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Abstract

Background: To date, no validated assessment of motor imagery (M) ability with tem-
poromandibular disorders (TMD) exists preventing identification of good imagers and
appropriate Ml use during TMD rehabilitation.

Objective: To assess the reliability and construct validity of the previously developed
Tongue and Mouth Imagery Questionnaire (TMIQ) compared with the gold-standard
Kinaesthetic and Visual Imagery Questionnaire (KVIQ-10).

Methods: Both KVIQ-10 and TMIQ assess MI ability using vividness (i.e. clarity/
brightness for visual Ml, , MI; or intensity for kinesthetic Ml, , Ml) of Ml using a 5-point
Likert scale (1: no image/sensation, 5: clear/intense image/sensation). The KVIQ-10
was administered once (test) and the TMIQ twice (test-retest) to heathy participants
and patients with TMD. Questionnaire validity was investigated using concurrent va-
lidity (Pearson correlation and paired t test); TMIQ-test-retest reliability (intraclass
correlation coefficients, ICCs); internal consistency (Cronbach o) and the factorial
structure (principal factor extraction).

Results: A total of 94 participants were included (n = 47 per group). The mean vivid-
ness scores of the KVIQ-10 and the TMIQ were significantly correlated, and not sig-
nificantly different for both groups indicating concurrent validity. ICCs in the control
group (range: 0.82-0.90), and in the TMD group (range: 0.75-0.82) indicated good
reproducibility. The Cronbach o values were all above 0.94, indicating excellent reli-
ability. Two factors were extracted corresponding to ,Ml and (Ml and explained 66%
of total variance.

Conclusion: The TMIQ is a valid and reproducible Ml questionnaire showing excellent
internal consistency and, therefore, can be used to assess imagined movements of the
TM region in healthy individuals and patients with TMD.

KEYWORDS
cronbach a, factorial analysis, intraclass correlation coefficient, Physiotherapy,
temporomandibular disorders
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1 | BACKGROUND

Temporomandibular disorders (TMD) are characterised by a triad of
clinical features including muscle and/or joint pain, TM joint sounds and
impaired mobility of the mandible during opening and closing move-
ments.>? Pain in the TM region appears relatively common, occurring
in approximately 10% of the population over the age of 18 years.® It
has been established that pain produces changes in motor behaviour
due to peripheral and central mechanisms related to the central ner-
vous system,* including a distortion of somatorepresentation,® with
evidence of structural and functional changes in the prefrontal cortex
and basal ganglia.® TMD management is patient-centred, multidisci-
plinary” and based on a biopsychosocial matrix model.? Physiotherapy
also plays a part in the treatment of such patients using a combination
of brain training techniques and biobehavioural interventions, as ap-
propriate, which elicits cortical reorganisation,” and has been found
to be effective in improving mobility and reducing pain due to T™D.?

Among the possible brain training techniques, explicit motor im-
agery (Ml)—the conscious construction of a mental representation
from an internal perspective based on either visual or kinaesthetic
information without simultaneous physical execution'®—has been
shown to be effective to reduce pain and improve range of motion
in musculoskeletal disorders,'! increase strength®? and limit the loss
of strength due to immobilisation.*® As such, MI has been extensively

1415 and individuals

17,18

used to improve motor performance in athletes,
with neurological issues, including stroke®® and spinal cord injury,
The effectiveness of MI (in adjunction to actual practice) is related to
functional equivalence that consists of similar sensorimotor brain re-
cruitment between actual and imagined practice.r” Therefore, Ml has
been very recently recommended to be included in TMD rehabilitation
to promote both clinical improvement and cortical reorganisation.’
Notably, improvements observed in response to Ml training are di-
rectly related to the Ml ability of the individual.?%?! The latter is usually
assessed by measuring the vividness that refers to the clarity/bright-
ness of the image (visual MI, Ml) and intensity of the sensation (kinaes-

thetic Ml, M) of the mental reconstruction of the movement??

during
the administration of a specific questionnaire. Because all validated
guestionnaires exclusively assess the MI ability for the movements
of limbs and trunk, we developed The Tongue and Mouth Imagery
Questionnaire (TMIQ), a new questionnaire designed for the assess-
ment of Ml ability of movements of the TM region,?>?* that is yet to be
validated. The present study, therefore, aimed to assess the reliability
and construct validity of the TMIQ with reference to the gold-standard

Kinaesthetic and Visual Imagery Questionnaire (KVIQ-10).

