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Introduction
Loss of teeth leads to functional or structural 
disturbances to hard and soft oral tissues 
causing resorption of bone, supra‑eruption 
of opposing teeth, shifting of teeth towards 
edentulous space, malocclusion leading 
to TMJ problem, loss of facial aesthetics, 
depreciation in nutrition, difficulty in speech 
and mastication; hence, replacement of lost 
teeth is mandatory to improve overall physical, 
mental and social health of patients.[1,2] Various 
options are available for the replacement 
of missing teeth, which include removable 
partial dentures, fixed dental prostheses (FDP), 
complete denture , and implants.[3] FDP is the 
widely used restoration for the replacement of 
missing teeth.

Psychologic stress can raise due to dental, 
systemic, and social disorders.[4,5] Studies 
have proven the association between 
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Abstract
Background: Clinical studies have established mastication as a stress relaxation behavior in humans. 
Absence of teeth compromises mastication, increasing psychologic stress in individuals depicted by 
many physiologic changes in body. Quantitative level of psychologic stress bio-markers serve as 
indicators of underlying physical ailment. Lesser literatures are available in determining the role of 
alpha amylase stress bio marker in partially edentulous clinical situations. Aim: The purpose of this 
clinical study was to evaluate the levels of salivary alpha-amylase (sAA) stress biomarker in partially 
edentulous subjects before and after restoration with fixed dental prosthesis. Material and Methods: 
Forty partially edentulous patients with missing mandibular first molar were selected for this study. 
Two questionnaires, state trait anxiety inventory (STAI) and perceived stress scale (PSS) was used to 
evaluate stress and anxiety levels of participants. The recruited participants were treated with metal 
ceramic fixed dental prosthesis (FDP). A visual analog scale (VAS) was used to determine the patient 
satisfaction .Unstimulated salivary samples were collected preoperative, 3rd and 6th month post FDP 
placement. Level of sAA was estimated. Data obtained in the form of mean ± SD was subjected to 
statistical analysis using paired sample t-test (α=.05). Results: The salivary alpha amylase level was 
highest with mean of 36.73 µM/min/mg ptn before restoration with FDP. In the third month after 
prosthesis placement, the enzyme values decreased to16.62 µM/min/mg ptn and least value of 8.58 
µM/min/mg ptn was detected in sixth month (P < 0.05). Conclusion: The salivary alpha amylase 
stress biomarker decreased after tooth replacement with FDP. 
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mastication and parafunctional activities 
such as nail‑biting, lip biting, or cheek 
biting as stress adaptation behavior.[6] The 
acquired habits can alter the levels of stress 
markers due to the changes arising in the 
hippocampus and hypothalamus.[7]

The psychological stress is evaluated 
through various markers present in the 
blood, urine, saliva, cerebrospinal fluid, 
gingival crevicular fluid.[8] The saliva is a 
noninvasive Marker that requires no special 
equipment for collection; storage is easier 
when compared to other fluids. Numerous 
salivary biomarkers were evaluated in the 
literature. Salivary alpha‑amylase  (sAA) 
has a direct correlation and better 
association between neuronal activities 
of sympathetic and parasympathetic 
branches of the autonomic nervous 
system  (ANS).[9] Several questionnaires 
such as perceived‑stress‑scale  (PSS), 
State‑Trait‑Anxiety Inventory‑state scale, 
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Ardell Wellness Stress Test, visual analog scale, and social 
readjustment rating scale are available to measure the 
stress, anxiety, and depression syndromes.[10‑12]

Numerous studies are done to determine the levels of sAA 
as an indicator for diagnostic and therapeutic intervention 
for psychological stress.[13,14] In prosthodontic research, 
the authors are unaware of studies that have evidenced 
the replacement of missing teeth with fixed restorations 
reduced psychologic stress of patients with the help of 
biomarkers. Therefore, the purpose of the study was to 
identify the levels of sAA in patients restored with fixed 
dental prosthesis before and after treatment.

Methods
A prospective cohort study was carried out to investigate 
the levels of sAA stress biomarker level in forty partially 
edentulous subjects. Partially edentulous patients with 
missing mandibular first molar were selected and those 
who gave consent to participate in the study were included. 
They were Indian adults who reported to the department 
of prosthodontics at SRM dental college, Ramapuram, 
Chennai, India. Patient selection was made based on 
definitive inclusion and exclusion criteria. The partial 
edentulism index of “American College of Prosthodontists” 
was used for standardization of study. Class I category of 
patients of Prosthodontic Diagnostic Index were involved.[15] 
They represented an uncomplicated clinical scenario, with 
one missing tooth confined to a lower posterior quadrant, 
did not warrant preprosthetic procedures, abutment teeth 
were physiologically sound, Class I molar relationship 
existed, residual ridge structure corresponded to Class I 
complete edentulism characterization.

