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Abstract 

Background: Occlusal cant (OC) is a malocclusion trait lacking indexing or classification that describes the extent 
and severity of tilt in the occlusal plane. The aims of this study were to develop an occlusal cant index (OCI) based on 
the degree of OC detection among orthodontists and laypeople and to validate the newly developed OCI by a panel 
of experts using content validity.

Methods: The ability to perceive OC was assessed in 134 participants (orthodontists = 67 and laypeople = 67). A 
frontal photograph of a model with an ideal smile with 0° of OC was obtained and manipulated to create various 
degrees of OC from 1–5° at the right and left sides. A set of 11 electronic photographs was displayed to the partici-
pants. The participants were asked to report whether they detected an OC in each photograph. The collected data 
was used as a baseline to develop an OCI. Then, a content validation of the OCI was performed using a questionnaire 
provided to a panel of experts comprising ten orthodontists.

Results: The OCI was designed based on the threshold of OC detection. In both orthodontists and laypeople, the 
accuracy of OC detection increased as the amount of tilt increased. The threshold point of OC detection in orthodon-
tists was at 2°, while in laypeople it was at 4°. There was a significant difference between orthodontists and laypeople 
in their ability to detect OC at 2–3° of tilt. The content validity index (CVI) showed excellent validity between the item-
level CVI and the scale-level CVI of the OCI.

Conclusion: The OCI was developed and implemented for diagnostic, communication, and research purposes. The 
index showed strong evidence supporting content validity.
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Background
An index is defined as “a numerical value describing the 
relative status of population on a gradual scale with defi-
nite upper and lower limits” [1]. Orthodontic indices are 
necessary to guide the practitioner with regard to com-
munication, diagnosis, assessment of severity, treat-
ment needs, and treatment outcomes [2, 3]. Shaw et  al. 
[2] divided orthodontic indices into five categories: (1) 
diagnostic indices, such as Angle’s classification [4], (2) 
epidemiological indices, such as Little’s irregularity index 

[5], (3) indices regarding orthodontic treatment needs, 
such as the Index of Orthodontic Treatment Need [6], (4) 
indices regarding orthodontic treatment outcomes, such 
as Peer Assessment Rating Index [7], and (5) indices con-
veying treatment complexity, such as Index of Complex-
ity, Outcome, and Need [8].

Occlusal plane (OP) is a cornerstone element in smile 
analysis, and occlusal canting is a malocclusion trait of 
esthetic concern that must be evaluated carefully dur-
ing orthodontic assessment [9]. Any vertical alteration 
or rotation of the OP in the transverse plane of one side 
over the other is considered an occlusal cant (OC) [10]. 
OC could be skeletal or dental in origin and may pre-
sent with or without facial asymmetry; however, several 
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studies have reported a high association between OC 
and facial asymmetry [11–14]. A high prevalence—up to 
41%—of OCs in patients with Class III malocclusions has 
been observed [12]. OC is a malocclusion trait that lacks 
indexing or classification [10]. The development and 
utilization of a common index for OC will facilitate an 
international language for clinical communication among 
practitioners, as well as accurate diagnoses of the site 
and the amount of OC. Such an index will also open up 
new areas of research in clinical or epidemiological stud-
ies. Designing a simple index for OC is an important first 
step to facilitate the future development of international 
guidelines for the assessment and treatment of OC.

The development of a diagnostic index for OC sever-
ity and categorization was designed in this study  to be 
based on OC detection among orthodontists and lay-
people. Previous studies have investigated the percep-
tion of OC, they found that orthodontists and laypeople 
are capable of detecting OCs to varying degrees [10, 11, 
15]. They have demonstrated that OC detection ability is 
commonly observed at a range of 2° to 4°[15, 16]. Ortho-
dontists, given their professional background, are more 
accurate in identifying OC at lower rates [15]. Ker et al. 
found that laypeople can readily detect OC at 4 ̊ and 6 
̊ [17]. This variation in detection capacity is most likely 
attributed to differences in professional expertise, knowl-
edge, and professional environment [18]. Orthodontists, 
according to Kokich et al., consider OC as the most obvi-
ous discrepancy in smile characteristics, whereas laypeo-
ple value crown angulation as an obvious feature [19].

