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ÖZ
Giriş ve Amaç: Bu çalışmanın amacı, semptomatik dişleri olan hastalarda dört farklı elektronik ağrı skalası arasındaki korelasyonu
ve uyum düzeyini değerlendirmekti.
Yöntem ve Gereçler: Semptomatik dişi olan 50 hasta çalışmaya dahil edildi. Hastaların yaşı, cinsiyeti, diş tipi kaydedildi.
Hastalardan, kanal tedavisi öncesinde elektronik ağrı derecelendirme programında ağrı şiddetlerini dört farklı ağrı skalasında
işaretlemeleri istendi; Görsel Analog Skala (VAS), Renk Analog Skalası (CAS), Sayısal Derecelendirme Skalası (NRS) ve Yüz
Derecelendirme Skalası (FRS). Daha sonra, ağrı skorlamasındaki korelasyon ve uyum düzeyini değerlendirmek için tüm skorlar
istatistiksel analize tabi tutuldu.
Bulgular: Tüm ağrı derecelendirme skalaları arasında pozitif korelasyon bulundu (p <0.001). En yüksek korelasyon CAS ve NRS
skorları arasında gözlendi (r = 0.930, p <0.001). Ağrı yorumlamasında en yüksek düzeyde uyum CAS ve NRS arasında (0.685, p
<0.001), en düşük uyum ise CAS ile FRS arasında (0.384, p <0.001) gözlenmiştir.
Tartışma ve Sonuç: Ağrı derecelendirme prosedürünün öznelliğini gösterecek şekilde, tüm skalalar arasında güçlü bir korelasyon
ama orta düzeyde bir uyum bulunmuştur.
Anahtar Kelimeler: Renk analog skalası, yüz derecelendirme skalası, sayısal derecelendirme skalası, ağrı derecelendirme skalası,
görsel analog skalası

