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Abstract

Aim: This study aimed to record, both subjectively and objectively the anxiety of patients awaiting placement of their first dental
implant and their long term stress levels; and evaluate their relation to the perception of pain by the patient during and after the
procedure.
Methodology: Early morning salivary cortisol samples were collected from 47 patients awaiting the placement of their first dental
implant to evaluate long term stress. The patients filled out a dental anxiety stress questionnaire before the procedure. Heart rate and
oxygen saturation were recorded at four key intervals; in the waiting room, while seated in the dental chair, during the placement of
the implant and five minutes post operatively. The patients were asked to describe their post-operative sensation of pain on a WongBaker facial pain scale. The readings were then compared using regression models to assess the best predictor of pain immediately
after the operation
Results and Conclusion: The regression models showed that while heart rate in the waiting area was a significant predictor of the
reported pain of the patient, long term stress and reported anxiety were not.
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Introduction

their relation to the perception of pain by the patient during
and after the surgery.

Stress is defined as an organism's total response to an
environmental condition or stimulus, also known as a stressor
[1]. Stress has been associated with dental procedures,
especially surgical procedures [2]. This is particularly
relevant in implant dentistry with several authors suggesting
that a relationship exists between dental stress and the pain
perceived by the patient during the placement of the implant
[3-7]. However these studies have relied on questionnaires, the
validity and subjective nature of which may cast a doubt on
their accuracy [1].
Anxiety measurement is important for clinicians because
of the effect it has on the patients’ coping strategy and the
patient management technique used by the dentist [8-10]. The
terms anxiety and fear although related, are distinct from each
other.
The fear experienced by a patient is a subjective
phenomenon that varies from patient to patient [10]. While
scales such as the Wong-Baker facial pain scale and Dental
Anxiety Stress (DAS) questionnaire have been used to measure
the patient’s experience of fear and pain, authors have relied
on physiological indicators such as heart rate to objectively
evaluate the body’s response to pain [6,7].
Over the past decade, salivary cortisol has emerged as an
accurate objective measure of stress, especially in patients
awaiting dental procedures [1,11,12]. It is important to realize
that a difference exists between long term stress, as measured
by salivary cortisol; and short term anxiety that is measured
using scales such as the DAS. While links exist between long
term stress (or stressful life events) and disorders such as
musculo-skeletal pain [13] or early childhood caries [14], far
less is known about the level of impact this has on fear and
behavior in a surgical dental setting.
The aim of this study was to record, both subjectively
and objectively the anxiety of patients awaiting placement of
dental implants and their long term stress levels; and evaluate

Methodology

Ethical clearance for the study was obtained from the research
center of the Riyadh Colleges of Dentistry and Pharmacy. The
methodology followed for the study has been given as a flowchart (Figure 1).
Patient selection
Fifty patients aged between 30 and 60 years who were
scheduled to undergo surgery for the placement of their first
implant were selected from the implant clinic of the Riyadh
Colleges of Dentistry and Pharmacy and the Riyadh Dental
Center of the King Saud medical city. Only partially edentulous
patients who were to undergo single implant placement were
selected for the study. All patients had visited the dentist at
least once previously (for the extraction of their teeth), but did
not have any previous placement of implants. Patients who
had underlying chronic medicals conditions and patients who
were under medication for psychological disorders (factors
that could affect the level of cortisol) were excluded from the
study.
Subjective recording of stress and pain
Patients were administered an Arabic version of the Dental
Anxiety Stress (DAS) questionnaire before the placement of
the implant. They were given a Wong-Baker facial pain scale
after the procedure to describe the level of pain felt during the
placement of implant.
Objective recording of fear and stress
Recording of stress
Stress was analyzed using salivary cortisol as a biomarker
from saliva collected at the first screening visit. Salivary
cortisol was estimated using the Electrochemiluminescence
(ECL) immunoassay using an Elecsys ™ e immunoassay
analyzer and the Cobas™ Salivary Kit (Roche Diagnostics
GmbH, Mannheim Germany).
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Recording of anxiety
Anxiety of the patient was recorded by measuring the heart
rate using a pulse oxymeter during the clinical procedure.
Statistical analyses
Independent t test were used to compare gender differences
in relation to heart rate, oxygen saturation, salivary cortisol
levels and pain scores. Pearson’s correlations were used
to correlate between the reported pain score and possible
predictive values i.e. heart rate in the waiting area, oxygen
saturation, DAS score and salivary cortisol levels.  Two linear
regression models; one with   heart rate in the dental chair
and another with the reported pain score as the dependent
variables were formulated to assess the strength of the
predictive values of the above mentioned predictors. All tests
were set to a significance of p<0.05. All statistical analyses
were carried out using the IBM-SPSS ver.21 data processing
software (IBM corp. Armonk, NY, USA).