2 | METHODS

2.1 | Trial design and ethics

This case-control study was observational and prospective, and the
present report conforms to STROBE guidelines.25 Approval was ob-
tained from the regional ethics committee (Comité de Protection des
Personnes Sud-Ouest et Outre-Mer 111 2018-A02195-50).

2.2 | Role of the funding source
The study received no financial support. The sponsors only partici-

pated in the study design.

2.3 | Eligibility criteria

French speaking volunteers aged between 18 and 75 years were
considered for inclusion. Prior to the study inclusion, a physician in-
dependent of the study diagnosed TMD and delivered a written pre-
scription for TMD rehabilitation specifying the diagnosis of TMD,
and the physiotherapist classified the type of pain and intra-articular
temporomandibular disorders according to the diagnostic criteria for
the temporomandibular disorders (DC/TMD); imaging was not used.?
Healthy subjects included in the control group were age- and sex-
matched to TMD participants. Eligibility to participate in this study was
then screened for each identified individual by an experienced physi-
otherapist (i.e. >5 years of TMD rehabilitation). The physiotherapist
verified the absence of exclusion criteria defined as the presence of a
short lingual frenulum,?® lingual immaturity27 and/or peripheral facial
palsy; a history of orthognathic surgery or facial fracture during the
6 previous months; the current participation in another study to pre-
vent any experimental bias; and TMD for inclusion in the control group.
Eligible individuals received an informed consent document about the
study mentioning that the participation was voluntary. In case, eligible

individual gave written informed consent to participate in the study.

2.4 | Settings

All patients with TMD were recruited in the physiotherapy facility
(private practice) Cabinet Saint Alexandre (Lyon, France), that exclu-
sively receives patients for TMD rehabilitation. Control participants
were recruited within the family environment of either the patients
with TMD or the authors, or in the authors’ professional entourage
among the staff of the University of Lyon or the hospital.

2.5 | Intervention

The study consisted of the administration of 2 questionnaires: the gold-
standard KVIQ-10 and the TMIQ. The KVIQ-10 was administered once
(test) and the TMIQ twice (test-retest). The interval between test and re-
test was 27 days. For TMD participants the test and retest were integrated
into the course of their TMD rehabilitation; the usual interval between 2
rehabilitation sessions being between 7 and 42 days. For controls, the test
and retest were scheduled according to the availability of participants.

2.6 | TheKVIiQ-10

The KVIQ-10 is a validated questionnaire used to assess MI ability
through vividness, distinguishing Ml (i.e. clarity of the image) and
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Ml (i.e. intensity of the sensation). The KVIQ-10 consists of a total
of 5 different movements, of upper limb (n = 2), trunk (n = 1) and
lower limb (n = 2). The examiner reads the questionnaire instruc-
tions and the participant performs successively an actual movement
and an imagined movement using a first-person perspective and Ml
from the first to the fifth movement. This set of movements is then
repeated but imagined movements are performed using (MI. After
each imagined movement, the subject rates the vividness using the
operational definition corresponding to a 5-point Likert scale (i.e. ‘no
image/ no sensation’ = 1 up to ‘image/sensation as clear/intense as
during actual movement’ = 5). The examiner records a total of 10
vividness scores (i.e. \Ml, n = 5 and (M, n = 5).% This questionnaire
was chosen to be the gold-standard because movements instructed
are restricted to an anatomical region (e.g. flexing the shoulder while
maintaining the elbow extended) that is more close to the move-
ments performed with the TM region contrary to other question-
naires assessing vividness of more complex and goal-directed

imagined movement such as walking, running or grasping.?>28

27 | TheTMIQ
The structure of the TMIQ was similar to that of the KVIQ-10. The
TMIQ included 5 items representing gestures of the tongue (i. pointing

to mouth commissure, ii. licking lips and teeth, iii. drawing an ‘m’ on
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the palate) and of the mandible (iv. laterally shift, v. maximal opening;
see Appendix and Figure 1 for details). These were performed in the
order presented above, and as for the KVIQ-10, for each of these the
actual movements were performed and followed by the Ml move-
ments (item 1 to 5); this was repeated for actual and (Ml movements.
All movements were performed at a comfortable speed in a sitting
position, with no rest between movements unless needed by the par-
ticipant. After each imagined movement, the participant rated the viv-
idness using the same 5-point Likert scale used for the KVIQ-10.24
Like the KVIQ-10, the TMIQ was administered by an examiner who
read the instructions and recorded the vividness score. In case, an ac-
tual movement was inappropriately executed, the examiner asked the
participant to repeat it immediately. In addition, manifestation of pain
within the TM region occurring during questionnaire administration
was systematically recorded after each item and rated using a numeri-
cal scale (O = no pain, 10 = maximal pain). Hence, for each participant
10 vividness scores and 10 pain scores were recorded.

