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Abstract

Background Literature concerning Temporomandibular disorders (TMDs) and the Covid-19 pandemic is limited and
disparate findings related to TMD frequencies, psychological distress, and quality of life were presented. This study

investigated the prevalence of painful Temporomandibular disorders (TMDs) and compared the psychological, sleep,
and oral health-related quality of life profiles of patients seeking TMD care before and during the Covid-19 pandemic.

Methods Data were accrued from consecutive adult patients 12 months before (BC; control) and during (DC; case
group) the Covid-19 pandemic. The Diagnostic Criteria for TMDs (DC/TMD), Depression, Anxiety, Stress Scales (DASS)-
21, Pittsburgh Sleep Quality Index (PSQI), and Oral Health Impact Profile (OHIP)-TMDs were utilized and statistical
analysis was performed using Chi-square/non-parametric tests (a=0.05).

Results The prevalence of painful TMDs was 50.8% before and 46.3% during the pandemic. Significant differences in

PSQl and OHIP component scores were discerned between the BC and DC groups contingent on TMD pain. Total-
DASS was moderately correlated to total-PSQI/OHIP (r, = 0.41-0.63).

Conclusion The covid-19 pandemic did not appear to exacerbate psychological distress but affected sleep and
increased unease over TMD dysfunction.
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Background

Temporomandibular disorders (TMDs) refer to a clus-
ter of medical/dental problems affecting the stomato-
gnathic system. The cardinal features of TMDs include
jaw joint/muscle pain, headaches, jaw joint sounds, and
jaw opening or closing difficulties [1, 2]. As stipulated
by the evidence-based Diagnostic Criteria for TMDs
(DC/TMD), common TMDs can be classified into pain-
related and intra-articular conditions which are painful
and non-painful correspondingly [3]. Pain-related condi-
tions consist of temporomandibular joint (TM]J) arthral-
gia, masticatory muscle myalgia, headache attributed
to TMDs, whereas intra-articular conditions comprise
TMJ disc displacements, degenerative joint disease, and
subluxation [3]. Though the prevalence of TMDs was
reported to range from 5 to 16% in the general popula-
tion, up to 75% of people have TMD signs/symptoms
[4, 5]. Women, notably those of reproductive age, have
a greater risk of TMDs and constitute the bulk of TMD
patients [4, 6, 7]. TMDs, especially when painful, are
associated with poor sleep and impaired oral health-
related quality of life (OHRQoL) [8—11]. The complex
etiology of TMDs follows the “biopsychosocial model
of illness” and contributing factors encompass gene-
environment interactions, sex hormones, poor general
health, macro/micro-trauma including oral parafunction,
somatization, and psychological distress [12—17]. Recent
systematic reviews/meta-analyses have indicated a high
occurrence of psychological distress in patients seeking
TMD care with depression and anxiety being more fre-
quently distributed among those with painful TMDs [16,
17].

“Black swan” events, like the Coronavirus Disease 2019
(Covid-19) pandemic, refer to rare and unforeseen phe-
nomena with significant impact on society as a whole.
Covid-19 pneumonia was first detected in late December
2019 and was declared a global pandemic in early Mar
2020 by the World Health Organization due to its rapid
spread all over the world [18]. Until the introduction of
Covid vaccines in December 2020, the measures adopted
by most countries involved stringent partial-to-total
lockdown, social distancing, and active disease surveil-
lance (test-trace-isolate [TTI]). Such mitigating strategies
to contain Covid-19 outbreaks were employed in China
which had a “zero-Covid” policy up to Dec 2022 [19].
Though the citywide TTI approach is highly effective in
lowering Covid infections and deaths, it disrupts daily life
and has far-reaching existential, social, economic, and
health consequences, including elevated levels of psy-
chological problems [20—-22]. The latter could trigger or
aggravate TMD signs/symptoms ensuing in treatment-
seeking [23].

Literature concerning TMDs and the Covid-19 pan-
demic is still limited. The few cross-sectional studies
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conducted during and one year after the Covid-19 pan-
demic indicated greater frequencies of symptoms and
higher levels of psychological distress among individu-
als with TMDs [24-27]. Furthermore, both sleep qual-
ity and OHRQoL were also found to be diminished and
related to TMDs [28, 29]. Nevertheless, the two available
prospective studies involving TMD patients yielded var-
ied findings with one demonstrating greater psychologi-
cal distress and another specifying no worsening of pain
intensity and OHRQoL during the Covid-19 pandemic
[30, 31]. Besides socio-cultural and other local differ-
ences, the disparate observations could also be explained
by variances in TMD subtypes [30-33].