ABSTRACT
Introduction: The study aimed was to assess correlation and evaluate the agreement level between four different electronic pain
rating scales in patients with symptomatic teeth.
Methods: 50 patients with symptomatic teeth who consented were enrolled for this study. Patients’ age, sex, tooth type was
recorded. Patients were then asked to mark their pain intensity on four pain rating scales; Visual Analogue Scale (VAS), Color
Analogue Scale (CAS), Numerical Rating Scale (NRS) and Faces Rating Scale (FRS) before root canal treatment via an electronic
pain rating program. All scores were then subjected to statistical analysis to assess correlation and agreement level in pain
interpretation.
Results: A positive correlation was found between all pain rating scales (p<0.001). The highest correlation was observed between
CAS and NRS scores (r=0.930, p<0.001). The highest level of agreement in pain interpretation was observed between CAS and
NRS (0.685, p <0.001) while, the lowest was between CAS and FRS (0.384, p<0.001).
Discussion and Conclusion: All rating scales presented a strong positive correlation whit a moderate level of agreement between
scales indicating subjectivity of pain rating procedure.
Keywords: Color analogue scale, faces rating scale, numerical rating scale, pain rating scale, visual analogue scale
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INTRODUCTION
Pain is an unpleasant experience with a restrictive
effect on the emotional, social, and sensorial aspects of
daily routine and therefore, has a diminishing impact on
the quality of life.1,2 It is the primary reason patients
seek endodontic treatment3 and a key symptom for
assessment and diagnosis of diseases with the
endodontic origin.4 Thus, pain assessment has been an
important aspect of daily clinical practice to create
better preventive and treatment procedures.5
Pain assessment is well-studied using psychometric
assessment techniques and the subjectivity of the pain
ratings is validated due to differences among the
cognitive abilities of the patients.6 Although there are
many different pain rating scales, the Visual Analogue
Scale (VAS) is one of the most reliable methods and
widely studied which is a 10 cm line with two
endpoints; “no pain” and “worst possible pain”.7,8,9
Color Rating Scale (CAS) is particularly used for
children between 5 to 16 years old.10 Due to its
involvement of gradations in length, area, and color it
gives an easier association of pain with different pain
intensity levels11 which has two endpoints; “no pain”
and “worst possible pain” such as the VAS score.
Numerical Rating Scale (NRS) is a line with a 0-10
scale. It can be both vertical and horizontal. “0”
represents no pain and “10” the worst possible pain. The
advantage of this scale is that it can be used verbally or
visually, which proved to be beneficial in patients with
acute pain or psychomotor disability.12 However, the
difficulty for patients to visualize their pain in numbers
were also reported as a disadvantage of NRS.13
Faces rating Scale was provided for children 3 years
old and older.14 Yet soon its advantages for patients with
acute pain, cognitive disabilities, difficulties using
numerical rating scales were noticed.15,16
Although these pain rating scales were widely
studied5,7,14 there is no study comparing these scales
presented on an electronic pain rating program for
dental patients with symptomatic teeth. Therefore, the
objectives of this study were to assess the correlation
between four pain rating scales (VAS, CAS, NRS, and
FRS) and to evaluate the level of agreement between all
four scales in means of pain interpretation. The
hypothesis was that there is a positive correlation
between all four scales with very good level of
agreement in pain interpretation.
MATERIALS AND METHODS
The study was approved by the ethical committee of
the university (registration number: 338) and registered
to
clinicaltrials.gov
with
the
ID
number:
NCT04231955. All patients were volunteered and
singed and written informed consent prior to enrollment.
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Inclusion and Exclusion Criteria
This study included patients who had a symptomatic
tooth which was indicated for root canal treatment. All
procedures were carried out between April 2019 and
December 2019. A total number of 50 patients were
enrolled in this study. Age, gender, teeth type, were also
recorded as well as the diagnosis in each patient. The
diagnosis was made using both clinical and radiological
(Kodak RVG 5100; Carestream Health, Inc., Rochester,
NY) evaluation. The following patients were excluded
from the study: (i) Patients who were under 18 years
old, (ii) patients with medical contradictory for sound
pain assessment (i.e. being diabetic, being under the
influence of corticosteroids, opioids) a, (iii) patients
who could not follow the instructions to pain rating
scales, (iv) patients who used analgesics 1 week and
antibiotics 1 month prior to pain assessment.
Sample Size
Power analysis was done by using G* Power
(v3.1.9) program to determine the sample size. The
sample size of 46, for the 2-sided Fisher z test of the
null hypothesis that the Pearson correlation coefficient
equals 0, would be satisfactory to have 80% power to
detect correlations as small as 0.4. therefore, 50 patients
were submitted in this study.
Evaluation of pain according to four different
rating scales
All evaluation was made at the first appointment
before commencing the root canal treatment. An
electronic pain rating scale program (ETZ Pain
Assessment and Rating Scales ver. 1.6) was used to
evaluate pain on four different pain rating scales in each
patient: Visual Analogue Scale (VAS), Color Analogue
Scale (CAS), Numerical Rating Scale (NRS) and Faces
Rating Scale (FRS).
Visual Analogue Scale (VAS)
Patients were asked to mark their pain on a 10 cm
vertical line in the program with two endpoints: “no
pain” and “worst possible pain” (Fig 1-A).
Color Analogue Scale (CAS)
Patients were asked to mark their pain on a wedgeshaped figure with a gradually progressing color from
white indicating no pain) to red (indicating worst
possible pain) (Fig 1-B).
Numerical rating scale
Patients were asked to mark their pain on a vertical
scale from “0” (indicating “no pain”) to “10” (indicating
“worst possible pain”) (Fig 1-C).
Faces Rating Scale
It is a scale of 6 facial expressions. Each expression
stands for different intensity of pain with gradually
progressing color from green (indicates “no pain”) to
red (indicates “worst pain possible”) (Fig 1-D).
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between scores. Fleiss’ kappa was used to assess the
level of agreement between scores. A p-value of <0.05
accepted as statistically significant. The interpretation of
Kappa scores was conducted according to Kappa score
interpretation chart as mentioned in a previous study.17
RESULTS
All 50 patients who were submitted to this study
were enrolled for the pain rating procedure with no
drop-outs. The descriptive statistics are presented in
Table 2 and the allocation of pain scores is displayed in
Table 3.
Table 2. Descriptive statistics of the data and frequency
distribution
Age
Sex; n(%)
Figure 1. Pain rating scales. A: Visual Analogue Scale,
B: Color analogue scale. C: Numerical Rating Scale, D:
Faces Rating Scale; the facial expressions were each
given a number between “0” (green, “no pain”) and “5”
(red, “worst pain possible).

Jaw; n(%)

After Patients indicated their pain on VAS and CAS
scale the program calculated the exact distance between
the mark and the “no pain” endpoint. These calculations
were recorded as VAS and CAS scores in mm. The
number that the patients marked in NRS was recorded
without any conversion, while the marked facial
expressions were converted numbers from 0 to 5 in
FRS. The values in all four rating scales were also
allocated into 4 groups (no pain, mild pain, moderate
pain, and severe pain) for interpretation of pain via pain
rating scale program (Table 1). The correlation between
scales and the level of agreement between allocated
scores was evaluated for comparison of scales.

