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Sensitivity and specificity of assessment
scales of dentin hypersensitivity —
an accuracy study

Abstract: The aim of the present study was to compare the sensitivity
and specificity of pain scales used to assess dentin hypersensitivity
(DH). The preferred scale, and toothbrushing habits of participants
were also investigated. This cross-sectional study was conducted
with students and employees of a Brazilian Federal University who
presented DH. The participants answered a questionnaire about their
toothbrushing and drinking habits. Hypersensitive and non-sensitive
teeth were submitted to tactile and ice stick stimuli. Then, the subjects
marked their pain level in the visual analogue (VAS), numeric scale
(NS), faces pain scale (FPS) and verbal evaluation scale (VES). DH was
also assessed by Schiff scale (SS). The data were analyzed by Wilcoxon
and Chi-Square tests, as well as by ROC curve. The mean age of the
sample (56 women, 16 men) was 27.8 years. The most prevalent acidic
beverage was coffee (36.0%) and the most preferred scale was the
NS (47.2%). The pain level was statistically higher in teeth with DH
compared to teeth without DH (p < 0.05). The accuracy ranged from
0.729 (SS) to 0.750 (NS). The highest sensitivity value was 81.9% for
NS. The SS presented the highest specificity (91%). The visual analog,
numerical, verbal evaluation, faces pain, and Schiff scales were
accurate for DH diagnosis. The Schiff scale was the preferred scale for
DH assessment.

Keywords: Dentin Sensitivity; ROC curve; Data Accuracy; Diagnosis;
Pain Measurement.

Introduction

Dentin hypersensitivity (DH) is a painful sensation commonly
reported in daily practice.! DH can impair the patient’s quality of life, as
it arises in response to simple day-to-day activities, such as eating and
tooth brushing.?

DH pain is acute and has short duration. It occurs when physical,
chemical and/or tactile stimuli reach exposed dentin tissue.®* Dentin
exposure is usually caused by gingival recession, abfraction, abrasion, or
erosion, and may not be associated with carious lesions or pulp pathologies.*

Pain is a subjective sense and depends on both the physiological
process of nerve fibers stimulation, and the psychosocial environment
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in which the individual lives.>® In the health area,
pain measurement is very important for diagnosis
and therapeutic approaches.”

Considering the multifactorial etiology of DH,
the similarity of symptoms with other dental
pathologies, and the challenges of measuring pain,
several instruments are used to qualify and quantify
DH, such as scales and questionnaires (self-reported
or not).® This diversity resulted in several studies
with no standardized methodology to assess DH,
which makes it difficult to compare the results.> A
consequence might be the wide range of reported
prevalence of DH, from 1.34% to 98%.%1

Several studies have been conducted to investigate
the intensity of DH and the effectiveness of DH
treatment,*"" however, there is a gap in the literature
about the sensitivity and specificity of pain scales used
to specifically assess DH.*'>!* The aim of the present
study was to compare the sensitivity and specificity
of pain scales to assess DH. As for secondaries aims,
the preferred scale, and toothbrushing and drinking
habits were investigated.

Methodology

Sample

The present study was conducted at the Periodontics
Clinic of Federal University of Jequitinhonha and
Mucuri Valleys (UFVJM). The subjects were recruited
through patient communications designed to attract
study participants. Students and employees of UFV]M
who presented DH were enrolled.

The sample size calculation was performed
considering the standard deviation of the sensitivity
obtained with the visual analog scale (2.23 mm)."
The difference to be detected between groups was
stipulated to be 1 mm, with a significance level
of 95% and power of 80%. Taking into account a
10% loss, a sample size of 72 participants would
be required.

Eligibility criteria

Participants over 18 years old presenting DH
and who agreed to participate were included. The
exclusion criteria were participants using non-
steroidal anti-inflammatory drugs, desensitizing
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toothpaste, or other desensitizing products, who
presented restored or decayed sensitive teeth, or
who had dental bleaching treatment in the past
15 days.

DH diagnosis

The teeth were diagnosed as presenting DH
by clinical examination and anamnesis. DH was
diagnosed if a) the patient reported pain on eating,
drinking, or toothbrushing + b) presented an exposed
dentin surface on the affected tooth + (iii) absence of
any other tooth pathology could may explain the pain.