Based on the above premises, the objectives of this
study were three folds: (i) to examine the prevalence of
painful TMDs before and during the Covid-19 pandemic,
(ii) to compare the psychological characteristics, sleep
quality, and OHRQoL of patients seeking TMD care dur-
ing the two periods, and (iii) to establish the influence of
the Covid-19 pandemic as an “impact event” and other
variables on TMD expression. The research hypotheses
were: (a) the proportion of patients with painful TMDs
increased during the Covid-19 pandemic, (b) patients
seeking care during the Covid-19 pandemic had higher
levels of psychological distress, sleep disturbance, and
poorer OHRQoL, and (c) the Covid-19 pandemic, amid
other variables, increased the odds of painful TMDs.

Methods

Study design

This project is part of ongoing research investigating the
physical and psychosocial effects of TMDs, supported by
the Biomedical Institutional Review Board of the Peking
University School of Stomatology (project number:
PKUSSIRB-201,732,009).

Data from consecutive adult patients seeking care at a
university-based TMD/orofacial pain clinic 12 months
before (Mar 2019 to Feb 2020) and during (Mar 2020 to
Feb 2021) the Covid-19 pandemic were accrued. Patients
who sought care before the pandemic served as the con-
trol group, whereas those who pursued care during the
pandemic were the case group. Effectively, two patient
cohorts were evaluated according to their time of pre-
sentation and assessment. At least 169 participants were
required for the control as well as case groups. This was
derived based on a 95% confidence level, 5% precision,
48% prevalence of painful TMDs, and 300 new cases
anticipated annually [33]. The inclusion criteria were
age=>18 years old, proficiency in the Chinese language,
and the presence of TMD symptoms, specifically TMJ/
masticatory muscle pain, headaches, TMJ noises, closed,
and/or open locking. The exclusion criteria were a history
of orofacial trauma/orthognathic surgery and craniofa-
cial deformities, the presence of systemic joint diseases,
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non-musculoskeletal causes of orofacial pain, debilitat-
ing psychological, or cognitive disorders, drug/substance
abuse, and illiteracy. Involvement in the study was vol-
untary and all eligible participants provided informed
consent. At the intake visit, demographic/medical infor-
mation was collected and a survey comprising the Chi-
nese versions of the DC/TMD Symptom Questionnaire
(SQ), Depression, Anxiety, Stress Scales (DASS)-21,
Pittsburgh Sleep Quality Index (PSQI), and Oral Health
Impact Profile (OHIP)-TMDs was administered [34—40].

TMD subtypes/categories

After completing the questionnaires, participants under-
went an intake examination which was conducted
according to the DC/TMD protocol by a formally trained
and calibrated TMD specialist [34]. Palpation/movement
pain, pain location/referral, jaw deviation/movement,
and TM]J noises were assessed and orthopantomography
and/or cone-beam computed tomography were used to
verify intra-articular conditions. Magnetic resonance
imaging was performed only on a “need basis” due to
its high cost and indications include the persistence of
symptoms after conservation treatment, functional jaw
alterations, and the suspicion of neoplastic processes.
DC/TMD axis I physical diagnoses were rendered using
the DC/TMD algorithms/diagnostic tree based on symp-
tom history from the SQ, clinical, and radiographic find-
ings. The three possible TMD diagnostic groupings based
on TMD conditions were: pain-related (PT) — positive
for arthralgia, myalgia, and/or headache; intra-articular
(IT) — positive for TMJ disc displacements, degenerative
joint disease, and/or subluxation; and combined (CT)
disorders — positive for PT plus IT. Depending on the
presence or absence of TMD pain, the control and case
groups were dichotomized into those with painful (PT
and CT) and non-painful (solely IT) TMDs.