The OC detection ability among orthodontists and 
laypeople would be the base to design a new index for 
OC. One of the main requirements for new index is to 
be valid, which is defined as “the degree of which the 
method measures what it is meant to measure” [20]. 
Content validation is the initial step towards full valida-
tion following the development of an index or scale and 
is considered to be an expert’s subjective judgment on 
the degree of relevance and clarity a scale’s content. Fur-
thermore, it provides the required preliminary evidence 
for testing a newly devised index and highlights the need 
for any modifications prior to the next level of validation: 
objective validity [21–24].

OC has rarely been covered and evaluated in the litera-
ture. It has clinical implications for function and aesthetic 
[11]. To the best of our knowledge, there is no established 
index or classification describing the extent and severity 
of tilt in the OP, hence, the novelty of this study lies in 
proposing an index of OC that has never been proposed 
in the past. The aims of this study were: (1) to develop 
an occlusal cant index (OCI) based on the degree of OC 
detection among orthodontists and laypeople and (2) to 
validate the newly developed OCI by a panel of experts 

using content validity. The null hypothesis that there was 
no difference among the experts in validating the newly 
developed OCI.

Methods
The OCI development and validation process underwent 
three processes: the OC detection, designing OCI, and 
the content validation of OCI.

The development of the OCI was based on the meas-
urement of OC detection among orthodontists and lay-
people based on the evaluation of various degrees of OC; 
the data was then used as a baseline to develop the OCI.

To identify the OC detection threshold, photographs 
were obtained from a patient selected from the ortho-
dontic clinic of the Dental University Hospital at King 
Saud University based on the following criteria: adult, 
absence of any facial asymmetry, no history of extraction, 
absence of any external distractor—such as eyeglasses—
that may influence the evaluation, and the presence of 
ideal esthetic smile characteristics [25]. Two photographs 
were taken using a digital camera (Cannon Digital, A610, 
Tokyo, Japan): one extraoral photograph of a natural head 
position with a spontaneous smile, and one frontal intra-
oral photograph with the camera placed at the OP level. 
The photographs obtained from the model were manipu-
lated to create different degrees of OC using Photoshop 
software (Adobe Photoshop 9.0, CA, USA). For accurate 
manipulation, the interpupillary line in the extraoral pho-
tograph was used as a reference to digitally rotate the OP 
in the frontal intraoral photograph. One photograph with 
0° OC was considered the original photograph. Then, 
through the manipulation process, the OP in the origi-
nal photograph was rotated in 1° increments from 1° to 
5° in a clockwise direction on the right side only. The five 
manipulated photographs were then flipped horizontally 
to create the left-sided OC (Fig.  1). For standardization 
purposes, the image was flipped horizontally; hence, only 
one side of the face would have to be manipulated to 
produce the desired degrees of occlusal tilt. The patient 
signed a consent form allowing for the use of her photo-
graphs in all desired manipulations for this study.

A sample size estimation based on a power of 0.9 at a 
p-value of 0.05 confirmed that the required number of 
participants to be enrolled was 134. Accordingly, 134 
individuals participated in the study, 67 of which were 
orthodontists from the Dental University Hospital at 
King Saud University. Each of these orthodontists had 
a minimum of three years of experience. The remain-
ing 67 participants were laypeople randomly selected 
from among nonmedical employees at the Dental Uni-
versity Hospital at King Saud University (Table  1). 
Written informed consent was obtained from all the 
participants enrolled in the study. The questionnaire 
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was prepared electronically using the survey software 
Alchemer (Alchemer, Boulder, CO, USA) and displayed 
to the participants on a tablet device (Apple iPad Pro 11, 
Apple Inc., Cupertino, CA, USA). The questionnaire was 
designed to commence with items that collected partici-
pants’ demographic data, including sex and profession. 
These items were followed by a set of randomly arranged 
photographs from Fig.  1 showing different degrees of 
OC. To ensure that the manipulated photographs were 
viewed under optimal standardization conditions, the 
tablet device was set to a brightness of 50% and a contrast 
of 100%. The participants were asked to report whether 
they detected an OC in each photograph in less than 
40 S. For inter and intra-examiner reliability assessments, 
20 of the participants (10 orthodontists and 10 laypeople) 
were randomly selected to repeat the questionnaire after 
two weeks.

