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Abstract: Salivary alpha-amylase (sAA) is a marker of psychological stress and might also be
a potential marker for pain-associated stress due its non-invasive, cost-effective, and stress-free
collection. The current study aimed to investigate whether the levels of sAA are influenced by
experimentally induced muscle pain. In this study, 26 healthy, pain-free and age-matched participants
(23.8 ± 2.6 years) were included, 13 women and 13 men. Prior to the experiment, questionnaires
assessing health and anxiety were completed. Muscle pain was then induced through intramuscular
injection of 0.4 mL hypertonic saline (56.5 mg/mL) into the masseter muscle and unstimulated
whole saliva samples were collected at baseline before injection, 2 min, and 15 min after injection.
A commercially available colorimetric assay was used to analyze the sAA. Perceived pain and stress
were assessed using a 0–100 Numeric Rating Scale for each sample. There were no significant
differences in sAA levels prior and after injection of hypertonic saline (p > 0.05) although sAA levels
showed a slight decrease during experimentally-induced muscle pain. However, a strong correlation
was observed between self-reported pain and perceived level of stress during experimentally-induced
muscle pain (r2 = 0.744; p < 0.0001). Furthermore, there was a moderate correlation between the levels
of sAA at baseline and during experimental pain (r2 = 0.687; p < 0.0001). In conclusion, this study
could not show any association between the levels of sAA and perceived pain and or/stress. However,
since a significant strong correlation could be observed between perceived stress and pain intensity,
this study indicates that experimentally-induced muscle pain could be used as a stress model.
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1. Introduction

Saliva is produced by three major glands and several minor accessory glands. Human saliva has
several important functions, such as moistening and lubricating the oral tissues and functioning as
a taste solvent and a swallowing agent. Salivary alpha amylase (sAA) is one of the most essential
enzymes in saliva and is mostly synthesized by the parotid gland [1–4].

Secretion of alpha amylase from the salivary glands is controlled by autonomic nervous system
(ANS) and substantial literature reveals that secretion of sAA seems to correlate to sympathetic activity
under conditions of stress [3,5–9]. The first study examining sAA levels in subjects being exposed to
hyperbaric pressure during several days, by Gilman et al., showed a higher concentration of sAA in
saliva [10]. This and numerous other studies since then have suggested that these increases are due to
the hyperbaric pressure and the effect it has on ANS, but also due to psychological stress that the subjects
are exposed to, indicating that sAA could be a non-invasive marker for psychological stress due to
the activation of the sympathetic-adreno-medullar (SAM) system [3,5–8,11–16]. Based on this, one can
assume that sAA is a valuable marker for assessing sympathetic activation. However, the validity still
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remains debatable since sAA activity does not always strongly correlate with sympathetic activation [17].
Since painful stimuli activate two major stress response systems, one of them being the SAM system,
sAA might also reflect on pain associated stress levels [6–9,11,18–23]. Previous studies have shown
that sAA has a direct response to a stressful stimulus [24], shorter latency time to peak level, and no
carry-over effect compared to cortisol [21–23]. Based on this, and since some studies have also shown
significant correlations between self-reported pain and levels of sAA, it is likely that sAA could serve
as a potential objective non-invasive tool for pain assessments [21–23].

Self-reported pain is important for adequate therapy, but in some cases, where patients are unable
to subjectively assess pain, an objective method would be preferable. Saliva sampling has a lot of
advantages: it is easy to collect, non-invasive, cost-effective, and stress-free [25]. Salivary samples can,
therefore, be collected without being contingent on any medical staff, which makes it uncomplicated
and accessible. In addition to the easy procedure of sampling, it is also easily stored. Saliva samples
offer a non-invasive method in contrast to other sampling methods, e.g., blood or cerebrospinal fluid.
These procedures might also be accompanied by anxiety or pain, which are stressors themselves [25–27].
Despite the advantages, there are a few drawbacks that need to be considered. sAA levels are not
specifically only triggered by pain; other stressors also have an impact on sAA activation, such as
exercise and physical and psychosocial stress [17]. A study by Takai et al. showed that sAA levels
correlate to perceived anxiety [16]. sAA levels also vary among humans due to the human salivary
amylase gene and are positively correlated to sAA protein levels [28]. Activation of a stress marker such
as sAA offers the opportunity to collect data from nonverbal or preverbal toddlers, geriatric patients,
infants, and patients with cognitive restrictions or even anxious or sensitive patients in a context that
would indicate pain. This would be very valuable and could lead to less suffering, as well as more
accurate and/or individualized pain therapy.