Study measures

Psychological distress was appraised with the 21-item
DASS-21 which contained three subscales, specifically
depression, anxiety, and stress. The reliability, validity,
and bifactor structure (comprising a general factor for
distress [total-DASS] and the three emotional constructs)
are well established [35, 36, 41]. Seven items were allotted
to each of the three subscales and scored on a four-point
response scale ranging from “did not apply to me at all” =
0 points to “applied to me very much or most of the time”
= 3 points. While total-DASS scores spanned from 0 to
63 points, subscale scores varied from 0 to 21 points with
greater scores indicating higher levels of general distress,
depression, anxiety, and stress. Cut-off points for catego-
rizing the severity (normal to extremely severe) of the
three subscales are described in the DASS manual [35].
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Sleep quality was examined with the 19-item PSQI
which assessed seven aspects of sleep, namely subjec-
tive sleep quality, sleep latency, sleep duration, sleep effi-
ciency, sleep disturbances, use of sleep medication, and
daytime dysfunction. The PSQI has good psychomet-
ric properties and is widely utilized in TMD and other
research [42, 43]. Items are mostly scored on a four-
point response scale extending from “not during the past
month/very good” = 0 points to “three or more times a
week/very bad” = 3 points. Components scores were
computed following defined rules and added to derive
total-PSQI scores which ranged from 0 to 21 points.
Greater total-PSQI scores indicated worse sleep quality
and a score of 26 served as the cut-point for poor sleep
[38].

OHRQoL was appraised with the 22-item OHIP-TMDs
which contained seven domains, specifically functional
limitation, physical pain, psychological discomfort, phys-
ical disability, psychological disability, social disability,
and handicap [39, 40]. Its measurement properties were
confirmed in clinical as well as non-clinical populations
with TMDs [39, 40, 44, 45]. Two to five items were allot-
ted to each of the seven domains and scored on a five-
point response scale extending from “never” = 0 points to
“very often” = 4 points. Total-OHIP scores ranged from
0 to 88 points whilst domain scores varied from 0 to 20
depending on the number of items involved. Greater
total and domain OHIP scores indicated worse/poorer
OHRQoL.

Statistical analyses

Statistical assessments were carried out with the SPSS
Statistics software version 27.0 (IBM Corporation,
Armonk, New York, USA) with the significance level
set at 0.05. Qualitative data were described as frequen-
cies with percentages and evaluated with the Chi-square
test. Quantitative data were reported as means/medi-
ans with standard deviations (SDs)/interquartile ranges
(IQRs) and examined for normality with the Shapiro-
Wilk’s test. As non-normal distributions were noted,
the Mann-Whitney U test and Spearman’s rank order
correlations were applied. Correlation coefficients (r,) of
0.1, 0.4, and 0.7 served as cut-off points for weak, mod-
erate, and strong relationships between variables [46].
Univariate and multivariate logistic regression analyses
were conducted to establish the predictors of painful and
non-painful TMDs including the Covid-19 pandemic.
A stepwise variable selection procedure was used in the
multivariate modeling with a threshold of p<0.10 for
excluding insignificant ones. Results were depicted as
odds ratios (ORs) with 95% confidence intervals (95%
ClIs).
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Results

Of the 632 patients seen between Mar 2019 to Feb
2021, 116 did not meet the eligibility criteria due to age
(<18 years old). Although none of the eligible patients
declined study participation, 75 returned incomplete
surveys ensuing in an effective response rate of 85.5%.
Table 1 presents the demographic characteristics of the
total sample, control, and case groups. The mean age of
the final study sample (n=441) was 33.21+13.7 years with
no significant differences in age between patients who
sought treatment before (BC; control group) and dur-
ing (DC; case group) the Covid-19 pandemic. Women
comprised 81.2% of the participants and gender distribu-
tions between the BC and DC groups were statistically
insignificant. The prevalence of painful TMDs was 50.8%
(13.1% PT/37.7% CT conditions) before and 46.3% (17.1%
PT/29.2% CT conditions) during the pandemic. No sig-
nificant differences in the frequencies of PT, CT, and IT
conditions as well as painful and non-painful TMDs were
discerned between the BC and DC groups.