2.8 | Outcomes

The vividness scores of both the KVIQ-10 and TMIQ (i.e. Likert scale
1-5) along with the pain intensity (Numerical scale 0-10) were recorded
using OpenSesame (version 3.2.4) software (https:/osdoc.cogsci.nl/),

27 and stored as a csv file. This procedure was chosen to both automate

FIGURE 1 |lllustration of the Tongue and Mouth Imagery Questionnaire (TMIQ). R: right, L: Left. Item 1. Pointing to mouth commissure,
Participant was instructed to point with the tip of the tongue to the mouth commissures a total of 6 pointing (e.g. left, right, left, right,

left, right); Item 2: Licking lip and teeth, Participant was instructed to lick (2A) the lower lip, then the upper lip, (2B) the anterior part of the
mandible teeth then the anterior part of the maxilla teeth, (2C) the posterior part of the mandible teeth then the posterior part of the maxilla
teeth (hence a total of 6 licking); Item 3: Drawing an ‘m’ on the palate with the tongue without touching the teeth; Item 4: Lateral shift of the
mandible, Participant, maintaining the mouth slightly open, was instructed to laterally shift the mandible a total of 6 time (e.g. left, right, left,
right, left, right); Item 5: Maximal opening of the tongue then closing 3 consecutive times


https://osdoc.cogsci.nl/
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and secure the data collection thus preventing the risk of data loss.
In addition, maximal mouth opening was measured once using a cal-
liper as recommended for both control participants and patients with
TMD;%° this measure was subsequently used for DC/TMD classifica-
tion of intra-articular temporomandibular disorders for patients.

2.9 | Samplesize

A moderate effect size was at least expected (i.e. Pearson correlation co-
efficient r = 0.4)* to evidence the concurrent validity between the gold-
standard KVIQ-10 and the TMIQ. Using this a priori hypothesis, statistical
significance threshold (5%) and power (80%), a total of 94 participants
was needed to be included in the study (i.e. 47 participants per group).

2.10 | Blinding

Because the questionnaire administration required active (either ac-
tual or imagined) movements of the participant and physiotherapist
examiner supervision, neither the participant nor the assessor were
blinded to the evaluation; therefore, physiotherapists assessed ex-
clusively participants of one group.

2.11 | Statistical methods

2.11.1 | Preparation

The total vividness scores of  MI, Ml and Ml were computed for each
participant and each questionnaire by summing the vividness scores
of respectively 10 items and 5 items (Ml and (Ml range: 5-25; MI
range: 10-50 respectively). The mean of the 10 pain scores with 95%
confidence intervals (,5,,Cl) were calculated for each participant for
the TMIQ-test and for -retest. Shapiro test analyses showed that viv-
idness scores of each group was normally distributed; parametric tests

were, therefore, subsequently used for the analyses.

2.11.2 | Concurrent validity

The concurrent validity of the TMIQ against the KVIQ-10 was inves-
tigated using the Pearson’s correlation test, separating groups and
MI modality (i.e. ,Ml and ,MI). In addition, differences in the total
vividness scores between the TMIQ-test and the KVIQ-10 were
evaluated for each group using the paired Student’s t test and re-
ported as mean difference and 4, Cl

2.11.3 | Test-retest reliability of the TMIQ

Difference in the vividness scores of | MI, (Ml and Ml of the TMIQ
between test and retest was investigated using the paired Student’s

t test. Then the test-retest reproducibility of the TMIQ was esti-
mated using intraclass correlation coefficients (ICCs) in a one-way
5%CI.33 ICC values <0.50 are indicative

of poor reliability, values between 0.50 and 0.75 indicate moder-

random effect model,32 with

ate reliability, values between 0.75 and 0.90 indicate good reliabil-
ity, and values >0.90 indicate excellent reliability.>* The test-retest
standard error of measurement (SEM) was calculated by multiplying
the standard deviation of the test results by the square root of one
minus the ICC (SEM = s, V/1 — ICC).3* These analyses were con-
ducted for each group on the total vividness scores of | MI, Ml and
MI;%* these analyses were repeated considering separately tongue
and mandible (i.e. respectively items 1-3 and 4&5). In addition, the
estimated components of variance related to participants, time and
random error were computed for each group from the analysis of
variance analyses testing the total vividness scores (for,Ml, Ml and

MI) using time and within-participants as factors.

