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Aims: To explore the unstimulated salivary flow rate and subjective feeling of oral
dryness in young adult women with temporomandibular disorders (TMD) and their
relation to the presence of chronic pain, depression, somatization, and limited
mandibular mobility. Methods: Unstimulated whole saliva flow rate and presence
of oral dryness were determined in 45 women with TMD and 30 healthy controls.
The Research Diagnostic Criteria for TMD (RDC/TMD) were used for assessment
of TMD, chronic pain, depression, somatization, and mandibular mobility. Factors
with P < .05 in the bivariate analysis were included in multivariate modeling.
Results: The TMD patients showed significantly diminished unstimulated salivary
flow (P =.010) in comparison to controls, but there was no difference in subjective
oral dryness. Within the TMD group, patients with mandibular hypomobility and
free from somatization exhibited significantly lower salivary output (P = .037;
P = .015, respectively). No relationship between salivary flow and depression or
TMD pain was observed. Multivariate linear regression identified somatization as
the single variable contributing to salivary flow (P = .044) in the TMD patients.
Conclusion: The present study shows a relationship between TMD and lower
salivary flow but no evidence of a relationship between TMD and subjective oral
dryness in young adult women. Somatization was the single variable to emerge
from the evaluation of potential factors contributing to salivary output in TMD
patients. J Oral Facial Pain Headache 2018,32:123-129. doi: 10.11607/0fph.1918

Keywords: mouth dryness, RDC/TMD, salivation, temporomandibular disorders,
women

ing the masticatory muscles, temporomandibular joints (TMJs),

and adjacent structures.! Several studies have shed new light on
the clinical aspects of TMD by directing attention to the appearance of
reduced salivation and complaints of xerostomia in these patients.?*

It has been suggested that chronic pain conditions in the orofa-
cial region might be related to orofacial sensory abnormalities® or that
chronic pain and sensory disturbances share a common neural sub-
strate.® However, the relationship between orofacial pain and changes
in salivary flow has not yet been fully clarified. Potential mechanisms
include neurovegetative phenomena due to pain chronification or to
anxiety and depression, which are common comorbidities of pain. This
may happen due to central sensitization involving areas of the limbic
system and hypothalamus, which can alter hormonal secretion from the
hypothalamic-hypophyseal-adrenal axis and may result in increased se-
rum levels of cortisol and adrenaline, causing neurovegetative signs such
as altered blood pressure and heart rate.” Pain-related TMD has been
associated with taste disturbances® and subjective oral dryness.>*®
Orofacial pain patients, including those with TMD, have been found to
report more oral complaints and reduced unstimulated salivary flow in
comparison to healthy subjects.® Decreased production of unstimulated
whole saliva has been associated with TMD in rheumatoid arthritis pa-
tients.® Furthermore, an increase in stimulated salivary flow was observed
after successful treatment of unmedicated TMD patients,'® although
this was not confirmed in a more recent study of patients with myo-
genic TMD." In addition, Siviero et al® found that oral neuropathic pain

Temporomandibular disorders (TMD) are a set of conditions affect-
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syndromes were not related to unstimulated salivary
secretion. This disparity in findings suggests that other
factors besides chronic pain might be involved in sali-
vary impairment among TMD patients.

Psychosocial disturbances—including somati-
zation and depression, which present important as-
pects of a TMD patient’s profile'?"'*—have also been
related to the modulation of salivary flow and/or sub-
jective oral dryness in TMD patients.'®'® Depressive
symptoms have been associated with both reduced
unstimulated salivary output'® and dry mouth com-
plaints.'® Patients with somatoform disease may have
many salivary complaints, but the underlying patho-
logic cause is unknown.'® However, except for a sin-
gle study dealing with stress,'" previous studies have
not investigated salivary flow and/or oral complaints
of TMD patients in relation to psychosocial variables.