Table 2 shows the mean/median DASS-21 and PSQI
scores for the BC and DC groups with painful and non-
painful TMDs. For both TMD categories, no signifi-
cant differences in total and subscale DASS scores were
observed between the BC and DC groups. However,
when TMD pain was present, the DC group reported sig-
nificantly greater sleep latency and use of sleep medica-
tion scores than the BC group (DC>BC). Conversely, in
the presence of non-painful TMDs, significantly greater
sleep duration and efficiency scores were observed in the
BC group (BC>DC). Patients with painful TMDs (PF)
had significantly greater stress scores than their coun-
terparts with non-painful TMDs (NP) both before and
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during the pandemic (PF>NP). Significant differences in
total-DASS and depression scores were noted only before
the pandemic (PF>NP). Subjective sleep quality and day-
time dysfunction scores did not vary much between PF
and NP patients both before and during the pandemic.
While sleep disturbance scores differed substantially
before the pandemic (PF>NP), significant disparities in
total-PSQ)], sleep latency, sleep duration, sleep efficiency,
and use of sleep medication scores between PF and NP
patients were detected during the pandemic (PF>NP).

Table 3 reflects the mean/median OHIP scores for the
BC and DC groups with painful and non-painful TMDs.
Though no significant differences in total and domain
OHIIP scores were observed with painful TMDs, the DC
group exhibited significantly greater psychological dis-
comfort and disability scores than the BC group when
non-painful TMDs were present (DC>BC). For the two
periods, PF patients had significantly greater total-OHIP
and all domain scores when compared to NP patients
(PE>NP).

Tables 4 and 5 reflect the outcomes of correlation and
logistic regression analyses. For the BC and DC groups
with painful/non-painful TMDs, total-DASS was found
to be moderately correlated to total-PSQI and total-
OHIP (r; = 0.41-0.63). The relationship between total-
PSQI and total-OHIP, albeit significant, was weak (r, =
0.27-0.37) (Table 4). Both painful and non-painful TMDs
were significantly associated with age, total-DASS, total-
PSQ], and total-OHIP but not gender and the pandemic
in the univariate model (Table 5). With the multivari-
ate analysis, only age and total-OHIP predicted painful
and non-painful TMDs. While ORs were >1 for painful
TMDs (age OR=1.05; 95% CI=1.03-1.07 and total-OHIP

Table 1 Demographic characteristics of the control (before covid) and case (during Covid) groups

Variables All patients Before Covid During Covid P-value
n (%) (BC) (DQC)

Number of TMD patients

n (%) 441 (100) 236 (100) 205 (100)

Age

Mean (SD) 33.24(13.73) 3344 (13.95) 33.01(13.49) 0.662/

Median (IQR) 29.00 (15.00) 29.00 (13.75) 28.00 (16.00)

Gender

Women, n (%) 358 (81.2) 190 (80.5) 168 (82.0) 0.699*

Men, n (%) 83(18.8) 46 (19.5) 37(18.0)

Female;male 43 41 46

(F:M) ratio

TMD conditions

Pain-related, n (%) 66 (15.0) 31(13.1) 35(17.1) 0.143*

Combined pain-related plus intra-articular, n (%) 149 (33.8) 89 (37.7) 60 (29.3)

Intra-articular, n (%) 226 (51.2) 116 (49.2) 110 (53.7)

TMD categories

Painful TMDs, n (%) 215(48.8) 120 (50.8) 95 (46.3) 0.345*%

Non-painful TMDs, n (%) 226 (51.2) 116 (49.2) 110 (53.7)

SD=standard deviation; IQR=interquartile range. Results of AMann-Whitney U and *Chi-square tests. Bold indicates p<0.05
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Table 2 Mean/median DASS/PSQI scores for the control and case groups with painful and non-painful TMDs.
Painful TMDs Non-painful TMDs
Variables Before Covid (BC) During Covid P-valuer Before Covid During Covid P-val-
(DC) (BC) (DQC) uen

DASS-21

Total-DASS Mean (SD) 31.03 (28.90) 27.85 (25.75) 0.583 22,69 (24.24) 51(20.24) 0.847
Median (IQR) 21.00 (38.00) ? 22.00 (34.00) * 12.00 (32.00) ® 18.00 (26.00) *

Depression Mean (SD) 9.02 (1043) 7.37 (8.70) 0522 567 (8.03) 518 (6.29) 0.534
Median (IQR) 6.00 (14.00) ® 400 (12.00) A 2.00 (10.00) 400 (8.00) "