2.11.4 | Internal consistency and factor analysis

The homogeneity of items composing the TMIQ was evaluated
using Cronbach’s a coefficient and 45, Cl; o > 0.75 were considered
as indicative of good reliability, and a > 0.90 as indicative of excel-
lent reliability.>* The corrected item-total correlations were com-
puted between the score of each item and the total score from the
questionnaire in which that item has been replaced by a rationally

5 correlation >0.30 evidence that all items correlate

equivalent item;3
with the total score, indicating a reliable questionnaire.36 The latent
structure of the TMIQ was assessed with the principal factor extrac-
tion technique using an oblique ‘oblimin’ rotation since the visual and
kinaesthetic factors were expected to correlate.>® Communalities
were computed, and these represent the proportion of variance ex-
plained by the extracted factors; item communality >0.40 is consid-
ered as acceptable.37 The X2 statistic was used to verify whether the

number of factors extracted was sufficient.3*

2.11.5 | Participants’ Ml ability

To investigate an effect of TMD on Ml ability, the mean \, Ml vivid-
ness score of the TMD group was compared to that of the control
group using the paired Student’s t test for each questionnaire (i.e.
KVIQ-10, TMIQ-test and TMIQ-retest); the analyses were also per-
formed for the (Ml vividness score. To investigate MI dominance,
the mean Ml vividness score were compared to the mean Ml vivid-
ness score using the paired Student’s t test and Pearson correlation
for each group and each questionnaire (i.e. KVIQ-10, TMIQ-test and
TMIQ-retest). Furthermore, exploratory analyses were conducted
computing for each category of the DC/TMD the mean and 4, Cl
(calculated from the mean) of the vividness scores; overlapping viv-
idness score ., Cl indicated no significant difference in Ml ability
between categories of the DC/TMD, therefore, suggesting no influ-
ence of the type of pain or the type of intra-articular disorder on Ml
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ability. We also investigated whether the ability to open the mouth
was related to Ml ability by computing separately for the control and
TMD groups Pearson’s’ correlation between maximal mouth open-

ing and vividness scores for | Ml, Ml of the TMIQ at test and retest.

2.11.6 | Pain while imagining
The median and 4, Cl (calculated from the Wilcoxon test) of the
occurrence of pain during the administration of the TMIQ was re-
ported for each group and the TMIQ-test and -retest. Pain scores
was compared between TMIQ-test and -retest for each group using
Wilcoxon test

All analyses were performed using R 3.5.3.52 Statistical signifi-

cance was set at 5% (p < 0.05).

3 | RESULTS

All 94 screened individuals gave the written informed consent at-
testing that they agreed to participate in the study and were subse-
quently included, and all participants completed the study. Inclusions
started September 26, 2018, and the study was completed on
December 31, 2019 (Figure 2). The mean, standard deviation (SD)
age of the TMD group (38 (16) years) was not significantly differ-
ent to that of the control group (38 (15) years, p = 0.99). The mean
(SD) interval between test and retest was significantly longer for pa-
tients with TMD (28 (13) days) than for control participants (12 (11)
days, p < 0.001). Accordingly to the DC/TMD, all patients reported
myalgia - local myalgia (n = 6, 13%), myofascial pain (n = 21, 45%),
myofascial pain with referral (n = 20, 23%); among the 47 patients
with TMD, 17 (36%) had no intra-articular disorder, 18 (38%) had a
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disc displacement with reduction, 10 (21%) had a disc displacement
without reduction and with limited opening, and 2 (4%) and a degen-

erative joint disease (Supplementary Table S1).

