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1 | INTRODUCTION

Temporomandibular disorders (TMDs) are conditions involving the
temporomandibular joints (TMJs), the masticatory muscles or both
and are characterised by musculoskeletal pain and limitations in
functional movement.! The aetiology is multifactorial, and oral be-
haviours (OB), including physiological and non-physiological func-
tions of the masticatory system, are considered contributing factors
to the onset and persistence of painful TMDs.%™ Physiological OB
include mastication, communication, swallowing and breathing.é'8
Non-physiological OB include bruxism (i.e., masticatory muscle ac-
tivities occurring during sleep and/or during wakefulness) and other
waking-state oral behaviours (waking OB) (e.g., excursive position-
ing, gum chewing, object biting and tongue pushing).” !

Self-reports (questionnaires or checklists) completed by patients are
often used to detect OB.'12 Among them, the Oral Behavior Checklist
(OBC)* is a valid instrument quantifying the frequency of OB. OB have
been suggested to cause overload and microtrauma to the masticatory
system,** although this remains poorly understood and investigated. For
example, using similar instruments for OB assessment in cross-sectional
comparison between healthy controls and chronic painful TMD, both no
association®® and strong associations'* are reported. Yet, OB have been
clearly identified as a risk factor for the development of painful TMD.*

Some of the items in the OBC reflect behaviours, such as singing,
readily considered as appropriate functions of the masticatory system,
whereas other items reflect behaviours, such as routine bracing the jaw,
also readily considered as non-functional uses of the masticatory sys-
tem. In addition, distinct waking OB may have different mechanisms
of action on the masticatory muscles and TMJ.2¢-2* Consequently, the
items within the OBC should be questioned for their purpose in iden-
tifying clinically relevant behaviours. For example, what is a normal (or
physiological) behaviour versus a parafunctional (non-physiological) be-
haviour? Or, are all such behaviours ‘parafunctional’ when performed to
a high extent? These distinctions might underlie an association between
different kinds of waking OB and different TMD subgroups.

The aims of this study were as follows: (1) to assess the mean score
of a 19-item version of OBC for waking OB in Non-TMD versus TMD,
and among TMD subgroups, (2) to develop new scoring methods for
the OBC based on item analysis and (3) to assess the association be-
tween subscales of waking OB and Non-TMD, TMD, and TMD sub-
groups. In summary, our hypothesis is that the large range of waking
OB identified by the OBC may be indicators of a few underlying types
of waking OB. Their association with different TMD subgroups may
improve our understanding of the potential causal contribution of OB

to TMD onset and chronicity as well as better direct treatment.

2 | MATERIALS AND METHODS
2.1 | Study participants

In this cross-sectional study, the sample was selected from among

785 consecutive patients referred to the Dental Clinic of the

T\ EY
University of Naples ‘Federico II’ for a TMD consultation, from May
2015 to May 2017. The DC/TMD Axis | and Axis Il assessment in-
struments were administered using the Italian translation??; for this
study, the Symptom Questionnaire and the OBC were used. The
Symptom Questionnaire assesses facial pain symptoms and TMJ
symptoms over the prior 30 days. Patients 218 years old with a TMD
diagnosis according to the Diagnostic Criteria for TMD (DC/TMD)!
were eligible as TMD cases; examiners calibrated for DC/TMD as-
sessed clinical records in order to confirm inclusion.® Patients with
trigeminal neuralgia, fibromyalgia, burning mouth syndrome, atypical
facial pain, atypical odontalgia, migraine, cervical pain and/or neuro-
pathic pain were excluded. A Non-TMD group as controls, age- and
sex-matched to a TMD case, was recruited from individuals accom-
panying dental clinic patients within a month after identifying each
case, and recruitment was based on absence of a TMD. Potential
controls were screened for signs and symptoms of TMD using the
Symptom Questionnaire and were selected if they answered nega-
tively to all items. The local ethics committee approved the study
protocol (no. 48/18), and participants signed an informed consent.