The aim of this study was to investigate if the experimentally-induced muscle pain influences
the level of sAA, and if the levels of sAA correlates with the pain intensity. The hypothesis was that
experimentally-induced muscle pain will affect the ANS and consequently result in increased secretion
of sAA.

2. Methods and Materials

2.1. Participants

Twenty-six healthy participants, 13 men and 13 age-matched women, were included in the study,
with a mean ± SD age of 23.8 ± 2.6 years. The participants were recruited through an advertisement on
social media and among undergraduate dental students at Karolinska Institutet, Huddinge, Sweden.

Inclusion criteria were: (a) good general health; (b) age ≥ 18 years; and (c) body mass index
<30 kg/m2. Participants also had to maintain exceptional oral hygiene on the day of collection.

Exclusion criteria were: (1) any current pain; (2) a pain-related diagnosis according to the diagnostic
criteria for temporomandibular disorders (DC/TMD) [14]; (3) a diagnosed systemic muscular or
joint disease; (4) whiplash-associated disorders; (5) neurological or neuropsychiatric disorders;
(6) pregnancy or lactation; (7) high blood pressure; (8) use of any medication; (9) oral complaints;
and (10) tobacco usage.

All participants received information regarding the objectives and procedures of the study and
gave their informed written consent before the start of the experiment. The study protocol was
approved by the Swedish Ethical Review Authority, Sweden (2019–00494, 18 February 2019) and
followed Good Clinical Practice and the guidelines according to the Helsinki declaration.

2.2. Study Design

All participants who fulfilled the inclusion criteria underwent a clinical examination according to
the Swedish version of the DC/TMD axis I [29]. The evidence-based protocol was used as a screening
instrument for identification of participants with TMD signs. Participants showing clinical signs of
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TMD (except for disc displacement without reduction, which was considered as normal fluctuation)
were excluded from further involvement in the experiment.

Prior to saliva collection, participants were instructed to fill in validated questionnaires to assess
the degree of depression, somatic symptoms, and current and general anxiety. The perceived health
questionnaires (PHQ) were used to assess anxiety (PHQ-9) and somatization (PHQ-15). PHQ-9
consisting of nine questions regarding depression, asking how often over the past two weeks
the participants have been bothered by various feelings related to depressive symptoms, with four
possible answers 0 (not bothered), 1 (several days), 2 (more than half of the days), and 3 (almost every
day). Scores ranged between 0 and 27, and scores of 5, 10, 15, and 20 were considered cut-off values for
mild, moderate, moderately severe, and severe depression, respectively. Studies of the reliability and
validity in adults shows that the PHQ-9 has a 61% sensitivity and 94% specificity [30,31]. The PHQ-15
is a somatic instrument including 15 somatic symptoms or symptom clusters that account for more
than 90% of the physical complaints. In determining the PHQ-15 score, each symptom is coded as 0, 1,
or 2, and the total score ranges from 0 to 30. Scores of 5, 10, and 15 are considered cut-off values for
mild, moderate, and severe somatic symptoms, respectively [32,33]. The State-Trait and STAI-Strait
Anxiety Inventory (STAI) is a validated useful instrument to assess mental health. The STAI-Strait
consists of questions regarding how the participants feel at the moment, and the STAI-Trait describes
how the patients feel in general. It consists of 20 questions with a range of four possible answers
representing each types of anxiety, 1 (no), 2 (very little), 3 (pretty high), and 4 (very high). Total scores
range from 20 to 80, with the higher scores representing a correlation with greater anxiety [16].