3.1 | Concurrent validity

All tested correlations between TMIQ-test and KVIQ-10 were sig-
nificant for both groups and modalities (all p < 0.0001). For the TMD
group, the correlation coefficient (r) were 0.72 for Ml and 0.80
for (MI; for the control group this was 0.81 for both Ml and (Ml
(Figure 3).

3.2 | Test-retest reliability of the TMIQ

There was no significant difference in the mean value of the TMIQ-
test and -retest vividness scores (all p > 0.05). The ICCs ranged
from 0.82 to 0.90 in the control group and from 0.75 to 0.82 in the
TMD group, indicating good reproducibility. ICCs of the items re-
ferring to the tongue were >0.75 for (Ml and MI for both control
and TMD groups, indicating good reproducibility; for Ml this was
also the case in the control group and was 0.72 in the TMD group,
indicating moderate reproducibility. For the control group the ICCs
of the items referring to the mandible were >0.75 for (Ml and M,
indicating good reproducibility, and 0.74 for \,MI, indicating moder-
ate reproducibility; for the TMD group the ICCs were 20.67 for Ml
and M, indicating moderate reproducibility and 0.45 for (Ml, indi-
cating poor reproducibility. The mean SEM of total vividness scores
was higher for the TMD than the control group for |Ml, Ml and
Ml either considering all items of the TMIQ or items referring to

the tongue or the mandible (Table 1). The estimated components of

Assessed for eligibility (n=94) |

Allocated to TMD group (n=47)
- with confirmed diagnosed of TMD (n=47)
- during the course of the rehabilitation in Saint
Alexandre private practice (n=47)

.
Allocated to control group (n=47)
- with no diagnosis of TMD (n=47)

private practice.

Measures of the KVIQ-10 and TMIQ (n=47) -
- Under supervision of PT of Saint Alexandre

~ Measures of the KVIQ-10 and TMIQ (n=47)
- Under supervision of PT independent of Saint
Alexandre private practice.

private practice.

Measure of the TMIQ (n=47)
- Under supervision of PT of Saint Alexandre

Measure of the TMIQ (n=47)
- Under supervision of PT independent of Saint
Alexandre private practice.

FIGURE 2 Flow chart detailing the

A 4

A4

enrolment, allocation, test, retest and
analysis of the TMIQ study. n: number of
participants

Analysed (n=47)
* Excluded from analysis (n=0)

Analysed (n=47)
* Excluded from analysis (n=0)




ALVARADO ET AL.

386
* | wiLEy- e —

Patients with TMD

25 r=0.72 [0.55-0.84], R>=0.51, * ok 25
t(45=6.98, p<0.0001

[N]

=]
[N]
=]

KVIQ total score of yMI vividness
5
o

KVIQ total score of xMI vividness
>

1=0.80 [0.67-0.89], R2=0.64,
t45,=9.07, p<0.0001

FIGURE 3 Concurrent validity of

the TMIQ against the KVIQ-10 for
participants with TMD (upper panel)

and healthy participants (lower panel)
separating visual and kinaesthetic motor
imagery (left and right panels respectively)

15 20 25
TMIQ total score of yMI vividness

TMIQ total score of kMI vividness

Control participants

25 r=0.81 [0.68-0.89], R2=0.65, ik 25

t@s=9.25, p<0.0001 tus=10.95, p<0.0001

[N
=]

20

KVIQ total score of yMI vividness
KVIQ total score of ¢MI vividness
&

1=0.81 [0.75-0.92], R?=0.72,

5 10 15 20 25 10
TMIQ total score of yMI vividness

TMIQ total score of kMI vividness

15 20 25

variances due to participants, time and random error were higher for
the TMD group as compared to the control group (Table 2).

3.3 | Internal consistency and factor analysis

The Cronbach a values were 0.94 ,.,,Cl1[0.91; 0.97] for ,MI, and 0.96
954,C1[0.94; 0.98] for (Ml of the control group; these were 0.94 ., Cl
[0.91; 0.96] for Ml and 0.94 ,Cl [0.91; 0.96] for (Ml of the TMD
group indicating excellent reliability. All corrected item-total correla-
tion were >0.3 for the control group (range: 0.60 to 0.80) and for the
TMD group (range: 0.50 to 0.83), indicating a reliable questionnaire.
Two factors were extracted and explained 65% of the total variance.
These 2 factors were sufficient, as confirmed by the XZ statistic
(X2(26) = 611.1, p < 0.001). All the kinaesthetic items were explained
by the first factor, and all the remaining visual items were explained
by the second factor. Communalities ranged between 0.46 and 0.78
indicating that the proportion of variance explained by the extracted
factors was acceptable. The correlation coefficient between the two
factors was 0.51 (Table 3).