2.2 | TMD subgroups

Temporomandibular disorder cases were assigned to subgroups on the
basis of pain (presence or absence; Symptom Questionnaire Q1) and
TMJ-dysfunction (presence or absence of clicking and locking; Symptom
Questionnaire Q8-Q14). Three subgroups were created: (1) participants
without TMD-pain and affected only by TMD-dysfunction (Dysfunctional-
TMD); (2) participants with TMD-pain (including myalgia, arthralgia or
both) and without TMD-dysfunction (Painful-TMD); and (3) participants
with both TMD-pain and TMD-dysfunction (Painful-Dysfunctional TMD).
The controls were negative for both pain and dysfunction problems.

2.3 | Assessment of waking-state oral behaviours

The OBCis a self-reported 21-item questionnaire that quantifies the
frequency of OB performed during the preceding month. The instru-
ment as a whole is considered reliable; moreover, it appears valid for
evaluating waking OB.”13:23:24

For the purpose of this investigation, the first two questions,
assessing sleep-related OB, were excluded from the analysis.
Response options of the remaining items assessing waking OB range
from O (none of the time) to 4 (all the time); the mean score of OBC
(OBC-MS), obtained by summing the scores and dividing by the num-
ber of item in analysis (19 items), was an index of each participant's

self-assessment of the extent of waking-state OB.?°

2.4 | Statistical analysis

Group sample sizes of 350 controls and 350 TMD cases have 80%

power to detect a small effect size (0.2) in OBC-MS, considering
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equal group standard deviation and a significance level (alpha) of
0.05. Continuous variables were reported as means and standard
deviations or median and interquartile range (IQR), depending on
the variable's distribution.

For a better interpretation of specific behaviours of the OBC-MS,
we used exploratory factor analysis (EFA) to reduce the data set and
to identify latent factors that underlie observed variables. The data
set was randomly split into a discovery data set for the EFA (two-
thirds of total; n = 495) and a validation data set for the confirmatory
factor analysis (CFA) (one-third of total; n = 248). Since the items in
the OBC use ordinal responses, the polychoric covariance matrix and
varimax rotation of factor loadings were used to estimate the pre-
sumed underlying latent trait. Items with factor loadings <0.45 were
dropped. Factors with an eigenvalue greater than 1.0 and able to
collectively explain more than 50% of the variability were retained
and determined the number of factors in conjunction with reference
to the scree plot.

To test whether the hypothesised factor structure represented
a good fit to the data, the CFA provided the following statisti-
cal measures (and associated critical values): maximum likelihood
chi-square/degrees of freedom (y2/df; p-value > .05), root mean
square error of approximation (RMSEA < 0.08), Tucker-Lewis index
(TLI > 0.9), comparative fit index (CFl = 0.9) and standardised root
mean square error (SRMR < 0.08). Furthermore, modification indices
and any additional paths were assessed. Modification indices sug-
gest links to change in the model structure, and that new parameters
should be added to the model, usually to covary error terms that are
part of the same factor.

The Shapiro-Wilk test was used to evaluate for normal distribu-
tion of data. The t-test was used to analyse differences in OBC-MS
between Non-TMD and TMD participants (combining all three case
groups). Differences among the Non-TMD group and TMD sub-
groups (in OBC-MS and in any OBC factor scores) were estimated
using one-way ANOVA, followed by Tukey post hoc tests. A p-
value < .05 was defined statistically significant. All statistical analy-

ses were performed using Stata version 14 (Stata Corp.).

Total sample
n=785

3 | RESULTS

Out of 785 consecutive patients screened, 416 were excluded due to
failure to meet selection criteria. The final TMD group included 369
patients who were assigned to 3 subgroups. The Non-TMD group
included 374 subjects (Figure 1).