Mandibular hypomobility is a well-established
symptom of TMD."1°~2! Patients avoid jaw motions due
to pain or mechanical interference, limiting the ampli-
tude of jaw movements. As a local factor, oromotor
activity may play a role in salivary production. While
mandibular activities stimulate salivary secretion,??
prolonged reduction in masticatory muscle activity is
associated with a decrease in unstimulated and stim-
ulated salivary flow?324 or persistent dry mouth.2®

There seems to be widespread agreement that
TMD, TMD pain, salivary output, and subjective oral
complaints are gender dependent. Women are 3 to 9
times more prevalent in TMD treatment-seeking sub-
jects,?® and the prevalence of TMD pain is higher in
adult women than in adult men, with increased rates
in the reproductive age range.?”?8 In the case of sali-
va, women are usually more affected with dry mouth
and diminished unstimulated and stimulated salivary
flow than men.'®:2°

Thus, the current study aimed to explore the un-
stimulated salivary flow and subjective feeling of oral
dryness in young adult women with TMD and their
relation to the presence of chronic pain, depres-
sion, somatization, or limited mandibular mobility.
The authors hypothesized that TMD patients show a
decreased salivary flow and a higher prevalence of
xerostomia than TMD-free controls and that these
changes are related to the presence of chronic TMD
pain, psychosocial disability, or restricted mandibular
movements.

Materials and Methods

Study Population

The study protocol was approved by the ethical com-
mittee of the Faculty of Medicine, University of East
Sarajevo and conformed to the principles embod-
ied in the Declaration of Helsinki. The participants
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received detailed information about the study and
signed an informed consent form.

This study involved two groups of subjects. The
size of the sample was calculated on the basis of a
pilot study involving 30 subjects. The mean and stan-
dard deviation (SD) of unstimulated salivary flow rate
was reported for young adult females with TMD and
healthy controls. A level of significance of 5% for a
two-tailed t test for means and a power of 80% were
adopted. At least 22 persons were calculated to be
needed per group.

For the study group, women aged from 20 to 40
years with a diagnosis of TMD were recruited from
a population of patients seeking treatment at the
Department of Prosthodontics. A considerable pro-
portion (37.8%) of the patients were dental students.
Control subjects were healthy women without a TMD
diagnosis and with an overall age distribution similar
to the study group; they were selected from patients
attending yearly routine check-ups at the Department
of Restorative Dentistry.

Exclusion criteria for all study participants were:
a current or past medical history of systemic dis-
ease; other painful physical conditions; obesity (body
mass index > 30); pregnancy, lactation, or irregularity
in menstrual cycle; any medication intake, including
contraceptives and over-the-counter medication, in
the past 6 months; current use of tobacco products;
presence of tooth decay; Silness-Lée plaque index
(PI) score > 1; community periodontal index > 2; < 21
teeth; or wear of dentures/orthodontic appliances.

Clinical Examination
Assessment of TMD, Depression, Somatization,
and Mandibular Mobility. The assessment of TMD,
psychosocial status, and mandibular mobility was per-
formed in accordance with the Research Diagnostic
Criteria for TMD (RDC/TMD)."® The RDC/TMD has a
dual-axis approach: Axis | obtains the clinical diagnosis
of TMD, and Axis Il assesses the levels of chronic pain,
depression, and somatization. Additionally, data con-
sidering characteristic pain intensity (present, worst,
and average pain intensity as reported on a 0 to 10
verbal numeric rating scale [NRS], with O representing
no pain and 10 indicating the worst pain the subject
has ever experienced) and pain duration were extract-
ed from the RDC/TMD history questionnaire. Vertical
jaw motion and lateral and protrusive excursions were
assessed according to Axis |. Minimum normal jaw
opening was considered to be 35 mm, minimum lateral
motion 7 mm to both right and left sides, and minimum
protrusion 6 mm.':20

Salivary Flow and Oral Dryness. Sialometry
was carried out at a fixed time of the day: between
9:00 and 11:00 am. The subjects were instructed
to refrain from eating, drinking, and any oral hygiene
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for 2 hours preceding the saliva sampling. The sub-
jects were seated in a dental chair and relaxed for
5 minutes and were then instructed to make as few
movements as possible, including swallowing, during
the saliva collection procedure. Unstimulated whole
saliva was collected using the spit method as de-
scribed by Navazesh.®° The collection was initiated
immediately after an initial swallow. Subsequently,
saliva was allowed to accumulate in the floor of the
mouth without stimulation of saliva secretion by
means of orofacial movements. The participants then
expectorated into 10-mL plastic containers once
per minute over a 5-minute period and were asked
to expectorate residual saliva into the container. The
saliva-filled plastic containers were reweighed, and
the original weight of the containers subtracted from
the new weight. Whole unstimulated saliva flow was
expressed in milliliters per minute (which is nearly
equivalent to grams/minute).®® A salivary secretion
rate of 0.1 mL/minute or less was considered low un-
stimulated saliva flow (hyposalivation).3' The question
“Does your mouth usually feel dry?” was used as the
means to assess subjective oral dryness, as recom-
mended previously.52