3.4 | Participants Ml ability

Participants of the TMD group had significantly lower mean (SD)
«MI vividness scores (13.2 (4.7)) compared to control group for

the KVIQ-10 (16.6 (5.2); p = 0.001); for the TMIQ-test (13.6 (4.6)
vs. 17.1(4.8); p < 0.001); and TMIQ-retest (14.1 (5.0) vs. 16.9 (4.5);
p = 0.003); there was no significant difference between the mean
yMl vividness scores of the control and TMD groups (all p > 0.05).
For the TMD group, the mean (SD) , Ml vividness score (15.6 (5.6))
was significantly higher than the (Ml vividness score for KVIQ-10
(13.2 (4.7); p < 0.01); for the TMIQ-test (16.2 (5.0) vs. 13.6 (4.6);
p = 0.001); and TMIQ-retest (16.8 (4.7) vs. 14.1 (5.0); p < 0.0001);
for the control group there was no significant difference in these
comparisons (all p > 0.05). There was a significant correlation of | Ml
and (Ml vividness scores for both groups and all questionnaires (all
p < 0.002; Figure 4). Furthermore, all 955,Cl of the vividness scores
overlapped indicating no significant difference, thus suggesting no
effect of the DC/TMD category on Ml ability (Table S1). There was
also no significant correlation between maximal mouth opening and
vividness scores at both TMIQ-test and -retest suggesting that Ml
ability was independent of the capacity of maximal mouth opening
for either control participants and patients with TMD (see Figure S1
and Figure S2).

3.5 | Pain while imagining

No participant of the control group reported pain while imagin-
ing movements of the temporomandibular region (for both TMIQ-
test and -retest median = 0.0, 4, Cl [0.0; 0.0]). Patients with TMD
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TABLE 1 Test-retest reliability of the TMIQ and of its parts in the control and temporomandibular disorder groups

Control group (n = 47)

TMD group (n = 47)

M1t Mt MI2 WMt MI MI?
TMIQ-test® 17.3+4.1 171+ 4.8 344476 16.2£5.0 13.6 +4.6 29.9 +8.3
TMIQ-retest® 174 + 4.5 16.9 + 4.5 34.3+78 16.8 +4.7 141 +5.0 309 +8.7
p* 0.78 0.60 0.90 0.21 0.40 0.19
TMIQ, jreme ICC° 0.82[0.72;0.89]  0.89[0.83;0.93]  0.90[0.84;0.94]  0.79[0.68;0.87]  0.75[0.62;0.84]  0.82[0.72;0.88]
TMIQ,) j1eme SEM® 1.75[1.39.2.17]  1.57[1.24;1.97]  2.39[1.89;3.00]  2.27[1.81;2.80]  2.31[1.85;2.83]  3.59 [2.86; 4.45]
T™MIQ,,. . 1.5 ICC° 0.77[0.65;0.85]  0.83[0.74;0.89]  0.87[0.80;0.92]  0.72[0.58;0.82]  0.76[0.64;0.85]  0.80[0.69; 0.87]
TMIQ; 1.5 SEM®  1.27[1.02;1.56]  1.24[0.98;1.54]  2.4[1.92.2.97] 1.62[1.30;1.98]  1.55[1.25;1.91]  2.40[1.92; 2.97]
TMIQ,,, ¢ 4.5 ICC° 0.74[0.60;0.83]  0.79[0.69;0.87]  0.84[0.75;0.90]  0.67[0.52;0.79]  0.45[0.23;0.62]  0.68[0.52;0.79]
TMIQ; e a5 SEM®  091[073;1.11]  0.87[0.69;1.07]  1.96[1.59;2.38]  1.30[1.05;1.58]  1.38[1.15;1.63]  1.96[1.59; 2.38]

TMIQ—Tongue and Mouth Imagery Questionnaire; n—number of participants.

Ytotal vividness score is 25.

2total vividness score is 25.

Svalues are expressed in mean + SD.
“p of the paired Student’s t test.