The OBC-MS did not differ in the simple contrast between
TMD (mean + SD = 1.04 + 0.6) and Non-TMD groups (1.11 + 0.5)
(p = 0.13) (Figure 2A). Yet, the OBC-MS differed when considering
the three TMD subgroups and the Non-TMD group (F(3,739) = 9.41;
p < .0001). Post hoc pair-wise comparisons indicated that the mean
score in each of Non-TMD (1.11 + 0.5), Painful-TMD (1.13 + 0.6) and
Painful-Dysfunctional TMD participants (1.07 + 0.6) was signifi-
cantly higher as compared to the Dysfunctional-TMD participants
(0.76 + 0.5) (p < .001) (Figure 2B). The OBC-MS did not differ be-
tween Non-TMD, Painful-TMD and Painful-Dysfunctional TMD
subgroups (p > .8) (Figure 2B). Post hoc pair-wise comparisons in-
dicated that the mean score in each of the Non-TMD, Painful-TMD
and Painful-Dysfunctional TMD participants was significantly higher
as compared to the Dysfunctional-TMD participants (p < .001)
(Figure 2B).

Two factors were identified from the EFA (Figure 3; Table 1). The
first factor, non-functional activities (NFA), included 6 items (items 3,
4,5, 6,7 and 11) representing non-functional oral activities, such as
clenching, grinding or holding. The second factor, functional activi-
ties (FA), included 6 items (items 12, 13, 17, 18, 19 and 20) represent-
ing activities related to normal jaw function, such as chewing, talking
and yawning. Items 14, 15, 16 and 21 had factor loadings <0.45 and
were excluded (Table 1). Items 8, 9 and 10 exhibited ambiguous fit
within the factor structure and were also excluded (Figure 3).

The confirmatory factor analysis (Figure S1A) revealed an ade-
quate fit to the model (Table S1). In addition, modification indices
analysis with additional path specification (between error terms)
definitely improved the model fit (Figure S1B; Table S1). The discov-
ery and validation data sets used in EFA and CFA are described in
Table S2.

Subjects excluded
n=416

* No DC/TMD diagnosis

* Did not meet all inclusion criteria

FIGURE 1 Sample description. Sample
recruitment and division in groups:
Non-TMD group and TMD group. TMD
group has subsequently been divided

into 3 subgroups: Dysfunctional-TMD,

Non-TMD group TMD group
n=374;104 M and 270 F n=369; 102 M and 267 F
mean age+SD = 37.1+15.9 38.0+16.4 yrs
CPI=0 CPI>0 CPI>0
Dysfunctional-TMD Painful-TMD Painful-Dysfunctional
Group Group TMD Group
n=70; 19 M and 51 F n=204;59 M and 145 F n=95;24Mand 71F
40.2+16.4 yrs 36.2£15.9 yrs 40.13£17.3 yrs
Dysfunction, no pain No Dysfunction, pain Dysfunction, pain

Painful-TMD and Painful-Dysfunctional

TMD group
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FIGURE 2 Descriptive comparison (A) (B)
of OBC mean score. OBC-MS (mean 4- 4-
score) comparison between Non-TMD '\\X\,W6 e o® o © 1Q)x\«“‘ﬁ N +0° A
and TMD group (Figure 2A) and among 34 A N . 34 N o N . A
subgroups Non-TMD, Dysfunctional-TMD, [] .
Painful-TMD and Painful-Dysfunctional UEI’ 2. — T g 2
TMD (Figure 2B). Box and whisker plots g 8
were used in both panels. Box describes O 4 o 4
median and interquartile range, whiskers
represent 2.5 and 97.5 percentiles of 04 0-
distribution, and points describe outliers. . . . . . .
The mean value was indicated by the &@0 &@0 /\@0 &QO &§ «@Q
symbol ‘+'. The mean and standard %O« eo«\' 'o(@’ .<‘x\°\ Q,z}
deviation values for each group and ro}‘ Q® {\e}\o
subgroup were reported O‘é\ o*éo
N
&
0.8 The mean total score of FA was different among the TMD sub-
_____ NFA groups and the Non-TMD group (F(3, 491) = 23.75; p < .0001). In
— FA particular, the total FA scores in the Painful-TMD subgroup, the
®10 Dysfunctional-TMD group and the Painful-Dysfunctional TMD
o0 subgroup were lower than in the Non-TMD group. The total FA
5 score in the Painful-TMD subgroup was higher compared to the
Dysfunctional-TMD subgroup (p < .001), but was not higher
- ".‘_;:,-5 ____ \\ compared to the Painful-Dysfunctional TMD subgroup (p = .22)
0.0- '\\\ . i:"}j (Figure 4B).
1 ) L) L] 1
0.0 0.2 0.4 0.6 0.8 4 | DISCUSSION