Both male and female subjects from 20 to 40  years of 
age, with missing mandibular first molar, were selected 
for the study. Stable physical and psychological health, 
first‑time denture wearers with the partial edentulous 
period of maximum 6 months, class I molar relationship, 
devoid of spacing, misalignment, and temporomandibular 
joint disorder were used as inclusion criteria in the study. 
Subjects with psychotic disorders, systemic illness, those 
under lifetime medications, pregnancy, smokers, those 
under steroid therapy in last three months, autoimmune 
diseases, multiple missing teeth, previous denture wearers, 
completely edentulous state, salivary gland disorders, 
obesity, renal disease, those suffering from eating disorders 
such as anorexia nervosa and bulimia nervosa, were all 
excluded from the study.[15]

The selected subjects were requested to fill the State Trait 
Anxiety Inventory (STAI) and PSS questionnaire (Sheldon 
Cohen) to analyze the anxiety and psychological stress 
levels of participants. Participants with low stress and 
anxiety level scores as per the questionnaire were selected 
for the study. Missing tooth of recruited participants was 
rehabilitated with conventional full veneer metal‑ceramic 

FDP. Standardized treatment protocol for fixed dental 
prosthesis was followed.

Salivary samples were collected before the intervention, 
3rd, and 6th months post intervention. A  standard 
method for the collection of salivary samples was 
followed.[16] Appointments were scheduled in the morning 
between 10 AM and 2 PM at least 45  min after brushing 
teeth. Participants were refrained from the intake of any 
food or beverages, performing laborious physical activity 
before the appointment. No dental therapy was performed 
24 h before sample collection. They were also restricted 
from consumption of alcohol, caffeine, nicotine, or any 
forms of drugs 12 h prior to appointment. On the day 
of sample collection, they were instructed to rinse their 
mouth with mouth wash to expel food residues, if any. 
After a waiting period of 15  min, salivary samples were 
collected. Unstimulated saliva from the participant was 
acquired using a passive drool method in a sterile plastic 
5 mL cryovial (Chenchems Pvt Ltd, India). The patient had 
to pool saliva under the tongue and had to gently propel 
the saliva into the collection unit by bending their head 
downward. The collected sample was centrifuged  (Remi 
R‑8C Laboratory centrifuge, India) at 3000  ×g, 10  min 
to obtain a supernatant solution, which was eventually 
shifted to another cryovial using a pipette and stored 
at  ‑80ºc. An insulator freezer box  (Gelid Thermocol 
box, India) was used for transportation of samples to 
testing laboratory  (Herbal Indian Medicine and Research 
Laboratory, Sri Ramachandra University, India) for the 
estimation of sAA.[17]

The levels of alpha‑amylase for all the time intervals were 
documented for all the forty subjects. A  paired‑sample 
t‑test was done to compare mean values between different 
intervals. An independent‑sample t‑test was performed to 
evaluate the mean values between the sexes. The data were 
analyzed using (SPSS v16; SPSS Inc), Chicago, IL, USA.

Results
Initially, 57  patients fulfilled the prosthodontic criteria for 
the need of a fixed dental prosthesis. Later, when they 
filled the stress analysis questionnaire, 17 of the subjects 
became ineligible because of high STAI and PSS scores. 
Finally, forty subjects befitted the eligibility criteria. Of 

Table 1: Paired‑sample t‑test to compare salivary alpha 
amylase mean values between different time intervals

Pair Variable n Mean±SD P
Pair 1 Preoperative, 3rd month 

(µM/min/mg ptn)
40 36.73±0.754 0.000

Pair 2 Preoperative, 6th month 
(µM/min/mg ptn)

40 16.62±0.856 0.000

Pair 3 Third month, 6th month 
(µM/min/mg ptn)

40 8.58±0.592 0.000

SD: Standard deviation
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forty, 22 were men and 18 were women with a mean age 
of 30.98  ±  28  years for males and 30.83  ±  13  years for 
females, respectively.