SIntraclass Correlation Coefficients (ICCs) are computed using a one-way random effect model (with the R software) 32 and expressed in coefficient

and 95% confidence interval.

Standardised error of the Measure (SEMs) are expressed in mean and 95% confidence interval; ' items 1 to 3 of the TMIQ refers to the tongue; '

items 4 and 5 of the TMIQ refers to the mandible.

TABLE 2 Estimated components of variance for the analysis of
variance for the TMIQ for the | MI, (Ml and Ml vividness scores in
the control and temporomandibular disorder groups

Control group (n = 47) TMD group (n = 47)

Ml Ml Ml Ml Ml MI?

A% K
O particpants 3337 40.87 1124 423 3995 1317
Ziime 027 0468 010 776 426 235
o 338 238 599 482 578 132

random error

A K

Notes: TMD: Temporomandibular Disorder; n: number of participants;

o2 variance (mean square error) due to participants, time and random

error.

reported a significantly higher mean pain in the TM region as com-
pared to control at both TMIQ-test and -retest (respectively, me-
dian = 0.9 ,,Cl [0.7; 1.2] and median = 0.8 4, Cl [0.6; 0.9]) but
comparison between TMIQ-test and -retest was non-significant
(W = 2448, p =0.05).

4 | DISCUSSION

The present study found that the TMIQ is a valid MI questionnaire;
the absence of significant difference in vividness scores between the
TMIQand the KVIQ-10 along with the significant correlation between
the vividness score of these 2 questionnaires for both groups con-
firmed the concurrent validity of the TMIQ. Furthermore, the test-
retest analyses indicated both that there was no significant difference
in vividness scores between TMIQ-test -retest, and ICC scores were
all >0.75, which indicated good reliability. The TMIQ showed a better

reliability than the Movement Imagery Question (second revised ver-
sion; MIQ-RS), which had only moderate reliability;28 but comparable
reliability to the KVIQ-10 that also had good reliability.?* Similarly,
the correlation between TMIQ and KVIQ-10 (r > 0.72 for Ml and
0.80 for (Ml) was greater than that between Vividness of Movement
Imagery Questionnaire (VMIQ-2) and VMIQ (r = 0.65 for Ml and
r=0.73 for KMI).23 Taken together, this suggests that questionnaires
investigating MI vividness using simpler single-joint movements (i.e.
KVIQ-10 for the head, trunk and limbs, and TMIQ for the TM region)
are more reliable as compared to questionnaires using more complex
and goal-directed movements (i.e. the MIQ and VMIQ-2). The high
Cronbach a values of the TMIQ confirmed the internal consistency of
this questionnaire. Again, the TMIQ had better internal consistency
than both the MIQ-RS (a = 0.87 for , Ml and 0.90 for MI)*® and the
KVIQ-10 (a = 0.89 for ,MI and 0.87 for (MI);** only the KVIQ-20
(@ = 0.94 for Ml and 0.92 for MI}** and the VMIQ-2 (« = 0.95 for
yMl and 0.93 for KMI)23 had internal consistency comparable to the
TMIQ. Taken together, the results support the use of the TMIQ to
reliably assess Ml vividness of imagined movements of the TM region
in both healthy persons and patients with TMD.

The factor analysis confirmed the bifactorial structure of the
TMIQ, which indicates that the TMIQ assesses separately 2 dimen-
sions of MI, namely the Ml and ,Ml. This is consistent with previous
reports evidencing the bifactorial structure of other questionnaires
(MIQ-RS,?® KVIQ-10,%* and VMIQ-2%3), and hence, imagining move-
ments of the TM region is similar in this regard to imagining move-
ments of the rest of the body. This suggests a ‘general’ Ml ability that
is not specifically related to certain body parts.

The present study has several clinical implications. (i) Imagining
movement of the TM region did not increase pain for patients with
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Pattern matrix

TABLE 3 Principal factors solution with

Structure matrix oblique (‘oblimin’) rotation of the TMIQ

TMIQ-10 items Factor 1 Factor 2 Factor 1 Factor 2 Communality
IltemlV 0.67 0.35 0.68 0.46
Item2 V 0.85 0.33 0.80 0.65
ltem3V 0.69 0.47 0.75 0.58
Item4 V 0.81 0.52 0.87 0.76
Item5 V 0.75 0.33 0.72 0.53
Item1 K 0.80 0.85 0.50 0.73
Item2 K 0.91 0.88 0.40 0.78
Item3 K 0.84 0.84 0.43 0.71
Item4 K 0.85 0.82 0.37 0.68
Item5 K 0.70 0.78 0.51 0.63

Notes: Data of 94 participants was used for the principal factor extraction technique; Proportion of
variance explained was 35% and 30% for Factor 1 and 2, respectively. The correlation coefficient
between Factors 1 and 2 was 0.51.

