity. The processing of the respective ac-
celeration waveforms during the masticatory move-
ments of one healthy subject and one patient with
dysphagia is shown in Figure 2.

Statistical analysis

IBM SPSS Statistics Ver. 26 (IBM Corp., Armonk,
NY, USA) and MedCalc Ver. 20 (MedCalc Soft-
ware, Ostend, Belgium) were used for the statistical
analysis.

Reliability

Reliability was estimated test-retest reliability.® Sys-
tematic errors and random errors were estimated.
The presence of systematic errors in® the three
trials was examined using single-factor, within-
subjects analysis of variance (ANOVA). The level of
statistical significance a was set at 0.05. Random
errors were quantified for relative and absolute reli-
ability.>® Relative reliability was calculated for in-
traclass correlation coefficient: ICC (3,1) and ICC
(3,3).*® For absolute reliability (measurement error),
the standard error of measurment (SEM) was cal-
culated.**®

Validity

Validity was examined for criterion validity.” The
reference standard was healthy individuals and
MASA. An unpaired t-test was used to compare the
differences in mandibular activity in the measured
means between the healthy and dysphagia groups.
A receiver operating characteristic (ROC) curve
was drawn to investigate the cutoff value to deter-
mine the presence of diseases according to the
amount of mandibular activity. Youden’s index was
used to obtain the cutoff value for the point that
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was the most distant from the diagonal with an
area under the curve of 0.50. Pearson’s correlation
coefficients were calculated for the association
between mandibular activity and MASA in the
dysphagia group.” "™ The level of statistical signifi-
cance a was set at 0.05.

Responsiveness

Responsiveness was examined in terms of internal
and external responsiveness.” " Rehabilitation was
performed and data from 10 patients with improved
MASA were used. The internal responsiveness of
MASA and mandibular activity was calculated as
the standardized response mean (SRM)."" Stan-
dard error of prediction (SEP)*' was calculated for
the means of mandibular activity volumes obtained
from the three trials prior to rehabilitation. The 95%
confidence intervals of the minimal detectable
change (MDC95)>° for each patient were calculated
and compared with the post-rehabilitation measure-
ments. External responsiveness was calculated us-
ing Pearson’s correlation coefficient for the associa-
tion between changes in mandibular activity before
and after rehabilitation and changes in MASA in the
dysphagia group. The level of statistical signifi-
cance a was set at 0.05.

RESULTS

Characteristics of subjects

The dysphagia group had lower levels of maximal
tongue pressure, masticatory force, and MASA
compared with the healthy group (Table 1).

Table 1 The status of age, BMI, tongue pressure, mastication
and swallowing ability in healthy subjects and dysphagia pa-
tients

Variables Healthy (n=16) Dysphasia (n=16)
Age (yrs) 47.7£18.7 62.3+16.9
Gendar: male / female 12/4 10/6
BMI (kg/m?) 21.5+4.2 21.0*+56
Maximum 39.7+11.5 19.047.3
tongue pressure (kPa)
Mastication (level) 48+0.4 22+1.0
FOIS (level) 7.0 48+14
MASA (point) 198.0£0.6 154.1%£21.2

Mean (1SD).
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Reliability

In the three measurements of mandibular activity, a
higher amount of mandibular activity was observed
in the dysphagia group compared with the healthy
group (Fig. 3). Repeated measures ANOVA re-
vealed no significant differences (systematic error)
between the trials of both groups (Tables 2 and 3).
The point estimate of the ICC (3,1) for the single
measurement of the healthy group was 0.688 and
for the average of the three measurements was
0.868. The point estimate for the single measure-
ment of the dysphagia group was 0.620, with an
average measure of more than 0.830. The ICC
(3,3) of the three mean determinations in both
groups were more than 0.75, and SEM was 1.6
times higher in the dysphagia group compared to
the healthy group (Table 4).