Later, the data collected from occlusal cant detection 
were used as a baseline to develop an OCI. The average of 
the starting points, measured in degrees, of OC detection 
by the orthodontists and laypersons served as the bound-
aries or cut-off points among index grades. The index 
consists of four  grades: grade 0 refers to the absence of 
an OC and the OP is parallel to the true horizontal plane; 

grade I denotes mild OC that could not be detected by 
either set of evaluators (orthodontists and laypersons); 
grade II indicates a range of OC degrees identified only 
by the orthodontists; and grade III represents severe OC 
cases wherein the degrees of OC are detected by both the 
orthodontists and the laypersons. For a comprehensive 
description of the OC cases in the index, each grade is 
accompanied by the site (right or left side), with the OP 
tilted downward (Table 2).

In order to validate the newly developed index, ten 
orthodontists from the Dental University Hospital at 
King Saud University with more than 10 years of experi-
ence were invited to participate in the validation process. 
Written informed consent was obtained from all evalu-
ators enrolled in this study. The recommended range of 
experts for content validation studies is 5–10 [15–18]. 
The questionnaire was prepared electronically using the 
Alchemer survey software (Alchemer, Boulder, CO, USA) 
and displayed to the experts on a tablet device (Apple 
iPad Pro 11, Apple Inc.). The questionnaire commenced 
with the OCI table, which was presented and explained 
to the experts. Next, a set of the items to be assessed were 
presented as questions. The evaluators were then asked 
to rate each item based on relevance and clarity on a 
four-point scale (Table 3).

Statistical analysis
All data were analyzed using the Statistical Package for 
the Social Sciences (SPSS) software version 26.0 (IBM 
Inc., Chicago, IL, USA). Descriptive statistics were used 
to describe all variables.

A significant difference in OC detection between lay-
people and experts was calculated (∝ = 0.05) using the 

Fig. 1 Occlusal plane manipulation: a right-sided OC 1°–5°; b left-sided OC 1°–5°

Table 1 Sample distribution of individuals recruited for OC 
detection

Participants N Male Female

Orthodontists 67 31 36

Laypeople 67 33 34

Total 134 57 77
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chi-squared test. To evaluate the inter- and intra-exam-
iner reliability in OC detection among orthodontists and 
laypeople, kappa statistics were used. For the assessment 
of the content validity of the OCI, the content validity 
index (CVI) was used, including both the item-level CVI 
(I-CVI), which measures the proportion of experts who 
provided a rating of 3 or 4 to each item, and the scale-
level CVI based on average (S-CVI/Ave) which reflects 
the average of I-CVI scores for all items on the OCI. The 
OCI is considered to have excellent content validity if 
I-CVI was equal to or more than 0.78 and S-CVI/Ave was 
equal to or more than 0.9; otherwise, a revision based on 
the experts’ opinions was deemed necessary. In addition, 

a modified kappa index (κ*) of inter-rater agreement is an 
important supplement to CVI. It was computed to pro-
vide information about the degree of agreement by elimi-
nating any random elements.

Results
OC detection
The inter- and intra-examiner reliabilities among lay-
people were (0.83) and (0.86) while among orthodontists 
were (0.92) and (0.89)  respectively, which indicate high 
kappa values In both groups, there were no significant 

Table 2 The proposed description of the OCI grades

Grade Side Description

Grade 0 No OC is present (the OP is parallel to the true horizontal plane)

Grade I Right The OP is tilted down on the right side, and the OC is NOT detected by either the orthodontists or the laypersons

Left The OP is tilted down on the left side, and the OC is NOT detected by either the orthodontists or the laypersons

Grade II Right The OP is tilted down on the right side, and the OC is detected by the orthodontists only

Left The OP is tilted down on the left side, and the OC is detected by the orthodontists only

Grade III Right The OP is tilted down on the right side, and the OC is detected by the orthodontists and the laypersons

Left The OP is tilted down on the left side, and the OC is detected by the orthodontists and the laypersons

Table 3 Items and assessment criteria of the content validity questionnaire

Diagnosis of the OC
1a. Is the OCI relevant to the diagnosis of the 
OC?