TMD, depression, somatization, and mandib-
ular mobility were recorded by an examiner (1.M.),
while salivary flow and subjective oral dryness were
assessed by another investigator (J.K.) who was
masked to the subject’s group.

Statistical Analyses
Statistical calculations were performed by using
Statistical Package for Social Sciences (SPSS)
19.0 for Windows (IBM). The means, SDs, and fre-
quencies were calculated. Kolmogorov-Smirnov test
showed that salivary output data were normally dis-
tributed (P = .598). For intergroup analysis, the fol-
lowing tests were used: independent Student ¢ test
for comparison of age, salivary flow, and opening
range; Fisher exact tests for comparison of dry mouth
and hyposalivation; and Mann-Whitney test to analyze
differences in depression and somatization scores.
Differences in salivary flow were further inves-
tigated with respect to TMD pain, depression and
somatization, diagnostic group as determined by
the RDC/TMD, and mandibular mobility. To simplify
the interpretation of the relationships with salivary
flow and to avoid difficulties arising out of low cell
frequencies, Axis Il variables were dichotomized into:
chronic pain grade 0 vs chronic pain grade = 1; and
normal vs moderate/severe depression or somatiza-
tion. Similarly, patients with any of the investigated
movements below limit values were classified as pa-
tients with restricted mandibular movements. To eval-
uate differences in salivary flow, independent Student
t test was used for Axis |l variables and hypomobili-
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ty, while one-way analysis of variance (ANOVA) was
performed between RDC diagnostic categories in
the TMD group. Correlation was quantified through
calculation of Spearman’s correlation coefficient, as
the sample size was too small to use Pearson’s cor-
relation. In addition, Cohen’s d was calculated to as-
sess the magnitude of effect of TMD, TMD-related
pain, depression, somatization, and restricted jaw
movements on salivary flow rate.

Factors with P < .05 in the bivariate analysis were
included in the multivariate modeling. Multivariate lin-
ear regression was used to investigate the joint effect
of the predictor variables on the unstimulated salivary
flow rate. Age was also included, as it is known to in-
fluence salivary flow. For all analyses, the significance
level was a = 5%.

Results

The overall age distribution was similar among
the controls and TMD patients (patients vs con-
trols, mean = SD = 26.3 *+ 4.5 years vs 27.3 *+ 4.9
years; P = .368). TMD diagnoses, as well as other
clinical characteristics of the patients, are present-
ed in Table 1. Chronic TMD pain was observed in
48.9% of the patients, with worst pain intensity being
4.59 + 1.79 on the NRS.

The frequency distributions for depression/
somatization scores and range of pain-free and max-
imal mandibular opening for the TMD patients and
controls are presented in Table 2. Altogether, 66.2%
of the TMD patients and 36.7% of the controls re-
ported depressive symptoms, and the difference
in depression scores was significant (P = .018).
Somatization was evident in 40% of the TMD sub-
jects and 36.7% of the controls. Among the TMD pa-
tients, 6 (13.3%) showed limited unassisted opening
without pain, 1 (2.2%) limited maximal opening, 13
(28.9%) limited laterotrusion, and 3 (6.7%) limited
protrusion. In total, 19 (42.2%) of the TMD patients
showed restriction in at least one mandibular move-
ment. The range of unassisted opening without pain
was significantly lower (P = .041) in the TMD group.

The mean unstimulated salivary flow rate for the
TMD group was significantly lower than that of the
control group, giving a medium effect size (P = .010,
Cohen’s d = 0.59). Hyposalivation values (< 0.1 mL/
minute) were found in only one subject in each group,
while subjective feeling of dry mouth was reported
by three subjects in the TMD group and two in the
control group (Table 3). None of the subjects with
observed hyposalivation reported oral dryness.