Patients with TMD
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= P * . ; * .
¢ x x4 g * * * g s
EZO L’ £20 * * L’ Ezo * * * -
= * . = * kK. = * *  * . *
- * * * ok kLT K = * kK SOx s * ok * ¥
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Control participants
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FIGURE 4 Motor imagery (MIl) dominance evidenced by correlation between total vividness score of visual and Kinaesthetic Ml for
participants with TMD (upper panel) and healthy control participants (lower panel) for respectively KVIQ-10 (left), TMIQ-test (centre) and
TMIQ-retest (right)

TMD, conversely to a previous report that found a transient increase a previous report of individual differences in Ml experience, and
in pain (lasting 1 h) after Ml practice;*® this suggests the safety of suggests that one can use at least Ml of the TM region during the
rehabilitation of patients with TMD. (iii) Although TMD could be re-

sponsible for a decrease in (Ml ability, there is evidence indicating

using explicit Ml in these individuals. (ii) Patients with TMD showed
similar Ml ability but significantly lower (Ml ability as compared to
healthy controls, and only patients with TMD exhibited a ,MI dom- that (Ml vividness could be improved both during and after Ml prac-

inance with significantly lower (Ml ability. This is consistent with tice for individuals with tetraplegia and stroke.*>* Therefore, one
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can also use (Ml in patients with TMD expecting (Ml improvement
in response to its practice. (iv) Regarding the administration of the
TMIQ, one should start with Ml and continue with (Ml as it has
been described in this study, and as it has been previously recom-
mended for the KVIQ-10.2* (v) In absence of causal relationship be-
tween the ability to open the mouth and Ml ability evidenced in the
present study and in line with recent recommendations of using Ml
as a brain training technique during TMD rehabilitation,” one would
expect an improvement TM joint active range of motion (i.e. there-
fore restauration of normal mouth opening) and decrease in pain
that is consistent with previous evidence in chronic musculoskeletal
pain conditions.*1#?

Among the limitations of the present study, there is a possible
risk of evaluation bias that can be considered as low since the ex-
aminers independently assessed the groups and used a software
for recording the vividness scores, thus preventing any further
manipulation of the data. In addition, a significantly greater test-
retest interval in the TMD group along with measuring Ml abil-
ity during rehabilitation (in the TMD group) could be sources of
greater variation as compared to the control group. However, the
risk of possible confounding effect of concomitant rehabilitation
on the motor ability of patients with TMD appears limited since
practice is more likely to be insufficient to elicit change. For exam-
ple, a total of 15 motor imagery sessions scheduled over 5 weeks
and representing 675 minutes of practice has been documented
to improve Ml ability in patient with tetraplegia.® Finally, explor-
atory analyses evidenced no effect of the DC/TMD classification
(for pain and intra-articular joint disorders), which suggests that
the results may be generalisable to the population of patients with
TMD. Nevertheless, future studies should confirm these results
and investigate the effect of higher level of pain (>1/10) on ex-
plicit MI ability in patients with TMD since a previous study that
investigated a laterality judgement task of rotated image of the
hand, foot or head found that patients with TMD and pain (mean
3.9/10) had a decreased implicit Ml ability as compared to healthy
participants.*®

5 | CONCLUSIONS

TMIQis avalid and reproducible motor imagery questionnaire showing
excellent internal consistency. Given its good psychometric proper-
ties, the TMIQ can be used to specifically assess imagined movements
of the TM region in healthy individuals and patients with TMD.

6 | LIST OF ABBREVIATION

TMIQ—Tongue and Mouth TMD—

temporomandibular disorders; KVIQ-10—Kinaesthetic and Visual

Imagery Questionnaire;

Imagery Questionnaire, 10 items; MI—motor imagery; , Ml—visual
MI; (Ml—=kinesthetic MI; ICC—intraclass correlation coefficient; DC/

TMD—diagnostic criteria for the temporomandibular disorders.
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