Anxiety Mean (SD) 10.00 (9.17) 8.55 (8.60) 0.209 7.90 (7.98) 7.93(7.83) 0.854
Median (IQR) 8.00 (13.00) ° 6.00 (10.00) A 6.00 (9.50) 2 6.00 (8.00) "

Stress Mean (SD) 1202 (11.08) 11.94 (10.50) 0.928 9.12(9.91) 840 (8.52) 0.981
Median (IQR) 10.00 (18.00) 10.00 (14.00) 6.00 (13.50) 6.00 (10.00) 8

PSQl

Total-PSQI Mean (SD) 6.93 (4.04) 7.26 (4.12) 0.567 6.34 (3.43) 584 (2.93) 0404
Median (IQR) 6.00 (5.00) 2 7.00 (5.00) A 550 (4.75) 2 6.00 (3.00) &

Subjective sleep Mean (SD) 1.16 (0.78) 1.19 (0.88) 0.853 1.22(0.72) 1.11 (0.64) 0.335

quality Median (IQR) 1.00 (1.00) ® 1.00 (1.00)* 1.00 (1.00) 2 1.00 (0) A

Sleep latency Mean (SD) 1.08 (1.04) 1.35(0.97) 0.039 1.13(0.93) 1.07 (0.98) 0.565
Median (IQR) 1.00 (2.00) ® 1.00 (1.00)* DC>BC 1.00 (2.00) * 1.00 (2.00) ®

Sleep duration Mean (SD) 1.18(0.85) 1.05 (0.93) 0.235 1.06 (0.88) 0.76 (0.70) 0.011
Median (IQR) 1.00 (2.00) ® 1.00 2.00)* 1.00 (2.00) 00 (1.00) 8 BC>DC

Sleep efficiency Mean (SD) 0.53(0.97) 0.62 (0.99) 0370 047 (0.84) 0.22 (0.48) 0.029
Median (IQR) 0(1.00)° 0(1.00) A 0(1.00)° 00" BC>DC

Sleep disturbances Mean (SD) 1.13(0.52) 1.06 (0.54) 0.310 0.98 (0.46) 0.97 (0.50) 0.766
Median (IQR) 1.00(0) @ 1.00 (0) A 100 (0) ° 1.00 (0) A

Use of sleep Mean (SD) 0.31(0.86) 0.59 (1.09) 0.013 0.10(0.38) 0.14 (0.55) 0927

medication Median (IQR) 0(0)? 0(1.00) 4 DC>BC 0(0)? 00"

Daytime Mean (SD) 1.54 (1.06) 144 (1.02) 0453 137(0.97) 140 (0.94) 0.761

dysfunction Median (IQR) 2.00 (1.00) @ 1.00 (1.00)* 1.00 (1.00) ® 1.00 (1.00) *

the control group: before Covid; the case group: during Covid; SD=standard deviation; IQR=interquartile range. Results of AMann-Whitney U test. Bold indicates
p<0.05 for before and during Covid comparisons. Different lower or upper-case letters indicate p<0.05 for painful and non-painful TMD comparisons

Table 3 Mean/median OHIP scores for the control and case groups with painful and non-painful TMDs.