1
Not relevant

2
Relevant but
needs major revisions

3
Relevant but needs minor revisions

4
Very relevant

1b. Is the OCI clear to the diagnosis of the OC? 1
Not clear

2
Clear but needs major revisions

3
Clear but needs minor revisions

4
Very Clear

Side of the OC
2a. Is the OCI relevant with respect to detecting 
the side of the OC?

1
Not relevant

2
Relevant but needs major revisions

3
Relevant but needs minor revisions

4
Very relevant

2b. Is the OCI clear to detecting the side of the 
OC?

1
Not clear

2
Clear but needs major revisions

3
Clear but needs minor revisions

4
Very clear

Cut-off points of the scoring system
3a. Are the cut-off points of the scoring systems 
being relevant?

1
Not relevant

2
Relevant but needs major revisions

3
Relevant but needs minor revisions

4
Very relevant

3b. Are the cut-off points of the scoring systems 
clear?

1
Not clear

2
Clear but needs major revisions

3
Clear but needs minor revisions

4
Very clear

Communication
4a. Is the OCI relevant with respect to commu-
nication among practitioners and researchers?

1
Not relevant

2
Relevant but needs major revisions

3
Relevant but needs minor revisions

4
Very relevant

4b. Is the OCI relevant with respect to commu-
nication among practitioners and researchers?

1
Not clear

2
Clear but needs major revisions

3
Clear but needs minor revisions

4
Very clear

Foundation for future modifications
5a. Is the OCI as a foundation index relevant for 
any applicable future modification?

1
Not relevant

2
Relevant but needs major revisions

3
Relevant but needs minor revisions

4
Very relevant

5b. Is the OCI as a foundation index clear for any 
applicable future modification?

1
Not clear

2
Clear but needs major revisions

3
Clear but needs minor revisions

4
Very clear
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differences in OC detection between sexes; accordingly, 
the data were pooled.

Orthodontists were able to detect the OC at all 
degrees except for 1° on both sides (Table  4). On the 
other hand, the ability to detect OC was significantly 
reduced among laypeople, as they were only able to 
detect OC at 4° and 5° on both sides (Table 4).

A comparison of OC detection between orthodon-
tists and laypeople in Table 5 shows that orthodontists 
had an increased ability to detect OC compared to lay-
people. There was a statistically significant difference 
(p < 0.05) between the groups at 2° and 3° on both sides; 
the orthodontists were found to be more able to detect 
OC. Accordingly, the OC detection thresholds among 

orthodontists and laypeople were measured at 2° and 
4°, respectively.

OCI development and validation
Data collected from the OC detection were used as a 
baseline to develop the OCI and define the degrees of OC 
in each grade (Table 6).

Ten experts scored five items regarding two attributes 
(relevance and clarity). In the item-level CVI, the rel-
evance and clarity of the OCI were measured at equal or 
more than 0.78 I-CVI and more than 0.74 κ*; these results 
are interpreted as showing excellent content validity. The 
CVI for the entire OCI was calculated in terms of rele-
vance and clarity by scale-level CVI based on the average 
S-CVI/Ave and scored 0.94 and 0.92, respectively, where 
S-CVI/Ave is equal or more than 0.9 is considered the 
goal value of for high content validity (Table 7).