Factor 1

FIGURE 3 Scatterplot of EFA loadings. Scatterplot of
exploratory factor analysis (EFA) loading of OBC items related to
diurnal oral behaviours. On x-axis and y-axis, loadings are shown
for factor 1 and factor 2. Numerals in the plot space refer to item
numbers (see Table 1 for clarification). Circles with different line
drawing represent OBC new scale (NFA and FA, see methods and
results). Dotted line represents loading factor <0.45. The two
identified factors represent a clean structure with, considering the
exploratory nature of this analysis, an acceptable/good consistency
(Cronbach's alpha: 0.68 for FA and 0.81 for NFA)

The NFA subscale was higher (p < .001) in the TMD group
(mean + SD = 1.09 + 0.9) compared to the Non-TMD group. In con-
trast, FA scores were higher (p < .001) in the Non-TMD group com-
pared to the TMD group (1.15 + 0.7). Differences in NFA subscale
scores were observed among the TMD subgroups and the Non-TMD
group (F(3,491) = 15.1; p < 0.0001). In particular, the total NFA scores
in the Painful-TMD subgroup and the Painful-Dysfunctional TMD
subgroup were higher compared to the Non-TMD group and the
Dysfunctional-TMD subgroup; these differences were significant for
the Painful-TMD subgroup and for the Painful-Dysfunctional TMD
versus Non-TMD group comparison (both p < .001) as well as for the
Painful-TMD subgroup against the Dysfunctional-TMD subgroup
(p =.034). The total score of NFA did not differ between Painful-TMD
and Painful-Dysfunctional TMD subgroups (p = .89) (Figure 4A).

In summary, main findings of the present study were as follows:
(1) OBC-MS did not differ between TMDs of all types and non-
TMD participants, yet OBC-MS was lower in Dysfunctional-TMD
participants compared to Non-TMD, Painful-TMD and Painful-
Dysfunctional TMD participants; (2) the OBC can be improved via
careful partitioning of about half of the items into two contrasting
constructs and discarding the remainder of the items for routine
use; (3) OBC subscale scores representing non-functional activity
(NFA) were higher in Painful-TMD and Painful-Dysfunctional TMD
groups; and (4) OBC subscale scores representing normal func-
tional activities (FA) were lower in TMDs of all types versus the
Non-TMD group.

The lack of a significant difference of the OBC-MS between the
TMD and Non-TMD groups is in contrast to a lot of studies, showing
that extensive OB were more common among TMD patients than
among non-TMD individuals.}*2%?7 |n perhaps the largest study of
this type and with potentially the strongest design with regard to
assessing the distribution of OBC scores in non—cases,4 non-cases
of TMD who later developed a painful TMD had higher OBC scores
at enrolment. These discrepancies in the OBC mean score patterns,
comparing TMD cases and non-cases, can also be attributed to the
methods used (e.g., electromyography, self-reports), to the sampling
variation and to the type of OB measured (e.g., waking-state bruxism
or other OB).
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TABLE 1 Exploratory factor analysis of OBC items
Items Description of items Factor 1 Factor 2
OBC_3 Grind teeth together during waking hours 0.72
OBC_4 Clench teeth together during waking hours 0.78
OBC_5 Press, touch or hold teeth together other than while eating (that is, contact between upper and 0.68
lower teeth)
OBC_6 Hold, tighten or tense muscles without clenching or bringing teeth together 0.68
OBC_7 Hold or jut jaw forward or to the side 0.61
OBC_8 Press tongue forcibly against teeth 0.48
OBC_9 Place tongue between teeth 0.46
OBC_10 Bite, chew or play with your tongue, cheeks or lips 0.55
OBC_11 Hold jaw in rigid or tense position, such as to brace or protect the jaw. 0.62
OBC_12 Hold between the teeth or bite objects such as hair, pipe, pencil, pens, fingers and fingernails 0.54
OBC_13 Use chewing gum 0.50
OBC_14 Play musical instrument that involves use of mouth or jaw (e.g., woodwind, brass, string
instruments)
OBC_15 Lean with your hand on the jaw, such as cupping or resting the chin in the hand
OBC_16 Chew food on one side only
OBC_17 Eating between meals (i.e., food that requires chewing) 0.51
OBC_18 Sustained talking (e.g., teaching, sales, customer service). 0.49
OBC_19 Singing 0.57
OBC_20 Yawning 0.57
OBC_21 Hold telephone between your head and shoulders
Eigen 4.4 1.8
Cumulative 47% 82%
percentage