DH stimulation

The tactile stimulus was performed by linearly
sliding the tip of the dental probe #5 from mesial to
distal at the cervical region of the buccal surface of
the tooth with moderate pressure. To standardize
the pressure, the examiner (MOCR) was previously
trained and calibrated by using a precision scale
to test the strength (ICC: 0.899), and practicing
on a wax blade in order to produce regular and
similar deformations.

The cold stimulus was performed by applying
an ice stick directly over the same area for three
seconds. Both tactile and cold stimuli were applied
to teeth presenting DH and teeth without DH in the
same participant.

Firstly, the tactile stimulus was applied in teeth
with DH and in their homologous without DH.
Then, the cold stimulus was performed, in the same
way. If the homologous tooth also presented DH, an
alternative tooth without DH was selected within the
same group (incisors, canines, premolars or molars).
Each stimulus was applied once in each tooth.

Teeth without DH were assessed in order to
facilitate the ROC curve analysis and to serve as
control. The interval between stimuli was 1 minute,
long enough to cease the painful sensation of the
prior stimulus.

After each stimulus, the participants were
instructed to report the intensity of DH pain in
the following scales: visual analogue scale (VAS),
numerical scale (NS), faces pain scale (FPS), verbal
evaluation scale (VES), and Schiff scale (SS) (Figure 1).
The order of the scales was randomized.
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Figure 1. DH scales. A) Visual analogue scale B) Numeric
scale C) Faces pain scale D) Verbal evaluation scale.

Visual analogue scale (VAS)

The VAS comprises a horizontal line of 10 cm,
anchored by 2 verbal descriptors in its ends: “no
pain” on the left, and “worst possible pain” on the
right (Figure 1A). The patient made a mark on the
line representing the DH pain sensation. Then,
the distance from the left end to the mark made by
the patient measured with an analog caliper is the
pain intensity.”

Numeric scale (NS)

This scale consists of 11 numbered items that are
arranged in ascending order from 0 to 10, where 0
means no pain and 10 most severe pain (Figure 1B).
The participant marked the number that represented
their self-assessed DH pain."

Faces pain scale (FPS)

The FPS is a set of facial expression drawings to
illustrate each stage of pain intensity (Figure 1C).”
The patient was asked to choose the face that best
represented his/her current state.’®

Verbal evaluation scale (VES)

The VES comprises a list of adjectives used
to describe pain intensity, in an increasing way
(Figure 1D). The most common words used are:
no pain, mild pain, moderate pain, and severe
pain. The subject chose that one that best defined
his/her pain.’®

Schiff scale (SS)

This scale evaluates the degree of DH pain
according to the patient stimulus reaction. In the SS, the
participant is scored from 0 to 3 as follow: 0 - subject
does not respond to stimulus; 1 - subject responds
to stimulus, but does not request discontinuation
of stimulus; 2 - subject responds to stimulus and
requests discontinuation or moves away from stimulus;
3 - subject responds to stimulus, considers it to be
painful, and requests discontinuation of the stimulus.”
This scale is filled out by the operator.

Data about age, gender, handedness, alcohol
drinking habits, toothbrushing habits, frequency of
acidic beverages consumption and preferable scale
were collected.

Statistical analysis

Statistical analyses were performed using the
Statistical Package for the Social Sciences® (SPSS IBM
Corp., Armonk, US), version 25. Initially, the variables
were analyzed by descriptive statistics.

The normality and homogeneity of variance of
data were verified by the Kolmogorov-Smirnov and
Levene tests, respectively. The Wilcoxon test was used
to compare teeth with and without DH by using the
mean scores obtained with the quantitative scales
(NS and VAS). The proportion of teeth with and
without DH distributed at each level of the categorical
scales (PFS, VES and SS) was compared using the
Chi-Square test. For statistical analysis purposes,
the categorical scales were dichotomized by the
median into two categories of DH levels as follow:
PFS - Faces 0 and 1 were grouped into “low DH”,
Faces 2 to 5 were grouped into “high DH”; VES - No
pain and mild pain were grouped into “low DH”,
moderate and severe pain were grouped into “high
DH”; SS - score 0 was grouped into “low DH”, scores
1 to 3 were grouped into “high DH”.

ROC (receiver operating characteristic) curve
analysis was used to compare and evaluate the
accuracy of diagnosis, sensitivity and specificity of
each scale. The significance level adopted was 5%.