Results

Of the 50 patients selected initially two patients had to be
excluded from the study due to the contamination of their

salivary cortisol samples. The sample comprised of 23 males
and 25 females who were aged between 17 and 63 years. The
mean age of the sample was 41.4 years (SD ± 11.08) with
no significant difference between the ages of the males
(42.46 ± 11.98 years) and females (40.36 ± 10.34 years),
(t= 0.713, p = 0.434).
Females had greater Mean Dental Anxiety Score (DAS)
and Salivary cortisol reading than males. However the
independent samples t test showed that neither score was
statistically significant (Table 1). There was a very strong
positive correlation between the DAS score and salivary
cortisol levels (r = 0.468, p<0.001).
When the heart rate and oxygen saturations were measured
it was found that the lowest Heart rate and highest oxygen
saturation were found after the procedure, while the highest
Heart rate and lowest oxygen saturation were found during
the placement of the implant (Figure 2). While males had
significantly lower heart rates and considerably less variation
in heart rates when compared to females, no such differences
existed for the oxygen saturation (Table 2).
The pain immediately after the operation perception

Table 1. Gender Differences in Salivary Cortisol and DAS score.

Salivary Cortisol Level (µg/dL)
DAS Score

Mean
19.90
38.59

Male
Standard eviation
13.09
10.14

Mean
29.78
43.04

Female
Standard eviation
28.58
8.41

t

Sig

-1.479
-1.664

.143
.107

50 patients awaiting placement
of their ﬁrst dental implant
Administration of the Dental
Anxiety Stress Questionnaire
Waiting Room 30 min
prior to procedure

Collection of Saliva
Measurement of heart rate
and O2 Saturation

Patient Seated in Dental
Chair

Surgical placement of
implant

Measurement of heart rate and
O2 Saturation

Waiting Room 5min
after procedure

Compilation of Data and Statistical Evaluation
Figure 1. Flow Chart of the Methodology used.
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Table 2. Gender Differences in heart rate and oxygen saturation.
Heart rate in Waiting Area
Heart rate in the Dental chair
Heart rate During Procedure
Heart rate 5 Min After Procedure
Oxygen in Waiting Area
Oxygen in Dental Chair
Oxygen During Procedure
Oxygen 5 min After Procedure

Gender
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

Mean
79.9545
91.7200
75.2273
88.5600
77.3182
92.2800
75.1818
85.8800
97.2727
97.6000
97.1818
96.3200
95.1818
95.3200
97.7727
94.7600

Std. Deviation
10.37615
13.07835
8.94391
10.84773
9.89173
14.34840
10.62628
11.15168
2.43353
3.05505
2.15222
5.35973
6.82179
7.43707
1.06600
9.26589

T

Sig

-3.888

.001*

-4.559

.000**

-4.105

.000**

-3.355

.002*

-.402

.689

.705

.484

-.066

.948

1.154

.137

* Significant at p<0.01
** Significant at p<0.001
Table 3. Correlations between reported pain score and the different possible predictive variables.

Reported Pain Score

r
sig

Heart Rate in the waiting area Oxygen saturation in the waiting area DAS Score Salivary Cortisol Level
.305*
-.028
.147
.128
.037
.850
.325
.390

* Significant at p<0.05
Table 4. Regression Model with reported pain score as the dependent variable and heart rate, cortisol level and DAS scores as predictors.
Model Summary
Model
R
R Square
Adjusted R Square
1
.338a
.114
.030
a. Predictors: (Constant), Pulse During Procedure, DAS Score, Pulse in Waiting Area, CORT level
Model
(Constant)
CORT level
1
DAS Score
Heart Rate in Waiting Area
Heart Rate  During Procedure
a. Dependent Variable: Reported Pain Score
* Significant at p<0.05

Unstandardized Coefficients
B
Std. Error
2.443
2.054
.007
.012
.012
.030
.041
.020
-.013
.019

Standardized Coefficients
Beta
.097
.068
.321
-.110

Std. Error of the Estimate
1.66540

t

Sig.

1.189
.578
.411
2.042
-.667

.241
.566
.683
.047*
.508

Table 5. Regression Model with mean heart rate during implant placement as the dependent variable and heart rate in the waiting area, cortisol
level, reported pain score and DAS scores as predictors.
Model Summary
Model
R
R Square
Adjusted R Square
1
.483a
.233
.160
a. Predictors: (Constant), VAS Score, DAS Score, Pulse in Waiting Area, CORT level
Coefficientsa
Unstandardized Coefficients
Model
B
Std. Error
(Constant)
44.176
15.150
CORT level
.131
.097
1
DAS Score
.222
.235
Heart Rate  in Waiting Area
.386
.157
Reported Pain Score
-.815
1.221
a. Dependent Variable: Pulse During Procedure

Std. Error of the Estimate
13.24701

Standardized Coefficients
Beta
.208
.145
.352
-.095

t

Sig.