The experiment began by randomizing the side for intramuscular injection of hypertonic saline.
During the study, unstimulated whole saliva was collected at three time points: at baseline before
induced pain, during experimentally-induced muscle pain, and 15 min after the induced pain for
measurement of the sAA activity. Before each saliva sampling, the perceived pain and stress were
assessed using a Numeric Rating Scale (NRS). The scale range was from 0–100, where 0 was no stress
or pain experienced and 100 was maximal stress or worst pain experienced.

After the first saliva sample was collected, muscle pain was induced by an intramuscular injection
of hypertonic saline 0.4 mL (56.5 mg/mL) into the prominent part of the masseter muscle during
approximately 30 s. One minute after the injection the participant assessed perceived pain and stress
on a 0–100 NRS. A second saliva sample was collected for another 3 min and the participants were
asked again to assess the perceived pain and stress on the NRS. The third and last saliva sample was
collected 15 min after the injection and the participants were asked to once more assess the perceived
pain and stress on the NRS. They were also asked to assess how stressed they felt during the whole
experiment using the Rated Perceived Exertion (RPE) graded from 0 (no perceived stress) to 10
(maximum perceived stress). The Rated Perceived Exertion scale was used to measure the experienced
exertion [34].

2.3. Saliva Collection

The participants were instructed not to eat, drink, or brush their teeth a minimum of one hour
prior to sample collection. To avoid variation of sAA secretion due to the diurnal changes during
the day, most of the samples were collected in early afternoon.

Unstimulated whole saliva was collected while the participants were seated comfortably with
eyes open and head slightly tilted forward, as previously illustrated by Jasim et al. [25]. Participants
were instructed to allow saliva to accumulate on the floor of the mouth without stimulation and
passively drool into a polypropylene tube. Saliva was collected for a total time of 3 min, at three time
points—prior, 1 min after injection, and finally 15 min after injection. The samples were directly stored
at −20 ◦C until analysis.
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2.4. Salivary Alpha-Amylase

Saliva samples were thawed, vortexed, and centrifuged at 1500× g for 15 min in order to remove
mucins and debris. All samples were diluted and assayed in duplicate in order to reduce the margin
of error. sAA activity were measured using a commercially available enzymatic assay kit according
the instructions from the manufacturer (Salimetrics, State College, PA, USA).

2.5. Statistics

The sample size was based on a power calculation showing that 25 participants were needed to
be able to reject the null hypothesis, given a significance level of p < 0.05, a power of 80%, an estimated
mean difference of 35%, and a standard deviation of 60% (based on a previous study not yet published).

The Shapiro-Wilks test was used to study the distribution of the data. Differences in descriptive
variables between males and females in the study were tested with the Mann-Whitney U-test since
most variables did not show normal distribution. Analysis of variance (Friedman’s ANOVA) was
used for repeated measurements to analyze the variation of sAA, perceived stress, and pain over time.
When significant, post-hoc analysis with Wilcoxon matched pair-test was applied and adjusted for
multiple comparisons according to Bonferroni.

The Spearman correlation test was used to test for significant correlations between variables
with additional Bonferroni adjustments. Descriptive data are presented as mean ± SD or median and
interquartile range (IQR). For all analyses, the significance level was set at p < 0.05. The statistical
analyses were performed using Statistica version 13 (StatSoft, Tulsa, OK, USA).

3. Results

3.1. Data Overview

Descriptive data of the participants (n = 26) included in the experiment are presented in Table 1.
Males and females were similar in background factors and reported similar levels of psychological
factors (p > 0.05), which is why data further on are presented on a group level.

sAA levels showed no significant differences between sexes at baseline or after injection. However,
the sAA level 15 min after injection was significantly higher in males compared to females (Z = −2.09;
p = 0.04).