Ethical principles

This study was approved by the Ethics Committee
of UFV]M (approval #74432117000005108), and
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conducted according to the Helsinki Declaration
(1975), revised in 2013. The subjects participated
voluntarily and signed a consent form prior to the
beginning of the study. At the end of the study, the
participants received DH treatment.

Results

Fifty-six women (77.8%) and 16 men (22.2%)
participated totaling 288 teeth (144 with and 144
without DH) and 1,440 DH scales. The mean age
was 27.8 years old (£9.3). The sample was made
up of 61 right-handed (84.7%), 8 left-handed, and 3
ambidextrous (4.2%) people.

Table 1. Toothbrushing habits of the participants.n(%).

Bristles deformation Self-reported force

Brush bristles

time (days) applied to brushing

Soft 15 Very strong
48 (66.7) 2 (2.8%) 6 (8.3)
Medium 16-30 Strong

18 (25.0) 24 (33.3) 15 (20.8)
Hard 31-60 Middle

6 (8.3) 26 (36.1) 38 (52.8)
> 60 Weak

20 (27.8) 13(18.1)

Daily intake of acid beverages was reported
by 47 (65.3%) participants; 22 (30.6%) and 3 (4.2%)
participants reported drinking acid beverages
weekly and monthly, respectively. The most prevalent
types of acid beverages were: coffee (36.0%), citric
juices (33.0%), soft drinks (15.0%), tea (9.0%), energy
drinks (5.0%), and isotonic drinks (2.0%). Forty-five
(62.5%) participants declared consuming alcoholic
beverages. Table 1 shows the characteristics of
tooth brushing.

The pain level was statistically higher in teeth
with DH compared to teeth with no DH, based
on the assessment with NS (p < 0.001) and VAS
(p < 0.001) scales. The statistics (Wilcoxon test)
for these quantitative variables is shown on Table
2. Statistically significant differences were also
found for FPS (p<0.001), VES ( p< 0.001), and SS
scales (p < 0.001) between DH and non-DH teeth.
The statistics (Chi-Square test) for these categorical
variables is shown on Table 3.

The preferred scale was NS (47.2%), followed by
VAS (30.6%), FPS (16.7%), and lastly, the VES (5.6%).

The accuracy was 0.747 (95%CI: 0,690-0,805) for the
VAS; 0.750 (95%Cl: 0.693-0.808) for the NS; 0.743 (95%CL:
0.685-0.801) for the FPS; 0.743 (95%CI: 0.685-0.801) for
the VES; and 0.729 (95%CI: 0.670-0.787) for the SS.
The sensitivity and specificity of the VAS was 80.6%

Table 2. Association between hypersensitive teeth and numeric scale and visual analog scale.

Numeric scale

Visual analogue scale

Variable p-value* p-value*
Mean SD Mean SD
Hypersensitivity teeth 4.44 3.14 4.14 3.23
< 0.001 < 0.001
No hypersensitivity teeth 1.69 2.74 1.59 2.67

SD: standard deviation. *Wilcoxon test

Table 3. Association between hypersensitive teeth and the faces pain scale, verbal evaluation scale, and Schiff scale.

Faces pain scale Verbal evaluation scale Schiff scale
Variable p-value* —_— N p-value* p-value*
Faces O-1  Faces 2-5 N? pain s e pain Score 0 Score 1-3
mild pain  — severe pain
gg’:“ens”iv”y 42(282) 102 (73.4) 7337.1)  71(78.0) 35(26.7) 109 (69.4)
No b o < 0.001 < 0.001 < 0.001
o hypersensitivity 145771 8) 37 (26.6) 124 (62.9) 20 (22.0) 96(73.3) 48 (30.6)

teeth

*Chi-square test.
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and 61.1%, respectively, for the cutoff point of 0.45.
The cutoff point of 1 for NS presented sensitivity of
81.9% and specificity of 57.6%. FPS face number 1
presented sensitivity and specificity of 70.8% and 74.3%,
respectively. The VES presented 49.3% sensitivity
and 86.1% specificity for ‘mild pain’ response. The
cutoff point of 1 in the SS showed 75.7% sensitivity
and 91% specificity (Figure 2).

Discussion

DH is a very common painful condition
characterized by acute pain.?>* The present study
seems to be pioneer, since there is no previous study
with the specific aim of measuring sensibility and
specificity of pain scales for DH assessment. The
scales used herein were shown to be accurate and
sensitive, and should be used in further DH studies.