Table 4 OC detection at varying degrees of OC among orthodontists and laypeople

a L Left; bR Right, cP-value: * = P ≤ 0.05, ** = P ≤ 0.01, *** = P ≤ 0.001

Orthodontists N = 67 Laypeople N = 67

Photo Count (%) Chi-Square P Count (%) Chi-Square Pc

5°  La 65 (97) 59.239 0.00*** 60 (89.55) 41.925 0.00***

4° L 60 (89.60) 41.925 0.00*** 53 (79.10) 22.701 0.00***

3° L 56 (83.60) 30.224 0.00*** 24 (35.80) 5.388 0.02*

2° L 46 (68.70) 9.328 0.002** 21 (31.30) 9.328 0.002**

1° L 7 (10.40) 41.925 0.00*** 7 (10.40) 41.925 0.00***

0° 2 (3) 59.239 0.00*** 4 (6) 51.955 0.00***

1°  Rb 9 (13.40) 35.836 0.00*** 8 (11.90) 38.821 0.00***

2° R 55 (82.10) 27.597 0.00*** 23 (34.30) 6.582 0.01**

3° R 60 (89.60) 41.925 0.00*** 24 (35.80) 5.388 0.02*

4° R 60 (89.60) 41.925 0.00*** 56 (83.60) 30.224 0.00***

5° R 65 (97) 59.239 0.00*** 64 (95.50) 55.537 0.00***

Table 5 Comparison between orthodontists and laypeople in 
OC detection ability

a L Left; bR Right, cP-value: * = P ≤ 0.05, ** = P ≤ 0.01, *** = P ≤ 0.001

Degree Count (%) Chi-Square Pc

Orthodontists 
N = 67

Laypeople N = 67

5°  La 65 (97.00) 60 (89.55) 2.978 0.084

4° L 60 (89.60) 53 (79.10) 2.767 0.096

3° L 56 (83.60) 24 (35.80) 31.763 0.00***

2° L 46 (68.70) 21 (31.30) 18.657 0.00***

1° L 7 (10.40) 7 (10.40) 0 1

0° 2 (3.00) 4 (6.00) 0.698 0.403

1°  Rb 9 (13.40) 8 (11.90) 0.067 0.795

2° R 55 (82.10) 23 (34.30) 31.414 0.00***

3° R 60 (89.60) 24 (35.80) 41.349 0.00***

4° R 60 (89.60) 56 (83.60) 1.027 0.311

5° R 65 (97.00) 64 (95.50) 0.208 0.649

Table 6 Occlusal cant index (OCI)

Grades Degree Side Descriptions

Grade 0 0° No OC is present (the OP is parallel to the true 
horizontal plane)

Grade I 1° Right The OP is tilted down on the right side by 1°

1° Left The OP is tilted down on the left side by 1°

Grade II 2°–3° Right The OP is tilted down on the right side by 
2–3°

2°–3° Left The OP is tilted down on the left side by 2–3°

Grade III  ≥ 4° Right The OP is tilted down on the right side by ≥ 4°

 ≥ 4° Left The OP is tilted down on the left side by ≥ 4°
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Discussion
OC is a malocclusion trait currently lacking indexing or 
classification. The purpose of this study was to develop 
a newly proposed index to classify OC. The classifica-
tion designed in this study was based on the detection 
thresholds of OC among orthodontists and laypeople. 
The current literature lacks a common consensus to cat-
egorize the wide range of OC. Classifications and indices 
are essential in providing a basis for a rational, coherent, 
and systematic framework for categorizing and analyz-
ing a disease or trait [26]. The design of an index for OC 
will facilitate clinical assessment and diagnosis, as well as 
form the basis for epidemiological and research purposes 
regarding OC.

In the process of designing a new index involved ascer-
taining the ability of orthodontists’ and laypeople to 
detect OC, which was found to have increased for both 
observed groups as the amount of tilt increased. We 
found that there was a significant difference between 
orthodontists and laypeople in their ability to accurately 
detect OC; orthodontists detected all degrees of OC 
except for cases measured at 1°, while laypeople were 
able to perceive OC significantly at 4° and 5°. According 
to these findings, the OC thresholds were determined for 
each category. Grade I was defined as 1° OC, which is an 
amount of OC undetectable by orthodontists or laypeo-
ple. The grade II range of 2°–3° reflects the category of 
OC detected by orthodontists only. Grade III is measured 
at 4° and detectable by both orthodontists and laypeople.