Table 2 Analysis of variarance table for 3 measuremants of
mandibular activity for healthy subjects

Sum of Mean
Source F-value P-value
Squares Squares
Between 9700 15 0.647
subjects
Within Between
subject  trials 0.144 2 0.072 0.840 0.441
Residual 2568 30 0.086
Total 2712 32 0.085
Total 12411 47 0.264
df: degree of freedom
Healthy
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Fig. 3 Three measurements of mandibular activity
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Validity

The mean of mandibular activity was higher in the
dysphagia group than in the healthy group. Un-
paired t-test results showed a significant difference
between the two groups (p <0.01, Fig. 4). ROC
curves were plotted with convex curves on the up-
per left side. The area under the ROC curve and
95% CI were 0.879 (0.715-0.967), respectively (p
<0.05). Youden’s index yielded 1.618 m/s* as the

Table 3 Analysis of variarance table for 3 measuremants of
mandibular activity for dysphagia patients

Sum of Mean
Source F-value P-value
Squares Squares
Between 20985 15 1.399
subjects
Within Between
subject  trils 0.102 2 0.051 0.215 0.808
Residual 7.129 30 0.238
Total 7232 32 0.226
Total 28.217 47 0.600

df: degree of freedom

Table 4 Reliability and measurement error of Mandibular activ-
ity in healthy subjects and dysphagia patients

Single measurement
ICC (3,1) (95% Cl) SEM

Average of measurements
ICC (3,3) (95% Cl) SEM

Healthy 0.686 (0.431-0.864) 0.293 0.868 (0.695-0.945) 0.168
Dysphasia 0.620 (0.341-0.829) 0.488 0.830 (0.609-0.936) 0.275

ICC: Intraclass correlation coefficient, Cl: Confidence interval
SEM: Standard error of the measuremant (m/s?)
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Fig. 6 Scatter Plot of Mandibular Activity and MASA in pa-
tients with dysphagia

appropriate cutoff. The sensitivity in this case was
93.75%, and the specificity was 75.00% (Fig. 5).
Significant correlations were shown for the associa-
tion between mandibular activity and MASA in the
dysphagia group (r=—0.641, p=0.007) (Fig. 6).
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Fig. 8 Comparison of Mandibular activity before and after
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Responsiveness

The mean difference for those who underwent re-
habilitation and had elevated MASA levels was
19.90 points (Fig. 7). Mandibular activity decreased
in nine patients (Fig. 8). The SRM of mandibular
activity was 0.419, which was approximately 19%
compared to MASA (Table 5). The SEP calculated
from the measured value before rehabilitation was
0.913 m/s®. After training, there were two individu-
als who showed changes beyond MDC,s (Table 6).
Regarding the association between the changes in
mandibular activity before and after rehabilitation
and the changes in MASA in the dysphagia group,
no significant correlation was found (r=—20.307, p
=0.388) (Fig. 9).
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Table 5 Internal responsiveness (sensitivity to change) before and after rehabilitation
pre post SRM (95% ClI)
MASA (point) 149.800(27.868) 169.700(27.929)  2.217(1.348-3.551)

Mandibular activity (m/s?)

4.255(2.102)

2.925(0.737)  0.419(0.361-0.445)

SRM: Standardized response mean

Table 6 Mandibular activity before and after rehabilitation and
MDCss

_ Mandibular activity MDCos Patients
Patients beyond
pre post lower upper  the MDCes
1 6.807 3.479 4.790 8.368 *
2 2.841 1.802 1.178 4.756
3 8.602 4.202 6.425 10.003 *
4 5.634 3.506 3.341 7.299
5 2.721 2.491 1.069 4.647
6 3.101 2.461 1.416 4.993
7 3.147 2.814 1.457 5.035
8 1.991 2.069 0.405 3.983
9 3.624 3.346 1.891 5.469
10 4.080 3.077 2.307 5.884

Unit: m/s* MDC 95: 95% confidence interval of minimal detect-
able change
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Fig. 9 Scatter plots of changes in mandibular activity and
MASA before and after rehabilitation

DISCUSSION

In general, measurements are the cornerstone of
medical research and clinical practice. Quality as-
sessment is of great importance and is evaluated
with three properties: reliability is defined as the de-
gree to which there is no measurement error in the
measurement; validity, the degree to which the
measurement instrument actually measures the
construct being measured; and responsiveness, the