2.916
1.348
.942
2.456
-.667

.006
.185
.351
.018*
.508

* Significant at p<0.05

when recorded on the Wong-Baker scale, ranged from 2 to 8
(median score 6, SD ± 1.69). The independent t test showed

no significant difference in the pain scores between males and
females (t = 0.233, p =0.817).
466

OHDM - Vol. 13 - No. 2 - June, 2014
100.0000

95.0000

90.0000

85.0000

80.0000

75.0000

70.0000
Waiting Area

Dental Chair

During Procedure

5 Min After
Procedure

O2 Saturation

96.0667

94.1333

94.2000

96.8000

Heart Rate

88.2000

84.8000

90.0000

81.5333

Figure 2. Variations in heart rate and oxygen saturation at different time intervals during the placement of the implant.
The pain perception score was correlated to possible
predictive tools for pain; heart rate in the waiting area, oxygen
saturation in the waiting area, DAS score and salivary cortisol
levels. It was seen that only the heart rate showed a significant
positive correlation to the pain score reported (Table 3). The
linear regression model showed that only the heart rate in the
waiting area was a reliable predictor of reported pain (Table
4). The second regression model showed that when the heart
rate during the procedure was used as the dependent variable,
here again only the heart rate in the waiting area was the only
reliable predictor (Table 5).

operation. Heart rate has also been used as a measure of dental
anxiety in children [22,23]; however, we found no significant
correlation between heart rate in the waiting area and the
anxiety reported on the DAS.
Increased oxygen saturation due to hyperventilation has
been reported in anxious persons [24] as well as patients
with anxiety disorder [25]. Although we found an inverse
relationship between heart rate and oxygen saturation we
found no significant impact of oxygen saturation on the
reported pain or heart during surgery. This is in keeping with
other dental studies that found that while heart rate was a
reliable predictor of anxiety and/or during a dental procedure,
oxygen saturation was not [26-28].
Salivary cortisol has repeatedly been shown as a reliable
predictor of long term stress. We found that although a
significant positive correlation existed between the DAS and
Salivary cortisol it was not a significant predictor of the pain
in our patients. This is in keeping with the findings of Hashem
et al. who found that salivary cortisol was not a good predictor
of pain immediately after the operation after the placement
of a dental implant [5]. Wennstrom et al. postulated that the
failure of salivary cortisol to correlate with fear scores could
be because salivary cortisol reflects a different component
of the mechanism of fear [29]. A finding corroborated by
physiological experiments in laboratory animals [17,18].
This study measured fear in the individual only in
the waiting room and did not account for the role of the
practitioner placing the implant. The role of the dentist in the
fear experienced during the placement of implant is an area
that could be evaluated in future research.

Discussion

The use of dental implants as a means to improve the quality
of life of patients with missing teeth has become increasingly
common across the world [15]. Dental anxiety regarding the
surgical procedure has been cited as one of the most important
factors that influence the pre-operative decision of the patient
[16]. In this scenario, the ability to predict and assess dental
anxiety and fear are critical to the dentist.
Fear, anxiety and stress are related factors however it is
important to understand that they are physiologically distinct.
Fear and anxiety are primitive protective reflexes that are
regulated by the amygdala [17]. Stress on the other hand is a
more recently evolved concept and in addition to the amygdala,
also involves the hippocampus and the pre-frontal cortex [18].
This is the reason we chose to measure anxiety, fear and stress
as different variables. While we found an association between
the salivary cortisol readings and the reported stress (DAS
score), we found that neither of these correlated to the heart
rate during the procedure or to the reported pain score after
the procedure.
Heart rate during a surgical procedure is reflective to the
body’s response to pain and along with self-reported pain
scores has been used as measure of both actual and reported
pain during and after several dental as well as maxillofacial
surgical procedures [19-21]. We found that the heart rate both
during the surgical procedure and in the waiting area, were
significant predictors of reported pain immediately after the

Conclusion

The results of our study seem to indicate that while anxiety
does play a role in the perception and reporting of pain by
patients undergoing placement of their first dental implant,
long term stress; as measured by salivary cortisol, does not.
The heart rate in the waiting room seems to be the most
accurate physiological predictor of pain in patients.
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