Within the TMD group, unstimulated salivary flow
was significantly lower in patients with limited man-
dibular movements (P = .037) and in those free from
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Table 1 Prevalence of Axis | Diagnoses? and

Pain Characteristics in TMD Patients

Table 3 Unstimulated Salivary Flow Rate,

Hyposalivation, and Dry Mouth
Sensation in TMD Patients and Controls

TMD group Control group
(h = 45) (h =30) P

TMD group
(nh = 45)

Axis | diagnosis n %
Myofascial pain

Without limited opening 1 24.4

With limited opening 5 1.1
Disc displacement

With reduction 17 37.8

Without reduction, with limited opening 0 0.0

Without reduction, without limited opening 6 13.3
Other joint conditions

Arthralgia 13 28.9

Arthritis 0 0.0

Arthrosis 0 0.0

Combined 7 15.6
Graded Chronic Pain Scale®

Grade O 23 51.1

Grade | 17 37.8

Grade Il 5 11.1

Grade Il 0 0.0

Grade IV 0 0.0
Pain intensity in TMD patients with pain
(0-10 NRS) (mean  SD)

At present 2.06 +2.32

Worst 459 + 179

Average 3.68 +2.03
Duration of pain in TMD patients with 34.18 + 28.24

pain (mo) (mean * SD)

Unstimulated salivary flow 0.34 £0.17 046 +£0.23 .010
rate, mean + SD (mL/min)

Hyposalivation, 1 1 NS
n (< 0.1 mL/min)
Dry mouth, n 3 2 NS

NS = nonsignificant; SD = standard deviation.

Table 4 Unstimulated Salivary Flow Rate with
Respect to Presence of Depression,

Somatization, Chronic Pain, and
Restricted Mandibular Movements in
TMD Patients (n = 45)

Salivary flow
rate mean = SD

NRS = numeric rating scale; SD = standard deviation.

2Since the patients may have had several TMD diagnoses, the sum of the
columns may not match the number of patients in each column.

®Graded Chronic Pain Scale: Grade O = no TMD pain in the last 6 months;
Grade | = low disability, low intensity of pain (characteristic pain intensity

< 50 and < 3 disability points); Grade Il = low disability, high intensity

of pain (characteristic pain intensity > 50 and < 3 disability points);

Grade IIl = high disability, moderately limiting (3 to 4 disability points re-
gardless of characteristic pain intensity); Grade IV = high disability, severely
limiting (5 to 6 disability points regardless of characteristic pain intensity).

Table 2 Depression, Somatization, and

Mandibular Movements in
TMD Patients and Controls

TMD group  Controls
(nh = 45) (h = 30) P

Depression, n (%)

Normal 17 (37.8) 19 (63.3) .018

Moderate 18 (40.0) 9(30.0)

Severe 10 (22.2) 2 (6.7)
Somatization, n (%)

Normal 27 (60.0) 19 (63.3) NS

Moderate 8(17.8) 9 (30.0)

Severe 10 (22.2) 2 (6.7)

Unassisted opening 45,68 £ 9.21 49.83+7.20 .041
without pain,

mean * SD (mm)

Maximum unassisted 4957 + 6.73 49.83 + 720 NS
opening,

mean £ SD (mm)

SD = standard deviation; NS = nonsignificant. Depression: normal
< 0.535; moderate 0.5635-1.105; severe > 1.105; Somatization (pain
items included): normal < 0.500; moderate 0.500-1.000; severe > 1.000.
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n (mL/min) P

Depression

With 28 0.38 £0.15 NS

Without 17 0.28 £ 0.19
Somatization

With 18 0.42 + 0.14 015

Without 27 0.29 £ 0.17
Chronic pain

With 22 0.37 £0.16 NS

Without 23 0.31 £ 017
Restricted mandibular movements

With 19 0.28 £0.18 .037

Without 26 0.39 £ 0.15

NS = nonsignificant.