Painful TMDs Non-painful TMDs
Variables Before Covid (BC) During Covid P-value Before Covid During Covid  P-value
(DC) (BC) (DC)
OHIP-TMDs
Total-OHIP Mean (SD) 4360 (19.20) 4277 (18.64) 0.656A 2518 (18.24) 2849 (1791) 0.125A
Median (IQR) 43,00 (29.75) @ 40.00 (30.00) * 21.00 (28.00) ° 2850 (26.00)
Functional Mean (SD) 549 (2.16) 5.24 (2.35) 0.539A 3.09 (2.41) 3.18(2.38) 0.760A
limitation Median (IQR) 6.00 (3.00) ® 6.00 (3.00)* 3.00 (4.00)° 3.00 (4.00)
Physical pain Mean (SD) 9.05 (4.32) 9.06 (4.20) 0.866/ 437 (383) 454 (3.97) 0.809A
Median (IQR) 9.00 (6.00) 9.00 (6.00) A 3.50 (6.00) ° 400 (6.00) 8
Psychological Mean (SD) 9.82 (4.68) 9.84 (4.11) 0.795/ 6.59 (4.57) 8.01 (4.60) 0.022A
discomfort Median (IQR) 11.00 (7.75) 2 10.00 (6.00) A 6.00 (8.00) © 800 (6.50) ® DC>BC
Physical disability Mean (SD) 430(2.171) 405 (2.13) 0.504/ 2.34(1.93) 2.57(2.05) 0.429N
Median (IQR) 400 (3.00) ° 400 (400) 200 (3.00)® 2,00 (3.00) &
Psychological Mean (SD) 887 (5.31) 8.33(5.35) 04407 534 (5.03) 6.51 (4.76) 0.0347
disability Median (IQR) 800 (9.00) ® 8.00 (8.00)* 400 (7.75)° 6.00 (7 00)® DC>BC
Social disability Mean (SD) 2.29(2.16) 247 (2.31) 0.641A 1.34(1.87) 3(1.64) 0.997A
Median (IQR) 2.00 (4.00) 2 2.00 (4.00) A 1.00 (2.00) ® (2 00) 8
Handicap Mean (SD) 3.78 (2.44) 3.77 (2.47) 0.953A 2.09(2.12) 245 (2.36) 0.297A
Median (IQR) 40(3.75)2 400 (4.00) A 2.00(3.75)° 2.00 (4.00) B

the control group: before Covid; the case group: during Covid; SD=standard deviation; IQR=interquartile range. Results of AMann-Whitney U test. Bold indicates
p<0.05 for before and during Covid comparisons. Different lower or upper-case letters indicate p<0.05 for painful and non-painful TMD comparisons
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Table 4 Correlations between the different variables for the
control (before Covid) and case (during Covid) groups

Before Covid (BC) During Covid
(DC)
TMD Variables Total-DASS Total-PSQI  Total- Total-
category DASS PSsQl
Painful Total- - - - -
TMDs DASS
Total- 0.47%** - 0.56** -
PsQl
Total- 0.61** 0.32** 0.54** 0.27**
OHIP
Non- Total- - - - -
painful DASS
TMDs Total- 0.47** - 0.46** -
PSQl
Total- 0.63** 0.37%* 0.41** (0.32**
OHIP

Results of Spearman’s correlation. *indicate p<0.05, while ** indicates p<0.01.
Bold indicates moderate-to-strong correlations

Table 5 Univariate and multivariate logistic regression analyses
for painful and non-painful TMDs.

Univariate Multivariate
Variables  Odds ratio P-value* Odds ratio P-val-

(95% CI) (95% CI) ueAn
Painful
TMDs
Pandemic
Before Reference - Reference -
Covid
During 0.84 (0.57-1.21) 0.345
Covid
Gender
Male Reference - Reference -
Female 1.39(0.86-2.25) 0.184 - -
Age 1.05(1.04-1.07) <0.001 1.05(1.03-1.07) <0.001
Total-DASS 1.01(1.00-1.02) 0.002 0.99 (0.98-1.00) 0.071
Total-PSQI 1.08 (1.02-1. 14) 0.006 - -
Total-OHIP 1.05 (1.04-1.06) <0.001 1.05(1.04-1.07) <0.001
Non-pain-
ful TMDs
Pandemic
Before Reference - Reference -
Covid
During 1.20(0.82-1.74) 0.345 - -
Covid
Gender
Male Reference - Reference -
Female 0.72 (0.45-1.17) 0.184 - -
Age 0.95(0.93-0.97) <0.001 0.96 (0.94-0.97) <0.001
Total-DASS 0.99 (0.98-1.00) 0.002 1.01(1.00-1.02)  0.071
Total-PSQI 0.93 (0.88-0.98) 0.006 -
Total-OHIP 0.96 (0.94-0.97) <0.001 0.95(0.94-0.96) <0.001

Results of univariate and multivariate logistic regression analysis. Bold indicates
p<0.05
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OR=1.05; 95% CI=1.04-1.07), they were <1 for non-
painful TMDs (age OR=0.96; 95% CI=0.94-0.97 and
total-OHIP OR=0.95; 95% CI=0.94-0.96) (Table 5).