Cl: Confidence interval

ability of the measurement instrument to detect
changes in the construct of the measurement ob-
ject over time."" The difference between validity
and responsiveness is that validity implies the valid-
ity of one score (estimated based on cross-
sectional measures) while responsiveness implies
the validity of a change in scores (estimated based
on two longitudinal measures).”” " Since the scores
obtained from measurement instruments are af-
fected by the population being measured and
measurement conditions, the aforementioned char-
acterization is now focused on the scores produced
by measurement instruments rather than on the
measurement instruments per se."" In this study,
we aimed to investigate the three properties of
mandibular activity measurement using a three-axis
acceleration sensor during mastication of the train-
ing initiation food for patients with dysphagia in the
'measured conditions set here.’

Study Population

Swallowing disorder is present in 30-70% of stroke
patients. There are many patients with dysphagia
due to cerebrovascular diseases,” particularly
pseudobulbar palsy. Apart from the pharyngeal
phase, patients often have disorders in the prepara-
tory and oral phases."” This study was conducted to
select patients with cerebrovascular disease (cere-
bral infarction, cerebral hemorrhage, and subarach-
noid hemorrhage) with pseudobulbar palsy and
dysphagia with oral dysfunction and masticatory
dysfunction in each oral structure. In the classifica-
tion of cerebrovascular disease in the dysphagia
group, 50% of the patients had cerebral infarction.
In the modified Ranking Scale® (mRS), which is the
seriousness rating scale of cerebrovascular disease
and neurological disease, five patients had severe
failure of grade 5 (bedridden and requiring constant
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assistance) in this study.

Oral problems, such as tooth loss, affected the
masticatory performance, bolus formation ability,
and subsequent swallowing function during the
preparation and oral phases. Mandibular move-
ments in mastication have been shown to be regu-
lated by stimulation from peripheral sensory recep-
tors, such as the periodontal ligament, masticatory
muscles, and oral mucosa in the masticatory center
of the brainstem, to be executed in a size-and
strength-dependent manner,? and to increase man-
dibular movements in the absence of the periodon-
tal ligament by the inadequate input of pressure-
sensing stimuli.?? In this study, the sensation ob-
tained from the physical properties of food was in-
putted into the center using the periodontal sensa-
tion during mastication, and the masticatory force
and mandibular movement were adjusted uncon-
sciously to match the physical properties of the
food; Therefore, in this study, healthy subjects and
patients with no missing teeth were included. FOIS,
which was used in the evaluation of this study, as-
sesses the actual feeding situation in seven stages,
and its reliability and validity in patients with stroke
were verified.® MASA is a method of differential
screening of dysphagia and aspiration of stroke by
the clinical evaluation.” items, such as higher brain
function, oral cavity, pharynx, laryngeal function,
and respiratory function, are comprehensively
evaluated, with a perfect score of 200 points for the
swallowing function. Each endpoint is assessed by
a score of 5 or 10, and if dysphagia is severe, the
score on each assessment is also low. From the to-
tal score, the degree of dysphagia and aspiration
can be classified into four grades. Dysphagia crite-
ria are as follows: normal: 178-200 points; possible:
168-177 points; probable: 139-167 points; and defi-
nite: 138 points or less.? For patients with acute
stroke, higher results have been reported regarding
MASA intra-rater or inter-rater reliability.>* In addi-
tion, the face validity and the content validity of the
evaluation items are also reported when setting the
cutoff value of MASA in patients with acute
stroke.>*
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Test Food

This study used a Process Lead” (Otsuka Pharma-
ceutical) commercially available as a food for chew-
ing and swallowing training. This food correspond
to code 3 or 4 of the Japanese Dysphagia Diet
2013 by the Japanese Society of Dysphgia Reha-
bilitation. It has a hardness that requires mastica-
tion, can be masticated, can form a bolus, can be
fed, and becomes paste-like when swallowed. Its
physical property is such that a series of move-
ments until swallowing can be safely performed.
This food has been positioned as a food for training
in chewing and swallowing prior to initiating feeding
training with jelly and pasty foods and transitioning
to forms requiring chewing in feeding and swallow-
ing rehabilitation.*

The amount of test meal used in previous studies
was 4 g.” When the amount in the mouth is small,
chewing is often performed by crushing the food
item between the tongue and palate, and chewing
using teeth is observed in many cases or with hard-
ness of the food. Swallowing exercises using 2 to 5
mL of gelatin in older adults with poor eating func-
tion often result in the swallowing of 2 to 3 mL of
gelatin per person.”® There is a lack of consensus
on the appropriate bite size for measuring mandibu-
lar movement volume in patients with mastication
and food mass formation movement disorders.
Therefore, in this study, 6 g was specified based on
clinical experience and preliminary experiments.