The overall mean values of sAA in all forty individuals 
before placement of fixed dental prosthesis was 36.73 µM/
min/mg ptn. A  mean value of 16.62 µM/min/mg ptn and 
8.58 µM/min/mg ptn was estimated during the 3rd and 6th 
month postoperatively. The highest levels of sAA levels 
were found before tooth restoration and over the periodic 
evaluation, the values decreased with least found at the end 
of the 6th month postoperatively. The paired‑sample t‑test 
revealed statistically significant difference was obtained 
between the mean values of preoperative and postoperative 
enzyme levels  (P  <  0.05), as shown in  [Table  1]. 
On the comparison between genders, a statistically 
insignificant difference  (P > 0.05) between both sexes was 
established [Table 2]. Negligible numerical variation in sAA 
levels between them was detected. In males, preoperatively, 
it was 36.55 µM/min/mg ptn, 16.23 µM/min/mg ptn, 
and 8.58 µM/min/mg ptn were at the end of 3rd and 6th 
month after tooth restoration. In females it was 30.13 
µM/min/mg ptn, 15.88 µM/min/mg ptn, and 7.95 µM/min/
mg ptn along the study periods.

Discussion
sAA which is secreted on the adrenergic activation process, 
is proven to be an objective measure to identify stress 
levels in subjects. Physiological response to stress activates 
both central and peripheral nervous systems. In the 
central nervous system, the hypothalamus and brainstem 
are stimulated. While the peripheral nervous system 
involves outflow from the hypothalamic‑pituitary‑adrenal 
axis and the ANS–  which constitutes the efferent 
sympathetic‑adrenal‑medullary system and parasympathetic 
system. sAA is synthesized by the main secretory acinar 
cells of salivary glands. Neuronal activation by stress 
causes the release of the enzyme stored in granules before 
secretion into saliva. Proctor and carpenter[18] stated that 
the amount of amylase that is secreted per unit of time is 
directly proportional to the extent of sympathetic activity 
and was a better representation of neuronal activity. In 
this study, amylase output per unit time was calculated 

to directly reflect the same. Granger  et  al.[19] determined 
that the association of stress, level of sAA, and variations 
in the body. Its evaluation in the saliva is an established, 
simple, noninvasive method for investigation of psychotic 
stress in individuals undergoing treatment. Schumacher 
et  al.[13] observed the peculiar molecular structure of 
salivary amylase, making it unique when compared to 
other biomarkers and making it one of the most commonly 
used markers in bio‑behavioral research. Asking  et  al.,[20] 
Speirs  et  al.[21] Chatterton   et al.,[22] Soeda  et  al.,[23] 
Ishiyama et al.,[24] Skosnik  et al.,[25] Takai et al.[26] observed 
an increased level of sAA activity when ANS combines 
both sympathetic and parasympathetic activation of the 
salivary gland.

The definitive association between missing teeth, stress, 
sAA levels, and restoration were used as research questions 
in the current study. This study was hypothesized to 
identify the changes of salivary sAA with the restoration 
of lost missing teeth. The levels of sAA was estimated 
before restoration with conventional FDP and after 3rd and 
6th month of restoration. The study found that a statistically 
significant difference was found in the pre‑operative 
and postoperative mean sAA levels in all forty subjects. 
Increased sAA levels were found before the placement of 
FDP, and the decreased level was found in the post follow‑up 
after the placement of the prosthesis. The results are in 
correspondence in research done by Chatterton  et  al.,[22] 
Gordis   et al.[19] and Nater  et  al.[27] who observed elevated 
sAA enzyme levels in many stress contributing actions 
such as sports activities, mental aptitude tests. Here in this 
study absence of tooth contributed to stress escalation of 
sAA levels. The previous studies evidenced that sAA levels 
altered due to nor‑adrenergic response. Breseghelo et al.,[28] 
Bosch   et al.,[29] Sadi   et al.,[30] Niwa  et  al.[31] determined 
the reduction in sAA during the mastication process due 
to the activity of the sympathetic nervous system. The 
mastication increased activity of the prefrontal cortex 
leading to a reduction in stress markers by the release of 
histamines H1 from hippocampus and activation of the H1 
receptor. These are the scientific correlations from previous 
literature to support that reduction in sAA biomarker levels 
resulted in a decrease in the stress of any origin.