The findings of this current paper are consistent with 
a US study that found that laypeople detected OC at 4 ̊ 
[19]. Ker et  al. [17] also found that laypeople were only 
capable of detecting OC at 4°, while one-third of their 
sample accepted the tilt at 6°. Recent work by Shiyan et al. 

[15] demonstrated that orthodontists were more precise 
in detecting OC than laypeople. This variation in detec-
tion capacity is most likely attributable to differences in 
professional expertise, knowledge, and professional envi-
ronment [18]. Orthodontists, according to Kokich et  al. 
[19], consider OC to be the most obvious discrepancy in 
smile characteristics. This may also explain our finding 
that the percentage of orthodontists who perceived OC 
was higher than that of laypeople in all 11 variations of 
OC presented.

The study participants included orthodontists with a 
minimum of three years of experience and laypeople with 
no medical or dental background to influence their deci-
sions. The inclusion of laypeople in the study served to 
represent social opinion. It is well documented that lay-
people have their own criteria for what constitutes an 
ideal smile [15, 19, 27]. As such, laypeople’s diminished 
ability to detect irregularities or abnormalities in com-
parison to dental professionals may serve as a deterrent 
to the recommendation or preparation of unnecessary 
treatment plans and complex approaches that may, in 
reality, be deemed irrelevant in an esthetic context [17]. 
In addition, the selected photograph represented a posed 
smile for standardization, and the image was flipped 
horizontally during manipulation, as described earlier. 
In this manner, human errors in manipulation and any 
asymmetry between the right and left sides of the model 
were eliminated.

As previously mentioned, the validation process is a 
cornerstone in the development of a new index. This 
ensures both usability for diagnostic purposes and the 
future development of international guidelines for the 
assessment and treatment of OC. A content validity eval-
uation was performed to provide preliminary evidence 

Table 7 Content validity  of the OCI

a I-CVI (item-level content validity index) = number of experts providing a rating of 3 or 4 / number of experts
b Pc (probability of chance occurrence) = [N/A * (N - A)] × 0.5 N, N = number of experts; A = number of experts providing a rating of 3 or 4
c κ*(modified kappa) = (I-CVI-Pc)(1-Pc)
d Evaluation criteria for the level of content validity: relationship between I-CVI and k*; excellent validity = I-CVI ≥ 0.78 and k* > 0.74 (****); good validity I-CVI < 0.78 
and ≥ 0.60 and k* ≤ 0.74 (***); fair validity I-CVI < 0.6 and ≥ 0.40 and k* ≤ 0.59 (**); and poor validity I-CVI < 0.4 and κ* < 0.40 (*)
e S−CVI/Ave (scale−level content validity index based on the average agreement among experts) = sum of the I−CVI / number of items

Relevance Clarity
Items Number of 

experts
Number of 
ratings of 3 
or 4

I-CVIa PC
b κ*c Evaluationd Number of 

ratings of 3 
or 4

I-CVIa PC
b κ*c Evaluationd

1 10 9 0.90 0.009 0.90 *** 9 0.90 0.009 0.90 ***

2 10 10 1.00 0.001 1.00 *** 10 1.00 0.001 1.00 ***

3 10 10 1.00 0.001 1.00 *** 9 0.90 0.009 0.90 ***

4 10 9 0.90 0.009 0.90 *** 9 0.90 0.009 0.90 ***

5 10 10 1.00 0.001 1.00 *** 10 1.00 0.001 1.00 ***

S-CVI/Avee 0.96 0.94
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for testing the newly devised index and highlighting the 
possibility of any modifications. The null hypothesis that 
there was no difference among the experts in validating 
the newly developed OCI is accepted. The proposed OCI 
had an excellent validity (S-CVI/Ave ≥ 0.9). All studied 
items in relation to the relevance and clarity of OCI were 
measured at ≥ 0.78 I-CVI and > 0.74 κ*, representing high 
content validity. For each item, the relevance and clar-
ity of the content were evaluated. The experts differen-
tiated and identified differences between the relevance 
and clarity of the content. They were clearly satisfied with 
the wording of the items in the index. A modified kappa 
index was utilized to test for the chance of agreement, 
which showed excellent agreement across the items. It 
is well documented that the CVI and kappa agreement 
results reflect a precise process for content validation 
evaluation [28]. In evaluating the content of the index, 
experts with a minimum of 10 years of experience in the 
field of orthodontics were invited to evaluate and modify 
the scale, if required.