Three-Axis Accelerometry and Signal Process-
ing of Mandibular Movements

Several reports have measured mandibular move-
ment using acceleration sensors.”"*® Measurements
by two axial accelerometers can calculate the
amount of displacement of the mandible,” and the
mandibular acceleration data during mastication
can be applied to estimate the hardness of food.*
Isaji et al.** measured the mandibular movement
during the mastication of dentulous individuals and
denture wearers using a two-axis acceleration sen-
sor and performed an acceleration analysis. They
reported that the general denture wearer has a
larger jaw movement than does the dentulous per-
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son and that the complexity was reduced by a
regular monotonous rhythm. Shikano et al.*' noted
that mandibular movements of complete denture
wearers cause the strong impact of the mandible
against the upper jaw regardless of the nature of
the food, and that chewing movements were per-
formed with a certain tendency. The loss of the
periodontal ligament made it difficult for denture
wearers to sense the denture, resulting in poorly
controlled mandibular movements. However, no re-
ports to date applied acceleration sensors to pa-
tients with dysphagia due to cerebrovascular dis-
ease and measured mandibular movements.

Reliability

In the dysphagia group, the values of mandibular
activity and the fluctuation were higher compared
with the healthy group (Figs. 3 and 4). The amount
of mandibular activity obtained in this study was
significantly increased, with a waveform larger and
more irregular in amplitude compared to that of
healthy individuals. Because of the existence of
sensory and motor disturbances caused by cere-
brovascular disease and the lowering of stimulation
input from oral structures, physical properties could
not be sensed, and the regulation of mandibular
movement by the chewing center of the brainstem
seemed to be difficult. Mastication has been shown
to be subject not only to the brainstem but also to
the control of the cerebrum. The primary facial mo-
tor area of the corticofacial area is involved in the
motor coordination of the mandible and tongue dur-
ing food uptake and transfer.* The cortical mastica-
tory area is responsible for the initiation of mastica-
tion, the formation and maintenance of rhythmic
masticatory movements, transition from mastication
to swallowing, and regulation of swallowing-related
muscles.” In addition, the basal ganglia and pre-
frontal cortex have also been suggested to be in-
volved in masticatory motor regulation.*** The pa-
tients with dysphagia included in this study had foci
in areas including the frontal lobe, basal ganglia,
corticofacial areas, and cortical masticatory areas,
which were considered to have caused masticatory
movements that differed from those of the healthy
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group as a result of problems in regulation from the
cerebral cortex and the brainstem.

A prerequisite for obtaining valid measurements
is to first establish higher reliability.® Variation in ob-
served measurements is considered to be largely
related to within-subject variability. Reliability is de-
fined as the degree of the absence of measure-
ment error; the measurement error is classified into
systematic error and random error.>*" The pres-
ence or absence of systematic error was investi-
gated in this study with repeated measures
ANOVA. For random errors, model 3 of ICC, which
does not take into account the effect of variance of
systematic errors as a relative index, and SEM as
an absolute index were calculated.’®