Table 1. Descriptive data. Overview of the participants in the study. Questionnaire scores are presented
as mean ± standard deviation or as median (interquartile range). There were no statistical differences
between males and females in any of the variables, p > 0.05, Mann–Whitney U-test.

Variable Males Females Statistics

Number of participants 13 13
Age (years) 23.7 ± 2.7 23.8 ± 2.8 Z = 0.26; p = 0.80

Baseline pain (NRS) 0 (0) 0 (0) Z = 0.31; p = 0.76
Baseline stress (NRS) 0 (20) 15 (38) Z = 1.64; p = 0.09
PHQ-9 Score (0–27) 3 (3) 3 (6) Z = −0.01; p = 0.94

PHQ-15 Score (0–30) 2 (3) 3 (3) Z = 1.44; p = 0.15
STAI-STAIT 47 (7) 46 /7) Z = −0.28; p = 0.78
STAI-TRAIT 46 (6) 46 (8) Z = −0.36; p = 0.72
RPE (0–10) 2 (2) 2 (1) Z = 1.38; p = 0.17

Abbreviation: NRS = Numeric Rating Scale; PHQ = The Patient Health Questionnaire; STAI = State and Trait
Anxiety; STATE = current anxiety; TRAIT = anxiety in general; RPE = Rated Perceived Exertion.

3.2. Changes in Salivary Alpha-Amylase Levels

Although the levels of sAA were higher before (87 ± 46.5 U/mL) than during (80.5 ± 37 U/mL) and
after (81.7 ± 63.4 U/mL) experimentally-induced muscle pain, see Figure 1, the statistical analyses did
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not reveal any significant differences in sAA levels between samples collected before, during, or after
experimentally-induced muscle pain (X2 = 1.68; p = 0.43).Diagnostics 2020, 10, x FOR PEER REVIEW 5 of 10 
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Figure 1. Salivary alpha-amylase levels. Levels of salivary alpha-amylase (sAA) measured before (T1),
during (T2), and 15 min after (T3) experimentally induced muscle pain by injection of hypertonic saline
0.4 mL (56.5 mg/mL) into the masseter muscle.

3.3. Changes in Perceived Stress and Pain Level

There was a significant change in perceived stress (X2 = 29.7; p < 0.001) and level of pain (X2 = 49.0;
p < 0.001) between the time points prior, directly after, and 15 min after experimentally-induced muscle
pain. The post-hoc analysis with Bonferroni correction adjusted for multiple comparisons (p < 0.0017)
showed a significant increase in perceived stress directly after pain was induced (Z = 3.57; p = 0.00035),
which then significantly decreased 15 min after injection (Z = 4.01; p < 0.0001) and was at that time
point (15 min after injection) normalized, showing no significant difference compared to baseline
(Z = 2.20; p = 0.028).

Perceived pain was similar to the perceived stress level, which also increased after
experimentally-induced pain, and showed significant differences between all three collection points.
Pain was most intense directly after injection (Z = 4.45; p = 0.0000) and showed a decreasing pattern,
but did not return to baseline levels 15 min after injection (Z = 3.72; p = 0.0002) (Figure 2B).
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Figure 2. Perceived stress and pain. Perceived stress (A) and pain (B) levels measured on 0–100 numeric
rating scale (NRS) before (T1), during (T2), and 15 min after (T3) experimentally-induced muscle pain
by injection of hypertonic saline 0.4 mL (56.5 mg/mL) into the masseter muscle. § indicates significant
difference when compared to baseline.
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3.4. Correlation Analysis

There were no significant correlations between sAA and pain and/or stress after adjustment
for multiple comparisons. The sAA levels assessed prior to injection showed a moderately strong
correlation to sAA levels directly after experimentally-induced muscle pain (rs = 0.687; p < 0.0001).
Furthermore, there were also a strong correlation between the perceived stress and level of pain during
experimentally-induced muscle pain (rs = 0.744; p < 0.0001)