A scale that is extremely sensitive and has low
specificity covers more positive cases, but presents
a greater chance of including false positive cases.
Otherwise, a scale that is very specific and has low
sensitivity will detect with certainty negative cases,
but can generate false negative results for sick patients.
For a scale to be considered the gold standard it must
gather the quality of being sensitive, specific, and
have a high accuracy.?** Although the present scales

showed good accuracy, they had different sensibility
and specificity values suggesting their cautious use
in DH studies.

The NS presented the greatest accuracy, being able
to correctly identify DH in 75% of the cases. However,
the values obtained by the other scales were a little
lower. This slight difference between the values
indicates that all scales are accurate and efficient in
diagnosing DH. Thus, it is even more important to
verify the sensitivity and specificity of each scale to
determine the most appropriate one.

The scale that presented the best scores for
sensitivity and specificity was the SS. The high
values for these two properties allow a diagnosis
that encompasses the maximum correct results with
fewest false negatives and false positives in relation
to the actual diagnosis. This result was expected,
considering that the SS was developed specifically
for DH assessment.*'? It is also important to note that
the SS was the only scale applied by the operator; all
other scales were self-responded by the participants.

The SS was created for DH assessment in cases of
use of thermal/evaporative stimuli.”” In the present
work, the SS also showed good results using tactile
stimulus. The SSis filled out by the operator, avoiding
interpretation and filling biases by the patient,
and therefore, of great value in research. Since its

0.8 Source of
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s
z 06 — FPS
:E === VES
z —sS _
S 0.4 — Reference Line
0.2
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Figure 2. ROC curve analysis of the DH scales.
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completion is based on the immediate reaction of the
patient, it is possible to quickly correlate its outcome
to the diagnosis.

The sensitivity and specificity of each scale are
based on the cutoff point adopted, i.e., if other cut
points were adopted, that values would change.
In this study, we considered that the cutoff point
on each scale indicates whether the tooth has DH
or not. Considering all vital teeth have natural
sensitivity but not all are affected by DH,*? these
cutoff points should be used in future studies and
in clinical practice as diagnostic criterion for DH. In
other words, if the patient does not reach the cutoff
point on a certain scale, then the tooth should not
be considered as having DH.

The participants chose NS as the preferred scale,
which is probably due to its easy interpretation and
use. The NSis a better scale for parametric analyses,
in addition to being easy to apply.?® At present, the
NS presented the highest value for sensitivity and
lowest value for specificity indicating it is ideal for
true positive diagnoses of DH, however, susceptible to
some false negative results compared to other scales.

The mean age of the sample showed that DH
affects a young population. With advanced age, the
rate of edentulism increases. In addition, in old adults,
the remaining teeth have a larger portion of tertiary
dentin, which protects against DH.*#%

Because toothbrush bristles keep their integrity
for a short time and the perception of medium to
strong toothbrushing force provides better cleaning,
individuals may be susceptible to gingival recession
and abrasion that can lead to DH.

The frequency of alcoholic and citric beverages
consumption showed that the participants may be
strongly subjected to the development of dental
erosion.” Coffee was the most consumed beverage.

References

Although the pH of coffee is not the lowest among
the reported beverages, the amount of its ingestion
as well as the frequency along the day may increase
its erosive potential, consequently causing DH.**!

Based on the DH assessment scales, it is
recommended that in future studies, the following
criteria for DH diagnosis be adopted: VAS - score
greater than 0.54; NS - score greater than 1; FPS - face
greater than number 1; VES - report of mild pain or
higher; SS - score greater than 1. It is important to
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literature for DH diagnosis,* but be complementary
to the actual diagnosis. Also, the present criterion
focuses on the pain scales for standardization of
DH assessment.

A possible limitation of this study is a sample not
representative for the general population. However, the
use of a specific population avoids confounding bias.

Conclusion

The visual analog, numerical, verbal evaluation,
faces pain, and Schiff scales were accurate for DH
diagnosis and should be used for DH assessment. The
Schiff scale presented good sensitivity and specificity
values in the diagnosis of DH, and should be the
preferential scale in assessing DH. Alternatively,
the numerical scale could be used since it was the
preferred one by the participants and presented great
sensitivity value.
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