No systematic error of the three measurements
was detected in the healthy and dysphagia groups.
This means that there was no systematic increase
or descending tendency of the measured values,
such as due to fatigue of the subjects at the time
the measurement was taken. The variability of the
measured values was found to be due to random
error. ICC was interpreted as reliable as the value
approached 1.0, and multiple calculation formulas
have been proposed according to the measurement
conditions. In the current study, we calculated ICC
(3,1) showing the degree of reliability in single
measurement taken by the same person and ICC
(3,3) estimating the reliability (average measure-
ments) of average values of triplicate measure-
ments in healthy individuals and patients with
dysphagia.>® This indicator is intuitively understand-
able because the resulting values are expressed as
relative values. In this study, the ICC values of the
dysphagia group were lower than those of the
healthy group. However, since the ICC values for
the average measurements in both groups ex-
ceeded 0.83, from the ICC value, ‘good’ reliability®
was shown. In SEM, which shows measurement er-
ror in actual measurement units, the value of the
dysphagia group was 1.6-fold higher and had a
larger random error compared to the healthy group.
The variations in the acceleration sensor measure-
ment data in this study seemed to be due to the
fact that the influence on the movement of the body
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movement, especially the head and neck, could not
be excluded from the measurement of the applica-
tion site of one site in the mental area, variations in
the application sites with different measurement
dates, the type and quantity of test foods, and the
selection of analysis intervals.

Validity

In this study, we examined the criterion validity in
which the reference standard were healthy individu-
als and MASA."” Validity focuses on the scores pro-
duced by the measurement method, not the meas-
urement method itself.” Criterion validity refers to
the extent to which the metric score matches the
reference standard of the configuration concept to
be measured, which is applied when there is a ref-
erence criterion.” The concurrent validity of this
concept is considered to be diagnostic utility.”” In
this study, the ROC curve was drawn and Youden’s
index was calculated to determine the cutoff
value.” " As a result, the sensitivity and specificity
of the detected cutoff values were very high, and
the results of the unpaired t-test showed that the
determination of the amount of mandibular activity
in this study was highly discriminatory for the pres-
ence or absence of disease. Furthermore, the
amount of mandibular activity in this study were
correlated with MASA scores for comprehensive
assessment of swallowing function in the dysphagia
group, suggesting the possibility that swallowing
function can be quantitatively assessed based on
the amount of mandibular activity.

Responsiveness

There are two major aspects of responsiveness,
each defined and evaluated.” Internal responsive-
ness is the ability of a measuring instrument to de-
tect a change in score when the patient’s condition
actually changes.” The index of internal respon-
siveness is expressed as a ratio of signal (true
change) and noise (variation of random error). SRM
is a type of effect size that is the change score be-
fore and after the intervention divided by the stan-
dard deviation of the change score.”" For internal
responsiveness, values of 0.20, 0.50, and 0.80 are

Journal of Osaka Dental University, April 2022

interpreted as small, medium, and large, respec-
tively.” "™ This study found that the SRMs of mandi-
bular activity were roughly moderate but consider-
ably less responsive when compared to MASA,
which was the reference standard. In addition,
when interpreting the change in scores, interpreta-
tion considering measurement error is required. Not
all changes in measurements® are actual or true
changes.” MDCgy is the 95% Cl of the smallest
amount of measured change required to eliminate
the possibility that measurement error alone is
causal. In this study, SEPs recommended by Char-
ter'® and Dudek™ were calculated as measured er-
rors. In multiple trials, 95% of the study populations
showed random variation below this amount.’ In
this study, after rehabilitation, the tendency of lower
mandibular activity volume compared to that before
rehabilitation could be captured, although 2 out of
10 individuals showed lower values than the lower
limit of MDCss. It is interpreted that the pre- and
post-rehabilitation changes in the remaining eight
individuals were within the measurement error
range.

External responsiveness refers to the degree to
which a change in a measurement over a particular
time frame correlates with a change in a reference
standard.” In this study, no correlations were found
between the amount of change in MASA and the
amount of change in mandibular activity. Although
the amount of measurement error, that the present
measurement condition had, was acceptable for
cross-sectional validity, it may have acted as a
large noise for the detection of longitudinal
changes. When measuring instruments are used for
cross-sectional observation (e.g., healthy vs. patient
comparison), an ICC value of 0.70 is acceptable,
and high ICC values of 0.90 to 0.95 are required to
apply these instruments to longitudinal observation
of individual patients.”* From the result of this study,
it was proven that in order to detect the time-
dependent change of mandible activity quantity of the
deglutition disorder patient patients with dysphagia
after a stroke, it was necessary to examine the
measurement condition with higher reliability and
responsiveness.
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