Discussion

The prevalence of painful TMDs among TMD patients
and the psychological, sleep, and OHRQoL profiles of
patients seeking TMD care before and during the Covid-
19 pandemic were investigated. Additionally, the predic-
tive factors for painful/non-painful TMDs including the
Covid-19 pandemic were explored. As the prevalence of
painful TMDs did not differ considerably before and dur-
ing the pandemic, the first research hypothesis was not
sustained. The second and third hypotheses were partly
supported as significant variances in sleep and OHRQoL
parameters were observed between the BC and DC
groups with painful as well as non-painful TMDs, which
were associated with age and total-OHIP. Only adult
patients (=18 years old) were selected for the study as
the DC/TMD Axis I protocols are still being developed
for children/adolescents [47]. Furthermore, most of the
study measures had only been validated in adults. The
OHIP for TMDs (OHIP-TMDs) was chosen over other
OHIP instruments as generic OHRQoL measures have
greater “floor effects” (no impact), lower sensitivity, spec-
ificity, and responsiveness than condition-specific ones
[45]. Women constituted 80.5% and 82.0% of the BC and
DC groups, corroborating the greater vulnerability of the
female gender to TMDs [6, 7]. Nevertheless, no signifi-
cant differences in age, gender, TMD subtypes, and cat-
egories were discerned between the BC and DC groups
suggesting that TMD phenotype was not affected much
by “impact events’, specifically the Covid-19 pandemic.

Comparison between case and control patients

General distress, depression, anxiety, and stress levels did
not vary substantially between the control (BC) and case
(DC) groups, irrespective of the presence of TMD pain.
The BC and DC groups with painful TMDs presented
moderate depression (7-10 points), severe/extremely
severe anxiety (8-10+points), and moderate stress
(10-12 points), whereas their counterparts with non-
painful TMDs had mild depression (5-6 points), mod-
erate anxiety (6—7 points), and mild stress (8—9 points)
during both periods. Findings were consistent with prior
studies concerning psychological distress among patients
with differing TMD subtypes [16, 17]. Though psycho-
logical distress scores were comparable, the DC group
had significantly greater sleep latency and use of sleep
medication scores than the BC group when TMD pain
was present. Therefore, patients with painful TMDs were
taking longer to fall asleep and using more sleep medi-
cations during the pandemic which was consistent with
the high prevalence of sleep problems during this period
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[48], The longer sleep duration and better sleep efficiency
of the DC group could be contributed by the latter in
addition to “lock-down” periods and “work-from-home”
arrangements during the pandemic. Overall sleep quality
was generally poor (total PSQI of =6 points) for patients
with painful as well as non-painful TMDs and worsened
slightly during the pandemic. Although no significant dif-
ferences in total and domain OHIP scores were discerned
between the BC and DC groups in the presence of TMD
pain, psychological discomfort and disability domain
scores of the DC group were significantly higher than
the BC group with non-painful TMDs indicating greater
intra-articular (TMJ) and function-related impairments
in psychological well-being during the pandemic. Griev-
ances include feeling worried, self-conscious, miserable,
tense, upset, and depressed over jaw problems which
could have been heightened by increased parafunctional
activities during the pandemic [32]. While the find-
ings of the present study differed from that of Lee et al.
who reported elevated levels of psychological distress
in TMD patients during the pandemic, it corroborated
that of Mendonga et al. who determined that the Covid-
19 pandemic did not worsen overall OHRQoL [30, 31].
The variance may be ascribed to dissimilarities in study
design, sample size, TMD diagnostic criteria, assess-
ment tools, race/ethnicity, socio-cultural as well as local
measures adopted to contain the pandemic. Given their
considerable heterogeneity, the studies could not be aptly
compared.