somatization (P = .015) (Table 4). Salivary output
was not related to chronic pain (P = .208), depres-
sive symptoms (P = .064), or any of the TMD subdi-
agnoses (ANOVA, F = 0.970, P = .416). Correlation
analysis revealed that salivary flow in TMD patients
was not correlated with range of pain-free opening
(rs = .073; P = .632) or maximal mandibular opening
(r, = 0.226; P = .136). In comparison to the controls,
unstimulated salivary flow was lower in TMD patients
with depressive symptoms, somatization, chronic pain,
and restricted mandibular movements, but this differ-
ence was significant only for mandibular hypomobility,
with a large effect size (P = .005, Cohen’s d = 0.87).
When an additional comparison was performed in
subjects free from both depression and somatization,
salivary output remained significantly lower in TMD
patients with limited mandibular movements (n = 11;
unstimulated salivary flow rate mean + SD = 0.22 *
0.15) than in the controls (h = 17; unstimulated sali-
vary flow rate mean £ SD = 0.46 * 0.24) (P = .006).
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The results of the multivariate linear regression
analysis are presented in Table 5. Somatization was
retained as the independent predictor of unstimu-
lated salivary flow values, irrespective of age, while
limitation in mandibular movements was not a predic-
tor of unstimulated salivary flow (P = .077).

Discussion

The present study has shown that young adult wom-
en with TMD presented lower unstimulated salivary
flow when compared with healthy controls. This find-
ing was related to mandibular mobility and somatiza-
tion, but not to TMD pain or depressive symptoms.
Although there was lower salivary flow in the TMD
sample, it was above the criteria for hyposalivation
(< 0.1 mL/minute). However, it is still significant and
warrants discussion in view of the influence on sali-
vation caused by pain and co-related factors. When
entered into the multivariate models, only somatiza-
tion remained significant.

In order to control for age and gender, which can
influence salivary flow, dry mouth sensation, and TMD
signs and symptoms, the study included only adult
women (aged 20 to 40 years). Additionally, exclusion
criteria were applied to control for other factors known
to impair salivary flow and/or cause xerostomia. Only
unstimulated saliva was collected because it is pres-
ent in the mouth for about 14 to 16 hours of the day
and plays an important role in the maintenance of oral
health. Furthermore, the unstimulated whole saliva
flow rate has been proposed as a test of choice for
detecting reduced salivary flow, since it may be re-
duced even when the stimulated whole saliva is unaf-
fected.®® Reduced salivary flow did not correspond to
hyposalivation in this study; however, it is relevant as a
factor associated with oral discomfort and xerostomia,
common symptoms in chronic orofacial pain.® The
TMD group included patients with and without TMD
pain in order to investigate whether the presence of
pain was related to salivary findings. Although pain is
the most prominent symptom of TMD, barely half of
the investigated TMD patients reported chronic TMD
pain. This could partly be explained by the fact that a
considerable portion of the patients consisted of den-
tal students, who could be more aware of and seek
advice/treatment for various TMD symptoms besides
pain. In addition, patients with pain-related disability
and/or psychological impairment more likely refused
to participate or were excluded from the study for
taking medications. The control group was selected
without any regard to psychosocial status to mimic
the general population, and the possible differences
are more likely to be obscured than overestimated.
Additional analysis for salivary findings, performed in

Mladenovic et al

Table 5 Factors Entered into the Multivariate

Models (P < .05 on Bivariate Analysis)
for Unstimulated Salivary Flow Rate

Model R? B (95% CI) B P
1 0.182

Somatization 0.100 (0.003-0.197) 0.295 .044
Restricted -0.087 (-0.185-0.010) -0.258 NS
mandibular

movements

22 0.182

Somatization 0.102 (0.002-0.201)  0.300 .047
Restricted -0.089 (-0.188-0.011) -0.262 NS
mandibular

movements

#Adjusted for age. B = regression coefficient; 95% CI = confidence
interval; = standardized regression coefficient; R? = coefficient of
determination; NS = nonsignificant.

comparison to controls without investigated psycho-
social disturbances, showed similar findings.

The mean salivary flow rate of 0.46 + 0.23 mL/
minute in healthy females is within the values observed
in previous studies.®43% Patients with TMD appeared
to have lower salivary flow than the controls, but this
value was still close to normal values. Although the
differences in salivary flow values were statistically
significant, a large inter-individual variation in salivary
flow, indicated by a large SD, was observed in both
groups. This variation in flow rate has also been pre-
viously documented and is in line with the findings
of da Silva et al,® who reported lower unstimulated
salivary output in orofacial pain patients, including
those with TMD, compared to control subjects; in ad-
dition, TMD cases reported more oral complaints.248
However, in the current study, only a few subjects
had complaints of oral dryness or showed hyposal-
ivation. This discrepancy in results may be attributed
to the difference in study populations.