Diagnosis; n(%)

Tooth location; n(%)

Min-Max
Mean±SD
Female
Male
Maxillary
Mandibular
Anterior
Premolar
Molar
AAA
AAP

18-69
36.14±13.09
35 (70)
15 (30)
25 (50)
25 (50)
8 (16)
14 (28)
28 (56)
1 (2)
49 (98)

AAA: acute apical abscess, AAP: Acute Apical Periodontitis

Table 3. Descriptive data of all pain rating scores and
the allocation of scores from all four pain rating scales
into mild, moderate and severe pain.
Min-Max (Median) 10-100 (63)
VAS
Mean±SD
60.76±25.78
Mild
16 (32)
VAS; n(%)
Moderate
17 (34)
Severe
17 (34)
Table 1. The allocation of scores in four groups for CAS
Min-Max (Median) 12-100 (63.5)
interpretation of pain.
Mean±SD
63.38±23.09
No Pain
Mild Pain
ModerateCAS;
Pain n(%) Severe
Pain
Mild
10 (20)
0
1 - 44
45 - 74
75Moderate
- 100
VAS
23 (46)
0
1 - 44
45 - 74
75Severe
- 100
CAS
17 (34)
0
1, 2, 3
4, 5, 6
7,8 ,9, 10
NRS
Min-Max (Median) 2-10 (6)
NRS
0
1, 2
3
4, 5
FRS
Mean±SD
6.12±2.35
VAS: Visual Analog Scale, CAS: Color analog Scale, NRS:
Numerical Rating Scale, FRS: Facial Rating Scale
Mild
9 (18)
NRS; n(%)
Moderate
19 (38)
Statistic Evaluation
Severe
22 (44)
NCSS (Number Cruncher Statistical System) 2007 FRS
Min-Max (Median) 1-5 (3)
(Kaysville, Utah, USA) software was used for statistical
Mean±SD
3.38±1.17
analysis. Descriptive statistics such as mean, standard
Mild
13 (26)
deviation, frequency, percentage, minimum, and FRS; n(%)
maximum were used to report the data. The normality of
Moderate
14 (28)
the data was checked by the Shapiro Wilk test.
Severe
23 (46)
Spearman’s rho was used to determine the correlation
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VAS: Visual Analog Scale, CAS: Color analog Scale, NRS:
Numerical Rating Scale, FRS: Facial Rating Scale

A statistically significant relationship was found
between all scores (p<0.001). There was a very strong
positive correlation between CAS and NRS scores
(r=0.930, p<0.001), VAS and CAS scores (r=0.922,
p<0.001) (Fig 2), and VAS strong positive correlation
between NRS and FRS scores (r=0.787, p<0.001), VAS
and FRS scores (r=0.776, p<0.001), and CAS and FRS
scores (r=0.772, p<0.001).

The level of agreement between all scores was
moderate with a Kappa score of 0.551 (p<0.001). The
Agreement level between CAS and NRS scores was
good (0.685, p <0.001), while the agreement levels
between VAS and CAS (0.574, p<0.001), VAS and
NRS (0.573, p<0.0019), VAS and FRS (0.545,
p<0.001), and NRS and FRS (0.531, p<0.001) were
moderate. On the other hand, the agreement level
between CAS and FRS was only fair (0.384, p<0.001)
(Table
4).