Note: OBC items in analysis are related to waking oral behaviours. The exploratory factor analysis (EFA) is based on polychoric correlation matrix and
varimax rotation of factor loadings. Items with a loading factor lower than 0.45 were omitted and not listed. The last two rows represent eigenvalue,
and cumulative percentage of factors 1 and 2 is reported at the bottom of the table.

The finding that Dysfunctional-TMD subgroup presented a sig-
nificantly lower OBC-MS than Non-TMD, Painful-TMD and Painful-
Dysfunctional TMD subgroups is consistent with one study where
most non-pain controls with TMJ-dysfunction reported no clench-
ing and less frequent biting of the lips or mouth than non-pain
controls with no joint dysfunction assessed using a non-validated
oral habits survey.?® Our result is consistent also with a more re-
cent research in which individuals with non-painful TMD diagnosis
reported a significantly lower frequency of OB, according to the
OBC, compared to individuals with painful TMD and/or TMD-free
individuals TMD.*?

The lack of difference of OBC-MS between Non-TMD, Painful-
TMD and Painful-Dysfunctional TMD subgroups is in contrast with a
previous study, in which individuals with myofascial pain exhibited a
greater frequency of daytime clenching episodes, as measured with
sEMG, and reported higher OBC scores compared to TMD-free in-
dividuals.?? However, the higher OB score can be explained by the
non-representative sample that only included younger females with
higher pain intensity.

Due to these contradictory findings from prior studies, in-

cluding our own, we investigated how the extent of OB was being

computed; we used EFA/CFA to create a revised version of the OBC
which included two factors: non-functional and functional activities.
The NFA (i.e., clenching/ grinding teeth, or holding teeth together/
muscles/or jaw in a rigid position during waking hours) were signifi-
cantly more frequent in patients affected from all types of TMD
compared to TMD-free subjects. On the contrary, FA (i.e., chewing,
talking and yawning) were more frequent in controls compared to all
types of TMD cases. This agrees with several studies where patients
with TMD reported more detrimental OB, such as diurnal clenching/
grinding compared to individuals free from TMD that, on the con-
trary, may execute mainly normal movements of thejaw.so’32

Four items had a loading factor lower than 0.45 and could not be
circumscribed in a clearly defined clinical group. In particular, ‘play
musical instruments’ is related to a restricted group of people; ‘hold
telephone between your head and shoulders’ is rarely encountered
nowadays given the wide diffusion of cell phones and computers;
and ‘lean with your hand on the jaw’ and ‘chew food on one side only’
are common among people and may not be considered parafunc-
tions. ‘Press tongue against teeth’, ‘place tongue between teeth’ and
‘bite, chew or play with your tongue, cheeks or lips’ were excluded
because they did not fit either NFA or FA.