This proposed index will serve as a diagnostic tool for 
OC in the clinical examination process. It indicates the 
extent and severity of this occlusal trait, as well as high-
lights the location or side of tilt in the OP. It includes 
grades for OCs, measured in degrees, and describes OC 
occurring on the right and left sides. This comprehen-
siveness will aid in communication among profession-
als. This index will provide a valid clinical tool for clinical 
diagnosis and facilitate communication among profes-
sionals. It also has applications in the education and epi-
demiological spectrums.

Additionally, this index is straightforward and simple to 
use. It is easily incorporated into routine clinical practice 
since it requires little or no time to set up. The index has 
the advantage of being amenable to future modifications. 
Adjustments may be made to further extend the categori-
zation to include items concerned with the origin of OC, 
whether the tilt is caused skeletally or as a result of dental 
discrepancies.

This study has several limitations. For example, in the 
detection phase, a single smile image of a female human 
was used, which has previously been reported to influ-
ence smile attractiveness [29]. Photographs of female 
models tend to be rated at lower scores for smile beauty 
when compared to photos of male models [29]. Another 
limitation was the use of a posed smile only, instead of 
different smile heights. According to Shiyan et  al. [15], 
different levels of smile height may affect the percep-
tion of OC among experts and laypeople alike. Excessive 
exposure of the anterior gingiva is also a confounding 
factor that may affect anterior smile aesthetics and make 
transverse anterior cants less acceptable in high-smile 
line groups [15]. The index’s classification is confined 

to two elements of OC: the amount and location of the 
discrepancy. In this study, only a content validation 
assessment was employed, which was crucial in identify-
ing the validity of the content measures. This is the first 
step required in the route to complete validation. Hence, 
future studies should test the criterion validation of the 
instrument to evaluate the validity of this diagnostic tool.

Conclusion
The OCI was developed to be implemented for diagnos-
tic, communication, and research purposes. The index 
showed strong evidence supporting content validity.

Abbreviations
OP: Occlusal plane; OC: Occlusal cant; OCI: Occlusal cant index; CVI: Content 
validity index; I-CVI: Item-level content validity index; S-CVI: Scale-level content 
validity index.

Acknowledgements
The authors would like to thank the College of Dentistry Research Center for 
their unlimited support. We would to express our sincere gratitude to Dr. Amal 
Jaber for the support and valuable input in the statistical analysis.

Author contributions
KA and HA were involved in the study design, KA and HA carried out the data 
collection. HA participated in statistical analysis. Writing the original draft of 
the manuscript done by HA. Reviewing and editing the final draft was carried 
out by KA. The authors have read and approved the final manuscript.

Funding
No funding was obtained.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval (No. E-21-5905) for the study protocol was obtained from the 
Institutional Review Board (IRB), of King Saud University Dental Hospital. The 
study was approved by and registered at the College of Dentistry Research 
Center, College of Dentistry, King Saud University (No. 0123). Written consents 
from participants to participate in this study were obtained in writing from all 
participants.

Consent for publication
The participant in figure one gave a written consent for the facial photographs 
to be published in this study. A copy of the signed, written informed consent 
for publication form is available for review by the editor.

Competing interests
The authors declare that there are no conflicts of interest regarding the publi-
cation of this paper.

Received: 25 October 2021   Accepted: 5 April 2022

References
 1. Ireland R. Oxford Dictionary of Dentistry, R. Ireland, Editor. 2010, Oxford 

University Press: New York. p. 190.