4. Discussion

The main finding of this study was that experimentally-induced pain, i.e., acute pain, did not
affect the levels of sAA, which seems to be in contrast to previous studies [20–23]. However, in contrast
to the previous studies [5,8,20–23], this study used a short lasting, high intensity pain model [35–38].
This could have resulted in a pain state that was too short-lasting to activate the ANS, resulting in a
secretion of sAA. On the other hand, the outcome of this study indicates that the used pain model
seems to be an appropriate experimental model of stress [39].

sAA in the current study design, although non-significant, showed a tendency towards declining
when acute pain was induced. The non-significant alternation in the sAA level during conditions of
pain contrast previous studies investigating sAA in acute and chronic pan settings [7,20–23], but are in
line with some other studies [5,8,18]. sAA has been suggested as an objective tool in pain perception,
and thus far, only a few studies have examined the relationships between sAA and subjective pain
perception [5,7,8,20–24]. Similar to this study design, two of the studies used experimentally controlled
pain stimuli in healthy volunteers [7,24], while others observed the enzyme in patients with clinical
pain states of an acute or chronic character [20–23]. Wittwer et al. studied the correlation between sAA,
pain intensity rated on a visual analogue scale (VAS), and unpleasantness of experimental pain heat
pain tolerance rated on a VAS. They found a significant correlation between VAS intensity and sAA
levels as well as VAS reported level of unpleasantness. However, there was no significant correlation
found between sAA activity and pain tolerance [7]. Another study by Van Stegeren et al. showed a
significant increase of sAA concentrations in healthy subjects during a stressful task, but in contrast to
our study, an additional painful task (cold pressor task) immediately increased the sAA, indicating that
sAA has an immediate response to both stressful and painful stimuli [24]. Unlike our study, both these
studies used temperature as stimuli, which might be a factor explaining why our study could not
repeat the immediate response to the painful stimulus. Other studies have also revealed an association
between sAA level and patients with chronic pain conditions [22,23]. One study, by Shirasaki et al.,
studied the correlation in patients with lower back and leg pain [23], while another study, by Arai et al.,
researched pain in cancer patients [22]. Shirasaki et al. showed a substantial correlation between sAA
and pain intensity in patients suffering from chronic pain. The authors also concluded that the scale is
sensitive enough to measure pain-induced psychological stress [23]. The study by Arai et al. showed a
small but yet significant correlation between sAA activity and pain intensity in cancer patients [22].
However, there are numerous studies that have failed to show significant associations between sAA
and pain intensity ratings [5,6,8,21]. Previous studies investigating sAA level in pain states have
usually measured the amylase level in patients with pain lasting for several weeks, months, or even
years. To our knowledge, this study is the first to observe changes in sAA during controlled, acute pain
in an experimental setting. To compensate for the shorter pain duration compared to earlier studies,
a higher dose of saline was used, compared to previous protocols [36–38], to induce a high intense but
slightly prolonged pain sensation. Based on the study results, one may speculate that pain duration
may have a stronger effect on the ANS and sAA secretion than we originally assumed, and that pain
intensity has less significance. Pain duration may also influence the subjective perception of pain,
and consequently, perceived stress.

Participants reported at baseline a low level of stress, but the levels increased significantly when
pain was present and returned to similar levels as baseline when pain disappeared (Figure 2A.).
Nociceptive stimuli are among the most powerful inducers of stress responses, and these results
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strongly indicate that injection of hypertonic saline increases psychological stress, and could thus be
used as a suitable model of stress [39]. Animal studies in mammals have shown that a single injection
of silane solution triggered a clear stress response on a systemic level, as well as in stress sensitive
regions of the brain [40]. The subjective stress response reported by our participants were moderate
and somehow weaker than reported by other stress models [39]. This may be due to the short duration
of pain induced by the hypertonic saline injection or even by the study cohort that consisted of young
university students that are used to be in stressful situations.