In the current study, insignificant difference was found 
between both males and females during all three intervals 
of sAA estimation. Contradictory results were observed 
by van Stegeren  et  al.[32] where men had higher baseline 
values of sAA than females in un‑stimulated salivary 
samples. But Filaire  et  al.[33] and Nater et  al.[26] found that 
there was no gender difference in sAA levels. In contrast, 
Rohleder   et al.[34] observed levels of sAA influenced by 
cigarette smoking, in which he found higher levels of sAA 
in women than men.

There are several direct, indirect, or mediator 
response‑related factors causing stress to the patients. There 

Table 2: Independent sample t‑test to compare salivary 
alpha amylase mean values between sexes

Variable Sex n Mean±SD P
Age Male 22 30.28±2.87 0.392

Female 18 30.13±3.14
Preoperative 
(µM/min/mg ptn)

Male 22 36.55±1.22 0.548
Female 18 36.95±1.38

3rd month 
(µM/min/mg ptn)

Male 22 16.23±0.602 0.885
Female 18 15.88±0.775

6th month 
(µM/min/mg ptn)

Male 22 8.58±0.317 0.677
Female 18 7.95±0.421

SD: Standard deviation
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is no direct cause and effect relationship derived at the end 
of the study. Negligence to the restoration of even a single 
back tooth can predispose the individual to physiological 
elevation in stress biomarker levels, as inferred from the 
rehabilitation of molar tooth in a clinical situation. Utmost 
care was taken in the recruitment of cohorts for the study. 
Preliminary elimination of subjects with the help of stress 
and anxiety questionnaires enabled to control variables 
before rehabilitation.

Control of confounding factors was done by stringent 
standardization protocol from the recruitment of the most 
eligible cohorts and sound operational practice during 
the conduct of the study. Periodic monitoring of the 
biomarker levels was done at different stages to rule out 
the coincidental relationship between the two variables. 
Nevertheless, more prospective clinical trials are needed 
to find out the direct cause and effect association between 
tooth rehabilitation and sAA biomarker.

The observations made was subjected to the participant 
and situational variables during the study. A  statistical 
significant association between levels of salivary alpha 
amylase and  restoration of teeth with FDP does not 
directly imply the causation of psychological stress in 
participants. With control of variables, the rehabilitation 
of missing teeth with FDP restoration acts as a variable 
component reducing the levels of stress biomarkers. It was 
proved that increases in amylase activity may be one of 
many actions involved in activating the body’s resources 
to cope with the stressful event such as the loss of tooth 
to masticate food. sAA was studied as an acute stressor 
element. Further studies are needed to examine chronic 
changes in sAA concentrations. If the clinical condition of 
long‑term edentulism causes sustained elevation of sAA 
levels due to ANS activity, then it can be detrimental to 
both the physiological and psychological health of the 
patient.[35]

Till date, in evidence‑based prosthodontic research, only 
limited studies on salivary stress bio‑markers are done. 
As a future scope, further studies can incorporate the 
investigation of other salivary biomarkers apart from 
sAA to identify their significance in edentulous patients. 
Different types of dental prostheses and their correlation 
with biomarkers can be studied prospectively. For the 
physical and psychological well‑being of edentulous 
patients, more such prospective clinical trials are required 
to increase immediate awareness in the replacement of 
missing teeth. The following conclusions were obtained 
within the limitations of the study.
1.	 The preoperative mean values before cementation of 

FDP was 36.73 µM/min/mg ptn
2.	 Postoperative mean values of sAA after 3 months 

of placement of FDP were 16.62 µM/min/mg ptn. 
Mean values after 6 months of placement of FDP 
was 8.58 µM/min/mg ptn

3.	 sAA stress biomarker decreased with FDP tooth 
replacement.

Clinical implications

With respect to clinical relevance, it is to draw evidence 
that immediate rehabilitation of missing teeth is of 
paramount importance to psychotic health. Any delay 
in attention can deteriorate the well‑being of subjects as 
reflected by levels of stress biomarkers. This biological 
indicator levels predict the development of stress‑related 
pathologies and behavioral changes in edentulous subjects. 
It is well agreed that sAA is a surrogate marker of central 
nervous system activity, and its levels are a representative 
outcome. The observations made were subjected to the 
participant and situational variables during the study. The 
statistical significant association between levels of sAA 
and restoration of teeth with FDP does not directly imply 
the causation of psychological stress in participants. With 
control of variables, the rehabilitation of missing teeth 
with fixed dental prosthesis restoration acts as a variable 
component reducing the levels of stress biomarker.
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