The nature of the relationship between TMD and
salivary flow has not yet been identified. It has been
suggested that central sensitization, which plays a
role in chronic pain states, might be responsible for
reduced unstimulated salivary secretion observed in
patients with chronic orofacial pain.® Pain chronifica-
tion due to activation in the central nervous system
of limbic regions and including the hypothalamus and
hypothalamic-hypophyseal-adrenal axis promotes the
increase of release of cortisol and adrenaline, caus-
ing neurovegetative phenomena,” and the reduction
of saliva secretion may occur as a neurovegetative
effect. However, this could not be supported by the
results of the present study, as no relation was found
between unstimulated salivary flow rate and the pres-
ence, intensity, or duration of TMD pain. The disparity
in findings between the current and previous study?®
might be related to many factors, including differenc-
es in age and gender ratio, type of pain condition,
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additional medical diagnoses, use of medications,
teeth loss, and/or wearing dentures. In addition, the
absence of a relationship between pain symptoms
and salivary output in the present study might partially
be explained by less severe pain in the present patient
population. In accordance with the current findings,
Siviero et al® found that the most common neuropath-
ic pain syndromes did not differ in unstimulated sali-
vary output in comparison to age-matched controls.

Somatization has been suggested to be an under-
lying factor of diverse salivary complaints for which
no organic pathologic cause can be found. Excessive
salivation is a common complaint observed among
patients with somatoform disease, but salivary flow
measurements have failed to verify the presence of
sialorrhea.’”® Salivary output in somatized patients
was significantly higher in the TMD group in the pres-
ent study, but was still similar to that of the controls.
Somatization was the only factor that remained sig-
nificant as an independent predictor of salivary flow
rate. Repeated sampling technique and the combi-
nation of unstimulated/stimulated saliva could have
improved the results in this aspect.

Evidence from human studies suggests that mas-
ticatory muscle activity with or without tooth contact
stimulates salivary secretions from salivary glands,??
while a prolonged decrease in mastication may di-
minish resting and stimulated salivary output.?®24
Hemodynamic changes in the masseter muscle have
been suggested to be related to altered salivary se-
cretion in TMD patients."" Within the TMD group in
the present study, salivary output was lower in pa-
tients showing restricted mandibular movements,
and these results were confirmed with respect to
healthy counterparts as well when somatization was
eliminated. These findings support the hypothesis
that limited mandibular movement might play a role in
reduced salivation. However, when entered into the
multivariate model, restriction in mandibular move-
ment was not a predictor of unstimulated salivary
flow. Stimulated whole saliva produced by chewing
is a reflex secretion, which might be impaired in the
presence of hypomobility and should be investigated
in future studies.

There are several limitations in the present study
that should be addressed. Variables that might also
be considered when evaluating salivary findings in
TMD patients are anxiety and stress, since these fac-
tors are related to lower salivary output,'®'” are ele-
vated in subjects with TMD,'22¢ and could be present
independently of depressive disorders in some pa-
tients.®” Secondly, the present study was limited to
young adult women, so the findings cannot be gen-
eralized. Experimental sessions were done regard-
less of the menstrual phase, and possible effects
of estrogen on salivary flow in a group of women of
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reproductive age cannot be neglected. Finally, the
assessment of jaw mobility was based only on RDC/
TMD parameters. These issues should be addressed
in future studies.

Conclusions

Despite the limitations mentioned above, this study
showed an association between TMD and lower
salivary flow, but no evidence was found of its rela-
tionship with subjective oral dryness in young adult
women. Salivary flow rates for women with TMD were
approximately 26% lower than those for the healthy
controls, but still close to normal values according to
the literature. Somatization was the single variable to
emerge from the evaluation of potential factors con-
tributing to salivary output in TMD patients. The hy-
pothesis that TMD patients would show decreased
salivary flow and increased xerostomia and that these
changes would be related to the experience of chron-
ic pain or presence of depression could not be sup-
ported. Other studies must be designed to confirm
the present findings and fully explain the mechanisms
by which TMD exerts its effects on salivary gland
function.
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