Hypertonic saline injections have been used extensively to induce muscle pain, since the quality
of the pain mimics acute clinical muscle pain [36,37]. The participants in the study reported moderate
pain intensity, with a peak after 30 s that spreads to adjacent regions and pain referral to other structures
similar to several previous studies [36–38]. Hence, the quality of pain induced can be regarded as
clinically relevant. The pain duration, however, was prolonged compared to previous findings with
pain models using 0.2 mL of hypertonic saline [37,38]. Although pain intensity decreased significantly
15 min after injection, half of the participants still experienced a mild pain sensation, which was a
result of the higher dose compared to previous studies [37,38]. Furthermore, based on previous studies
indicating a rapid response to pain, within 3 min in the study from van Stegeren [24], one can discuss
whether the lack of response is due to the stimulus type and not response time. Heat and cold activate
thermal receptors on Aβ- or C-fibers, while algogenic substances (e.g., hypertonic saline) activate
chemoreceptors on Aβ- or C-fibers [41].

The relationship between subjective pain and sAA are inconclusive. Some studies report a
significant association, while others report no differences. Common in all studies is that they use
perceived pain intensity as a tool to assess pain [7,8,20,22,23]. However, pain intensity itself may
not be a reliable tool for assessing pain, especially for pain in the orofacial region [42,43], since other
factors seems to play an important role in the individual’s perception of the pain experience [44].
Several studies have shown that subjective pain level poorly correlate to several biomarkers shown
to be related to pain [26,45–47], but rather to different variables such as physical and psychological
functioning [42,43,48–50]. Therefore, the multidimensional experience of pain [51], including not
only intensity, but also the cognitive and affective component, should be taken into consideration in
further studies [52–56]. The lack in most previous studies of evaluating physical and psychological
parameters further strengthens the concept that the pain intensity itself might not affect sAA secretion.
An additional problematic issue is the use of a single dimension scale when measuring pain intensity,
such as the VAS. Although it has been the most used scale for pain measurement, it is not capable of
identifying the multidimensional experience of pain, which is a limitation of most studies [42].

Several studies have reported higher pain intensity and a lower pain threshold and pain tolerance
in women compared to men [57,58], which contradict the results in our study showing no significant
differences between sexes. These results may be due to the rather young participants enrolled in
the experiment without great experience of pain in earlier in life, and the large variation between
participants in the relatively small study group erasing such differences.

A strength in our study design was the healthy homogeneous group and the controlled study
environment. It was ensured via the anamnesis and the oral examination that the participants were
healthy, and they were matched for age and gender to eliminate the influence of these factors on
enzyme activity or reported stress levels. The pain model applied are well-known, and numerous
studies have shown good reliability [36–38]. The experiment and sample collection followed the exact
same protocol for all participates, and to avoid variation in sAA secretion, experiments were mainly
conducted during the early afternoon.

Nevertheless, our findings should be interpreted within the context of certain limitations.
For instance, the pain induced had a short duration, which does not accurately mirror pain under normal
pathological circumstances, and the participants were aware of the experimental pain, which may have
influenced the stress response. However, the experimental protocol was very rigorous, which should
remove such a confounding factor. Furthermore, one factor that may have affected the sAA levels
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is the human salivary amylase gene, of which the expression is affected by the amount of starch in
the diet [28]. When analyzing the results, it could also be observed that more than half of the participants
still reported mild pain 15 min after the injection. This time interval was set based on earlier experiments
showing that the pain experiences usually decreases 15 min after injection of the hypertonic saline
into the masseter muscle [36,37]. It may be suggested to wait longer than 20–30 min for the pain to
completely disappear until saliva is collected.

To conclude, this study could not show any association between the levels of sAA and perceived
pain and or/stress, which agrees with the variety of different results regarding the levels of sAA.
This indicates that it might not be pain itself that influences the levels of sAA, but instead the duration
of the perceived discomfort/unpleasantness induced by pain. Furthermore, this study showed that
even experimentally-induced pain induces stress, based on the significant strong correlation observed
between perceived stress and pain intensity. Hence, this study indicates that experimentally-induced
muscle pain could be used as a stress model. However, further studies need to confirm this outcome.
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