DONNARUMMA ET AL.
(A) 0.68 +/- 0.6 0.8+-1.02 1.18+/-0.9 1.09 +-0.8
4 - - )
[ J
[ J
3
24
m
4
1 -
04
1 1 1 1
QO O O O
& &S
®) 2 . 5\0 Q
‘é‘ é§p Q$> é§§>
N N
Q N
O
)
(B) 4- 1.6 +/-0.7 0.79 +/-0.6 1.28 +/-0.8 1.09 +/-0.5
[ J

+—HlH
-
-
-

QO QO QO QO
Q:g@ \,\@ &&Q \&@

, $\ ,b

eo ;\\O({b Q!b\.‘(\ c‘;\\'o(\
& S
S &

¥ o
&
Q‘b\

FIGURE 4 Descriptive comparison of OBC new scale.
Comparison of NFA (non-functional activities) (Figure 4A) and

FA (functional activities) factors (Figure 4B) in Non-TMD and in
TMD subgroups (Dysfunctional-TMD, Painful-TMD and Painful-
Dysfunctional TMD). Box describes median and interquartile
range, whiskers represent 2.5 and 97.5 percentiles of distribution,
and points describe outliers. The mean value was indicated by the
symbol ‘+'. The mean and standard deviation values for each group
and subgroup were reported

When considering TMD subgroups, the NFA score was higher in
subjects with pain related to TMD, whereas the FA score was lower

in subjects with TMD as compared to Non-TMD subjects.
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In particular, NFA were present more frequently in patients re-
porting only TMD-pain or both TMD-pain and TMD-dysfunction
than in individuals who were either without any TMD or who only
reported TMJ-dysfunction. Similarly, in a previous study, Painful-
TMD patients showed significantly more frequent and more intense
teeth contact and tension in the jaw and face than controls and sub-
jects presenting only disc displacement.33 In particular, OB, such as
tooth clenching, biting objects and bracing the jaw, have been con-
sidered risk factors for the development of myofascial pain.?

The FA scores in the Painful-TMD, Dysfunctional-TMD and
Painful-Dysfunctional TMD subjects were lower than in Non-TMD
subjects, indicating that individuals affected by either TMD-Pain
and TMJ-dysfunction performed functional oral activities at a sig-
nificantly lower frequency. This finding may reflect the impact that
pain has on normal function, as proposed in both pain adaptation
model and models of kinesiophobia. The pain adaptation model
proposes that the pain causes changes in muscle activity that limit
movement and protect the motor system from further injury and
thereby promote healing.34 Therefore, it might explain why Painful-
TMD patients reported a lower frequency of FA. On the other hand,
dysfunctional patients could intentionally avoid certain movements
provoking discomfort, because they might be afraid of worsening
their health condition, a phenomenon that is called kinesiophobia.*®
The strengths of the present investigation are that the assessment of
waking OB frequency was conducted through a validated question-
naire (OBC), TMD diagnosis was obtained through a standardised
clinical assessment (DC/TMD), and the sample was large, represen-
tative for heterogeneity and well-defined. From a statistical perspec-
tive, the data set was large enough to allow us to split the sample and
allow a CFA to fully confirm the model explored with EFA.

A limitation is that the present study was conducted on a sample
of patients attending the local dental Clinic for a TMD consultation
and may be not representative of the general population; the same
must be said for the non-cases serving as controls. The small dif-
ference in OBC-MS between cases and non-cases may reflect the
sampling distribution as confirmed by a further analysis that we
conducted by considering data reported by Ohrbach et al. 2011
(Table S3). The differences related to the sample distribution sug-
gest an even stronger rationale to develop a more construct-relevant
scoring method given the heterogeneous nature of the OBC items;
the use of NFA and FA scores could represent a more robust mea-
sure of the respective constructs of interest, relevant to the TMD
population, and less influenced by potential sampling problems.

5 | CONCLUSION

This report showed that specific waking-state oral behaviours in-
cluded in the OBC belong to two different latent constructs regard-
ing type of behaviour (functional and non-functional) and these
types are differently associated with painful and dysfunctional

TMDs. These two constructs represent a proposed new scoring
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method for the OBC and may vyield insights into further distinctions
among subtypes of TMDs, causal mechanisms and better tailoring

treatment protocols for the management of these patients.
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