Comparison between patients with painful and non-
painful TMDs

Among the three negative emotional states, only stress
was constantly greater in patients with painful TMDs
(PF) when contrasted to their counterparts with non-
painful TMDs (NP) before and during the Covid-19 pan-
demic. While stress is the psychological and/or physical
response to adverse events, depression and anxiety are
the feelings of hopelessness/despair, and nervousness/
apprehension correspondingly. Most TMD research had
emphasized depression and anxiety, while stress as a con-
struct is less frequently explored [16, 17, 49]. However,
the three negative emotional states are interconnected,
and chronic upregulation of the hypothalamic-pituitary-
adrenal (HPA) stress axis as well as higher cortisol secre-
tion had been associated with pain catastrophization,
depression, and anxiety in TMD patients [50]. Contrary
to other earlier studies, no significant differences in
depression and anxiety were observed between PF and
NP patients during the Covid-19 pandemic [16]. This
phenomenon could be rationalized by the generally ele-
vated levels of depression and anxiety during the pan-
demic [21, 22]. PF patients were also observed to have
substantially poorer sleep (total-PSQI) and deficits in
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several sleep parameters when compared to NP patients
during the pandemic period. This may be ascribed to the
higher stress levels in PF patients, given the association
between stress, insomnia, and sleep quality [8, 11, 51].
The significantly poorer OHRQoL of the PF patients both
before and during the pandemic was consistent with the
outcomes of prior studies [10, 11]. Painful TMDs were
found to reduce physical and psychosocial functioning in
both patient and community-based samples [10, 11, 52,
53].

Correlation and regression analyses

Total-DASS was found to be moderately correlated to
total-PSQI and total-OHIP independent of evaluation
periods and the presence of TMD pain. Psychological dis-
tress thus affects both sleep quality as well as OHRQoL
and necessitates assessment during TMD management.
As psychological distress and psychological well-being
are interconnected, positive psychological interventions,
such as mindfulness-based stress reduction and cognitive
behavioral therapy, could be useful for lowering TMD
pain and related psychosocial impairments [54]. Multi-
variate analyses revealed that age and total-OHIP were
associated with the presence of TMD pain and dysfunc-
tion. While greater age and poorer OHRQoL were related
to the presence of painful TMDs, the opposite was true
for non-painful TMDs. Findings were congruent with
the higher occurrence of painful TMDs in older TMD
patients and intra-articular conditions in younger ones,
which are accompanied by poorer and better OHRQoL
respectively [10, 55]. Even so, the effect of age was small,
modifying the odds of the two TMD categories by only
5% after controlling for possible confounders.

Study limitations

This retrospective case-control study had a few limita-
tions. First, a certain degree of sampling bias could be
present as the controls and cases selected may not be
truly uniform. While this was allayed by the similarities
in age, gender, and TMD distributions between the BC
and DC groups, differences in other socio-demographic
variables such as education might exist. Although a pro-
spective longitudinal cohort study design can yield more
discerning information, the citywide TTI strategy for
controlling the Covid-19 pandemic made this impracti-
cal. Additionally, the prevalence of painful TMDs among
patients before and during the pandemic could not be
ascertained with a single cohort. Second, as the study
measures were self-reported by the patients, other infor-
mation biases can also be an issue. These include recall,
social desirability, and confirmation partialities [56].
Third, the significant and moderately strong correlations
between greater general distress and poorer sleep qual-
ity as well as OHRQoL in TMD patients do not imply
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causation. Other factors including pain chronicity might
play intermediary roles and additional research is needed
to clarify the multifaceted interactions between pain,
distress, sleep, and quality of life [57]. Similarly, the sig-
nificant associations of age and OHRQoL with painful/
non-painful TMDs in the multivariate analyses also do
not indicate a causal relationship. Instead, it reinforced
the importance of age-related physical/experiential
changes and “biopsychosocial” well-being in the holistic
care of TMD patients [58].

Conclusion

The prevalence of painful TMDs among TMD patients
was not increased by “impact events’, specifically the
Covid-19 pandemic. The Covid-19 pandemic did not
appear to exacerbate psychological distress, which was
already elevated in patients with painful TMDs. How-
ever, it affected sleep, increasing sleep latency and the
use of sleep medications in patients with painful TMDs,
and heightened unease over jaw dysfunction in those
with non-painful TMDs. Overall sleep quality was gen-
erally poor for patients with painful as well as non-pain-
ful TMDs and worsened slightly during the pandemic.
For the pandemic period, patients with painful TMDs
had considerably greater stress, poorer sleep, and worse
OHRQoL than their counterparts with non-painful
TMDs. Psychological distress was found to be moder-
ately correlated to both sleep quality and OHRQoL. It
needs to be assessed and addressed together with age-
related physical/experiential changes as part of compre-
hensive TMD management, especially in unsettling and
stressful times.
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