Figure 2. A: The correlation between VAS and CAS scores, B: The correlation between CAS and NRS scores. Both
indicated a very strong relationship. VAS: Visual Analog Scale, CAS: Color analog Scale, NRS: Numerical Rating
Scale.
Table 4. The agreement level between all four pain rating scales according to pain intensity interpretation levels.
VAS
Kappa, p
Mild
Moderate
Severe
Mild
2 (4)
0 (0)
CAS
8 (16)
0.574,
Moderate
8 (16)
2 (4)
13 (26)
<0.001**
Severe
0 (0)
2 (4)
15 (30)
Mild
0 (0)
0 (0)
NRS
9 (18)
0.573,
Moderate
7 (14)
1 (2)
11 (22)
<0.001**
Severe
0 (0)
6 (12)
16 (32)
Mild
2 (4)
0 (0)
FRS
11 (22)
0.545,
Moderate
3 (6)
2 (4)
9 (18)
<0.001**
Severe
2 (4)
6 (12)
15 (30)
CAS
Kappa, p
Mild
Moderate
Severe
Mild
2 (4)
0 (0)
NRS
7 (14)
0.685,
Moderate
3 (6)
0 (0)
16 (32)
<0.001**
Severe
0 (0)
5 (10)
17 (34)
Mild
7 (14)
0 (0)
FRS
6 (12)
0.384,
Moderate
3 (6)
2 (4)
9 (18)
0.001**
Severe
1 (2)
7 (14)
15 (30)
NRS
Kappa, p
Mild
Moderate
Severe
Mild
5 (10)
0 (0)
FRS
8 (16)
0.531,
Moderate
1 (2)
4 (8)
9 (18)
<0.001**
Severe
0 (0)
5 (10)
18 (36)
Fleiss’ kappa
**p<0.01
VAS: Visual Analog Scale, CAS: Color analog Scale, NRS: Numerical Rating Scale, FRS: Facial Rating Scale
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DISCUSSION
In this study important information provided about
the correlation and the agreement level between four
different electronic pain rating scales in patients with
symptomatic teeth. According to the results of this
study, all pain rating scales had a strong positive
correlation. The level of agreement between all
electronic pain rating scores was “moderate” (0.551).
Therefore, the hypothesis was partially accepted,
indicating the level of agreement was not “very good”
(≥0.81) between different electronic rating scales in
acute dental pain, even after subsequent assessment with
no time loss between pain assessments with each pain
rating scale.
Lately, the use of electronic pain rating scales was
introduced into the literature providing promising and
supporting data on the validity of electronic pain rating
scales.18 In a previous study, strong correlation and
agreement levels were demonstrated between the paper
and electronic versions of VAS, CAS, NRS, and FRS on
children.19,20 An 80% confidence interval was reported
between the electronic pain rating scales and their
traditional counterparts. Moreover, operated related
errors with measurement and calculations on VAS and
CAS scores were eradicated in electronic versions of
these pain rating scales, increasing validity, and creating
a time-saving, cost-effective procedure.7 Therefore, in
our study, electronic pain rating scales were preferred
over conventional versions.
The correlation between different pain rating scores
was studied widely and strong correlation was found
between VAS, and NRS, 8,21 VAS, and CAS,22 CAS, and
FRS,23 VAS, and FRS.24 Similar findings were
presented in our study showing a positive correlation
between all four electronic pain rating scales. The high
correlation suggested interchangeability between all
methods according to patients’ needs. Although VAS
and NRS demonstrated similar sensitivity results in
patients with acute pain,25 elderly patients with age
around 75 reported to fail to complate the VAS scale
when compared to NRS.8 However, the mean age value
in our study was 36±13.09 and the oldest patient was
69. Moreover, no patients experienced any problem
while completing the four pain rating scales. The use of
the VAS scale was reported to be difficult in patients
who were not familiar with the scale. Therefore, the
compliance level in pain rating with VAS might be
rather low.7 On the other hand, CAS has united VAS

features with gradual color and width change through
the scale bar and thus eliminating the difficulties in
compliance with VAS.10,11 That might be the reason for
its very strong correlation and good agreement level
with NRS. NRS was reported with good compliance
and ease of use and being applicable even verbally.7
CAS was reported to be a valid and reliable scale for
pain intensity measurement in pediatric patients with
acute pain.11,23 This might prove useful for this scale to
be used in patients with symptomatic teeth for pain
assessment. Yet to the best of the authors’ knowledge
this is the first study reporting a comparison of CAS
with other pain rating scales in adult patients with
symptomatic teeth. Although FRS was created mainly
with pediatric means, the use of this system with
patients with acute pain or elderly patients proved to be
beneficial and have a high compliance level.7,11 In
previous studies, the reliability, and validity of FRS to
measure pain intensity on adults26,27 were reported and
its compliance with NRS26,28 and VAS26 scale was
supported. The use of 6, 7, or 11 faces FRS scales was
proved to be reliable and in good compliance with
NRS.26,28
Although the agreement level between CAS and
NRS was good, the agreement level between all four
scales was only moderate. A previous study, evaluating
agreement level on pain reduction percentage reported a
similar agreement level between VAS and NRS on a
moderate level.29 The lowest values were between FRS
and other scales probably due to its lack of sensitivity
with the simplistic structure of FRS including 6 grades
(6 faces) to describe the pain. Moreover, there is an
argument that the change of faces in different parts of
the scale may not be equal to each other.30 However, this
simplicity is needed to make it feasible for young
people and adults with low compliance level such as
patients with acute pain.14-16 Therefore, choosing
different scales according to patients’ needs is crucial
for the benefit of the patient. According to the results of
this study all four electronic pain rating scales can be
used interchangeably in patients with dental pain.
CONCLUSIONS
A strong correlation with a moderate level of
agreement is present between all four electronic pain
rating scales providing interchangeability between
scales and enabling dentists to choose the best suitable
scale for patients with symptomatic teeth.
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