Page 8 of 8Alhuwaish and Almoammar  BMC Oral Health          (2022) 22:127 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 2. Shaw W, Richmond S, O’Brien K. The use of occlusal indices. Am J Orthod 
Dentofacial Orthop. 1995;107:1–10.

 3. Borzabadi-Farahani A. An insight into four orthodontic treatment need 
indices. Prog Orthod. 2011;12(2):132–42.

 4. Angle H. Classification of malocclusion. Dent Cosmos. 1899;41:248–64.
 5. Little RM. The irregularity index: a quantitative score of mandibular ante-

rior alignment. Am J Orthod. 1975;68(5):554–63.
 6. Brook PH, Shaw WC. The development of an index of orthodontic treat-

ment priority. Eur J Orthod. 1989;11(3):309–20.
 7. Richmond S, et al. The PAR Index (Peer Assessment Rating): methods to 

determine outcome of orthodontic treatment in terms of improvement 
and standards. Eur J Orthod. 1992;14(3):180–7.

 8. Daniels C, Richmond S. The development of the index of complexity, 
outcome and need (ICON). J Orthod. 2000;27(2):149–62.

 9. Lamarque S. The importance of occlusal plane control during 
orthodontic mechanotherapy. Am J Orthod Dentofacial Orthop. 
1995;107(5):548–58.

 10. Olivares A, et al. Canting of the occlusal plane: perceptions of den-
tal professionals and laypersons. Med Oral Patol Oral Cir Bucal. 
2013;18(3):e516–20.

 11. Padwa BL, Kaiser MO, Kaban LB. Occlusal cant in the frontal plane as a 
reflection of facial asymmetry. J Oral Maxillofac Surg 1997;55(8): p. 811–6; 
discussion 817.

 12. Severt TR, Proffit WR. The prevalence of facial asymmetry in the dentofa-
cial deformities population at the University of North Carolina. Int J Adult 
Orthodon Orthognath Surg. 1997;12(3):171–6.

 13. Maeda M, et al. 3D-CT evaluation of facial asymmetry in patients with 
maxillofacial deformities. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2006;102(3):382–90.

 14. Farret MM. Occlusal plane canting: a treatment alternative using skeletal 
anchorage. Dental Press J Orthod. 2019;24(1):88–105.

 15. Shiyan H, et al. Orthodontists’ and laypeople’s perception of smile height 
aesthetics in relation to varying degrees of transverse cant of anterior 
teeth. Aust Orthod J. 2016;32(1):55–63.

 16. Van Der Geld P, et al. Tooth display and lip position during spontaneous 
and posed smiling in adults. Acta Odontol Scand. 2008;66(4):207–13.

 17. Ker AJ, et al. Esthetics and smile characteristics from the layperson’s 
perspective: a computer-based survey study. J Am Dent Assoc. 
2008;139(10):1318–27.

 18. Kumar S, Gandhi S, Valiathan A. Perception of smile esthetics among 
Indian dental professionals and laypersons. Indian J Dent Res. 
2012;23(2):295.

 19. Kokich VO, Jr., Kiyak HA, Shapiro PA. Comparing the perception of 
dentists and lay people to altered dental esthetics. J Esthet Dent 
1999;11(6):311–24.

 20. Ebener MK. Reliability and validity basics for evaluating classification 
systems. Nurs Econ. 1985;3(6):324–7.

 21. Zamanzadeh V, et al. Design and implementation content validity study: 
development of an instrument for measuring patient-centered commu-
nication. J Caring Sci. 2015;4(2):165–78.

 22. Lynn M. Determination and quanti cation of content validity. Appl Nurs 
Res. 1986;35(6):381–5.

 23. Yusoff M. ABC of content validation and content validity index calcula-
tion. Educ Med J. 2019;11(2):49–54.

 24. Polit DF, Beck CT. The content validity index: are you sure you know 
what’s being reported? Critique and recommendations. Res Nurs Health. 
2006;29(5):489–97.

 25. Rufenacht CR. Fundamentals of esthetics. 2nd ed. Chicago: Quintessence; 
1990.

 26. Peeran SW, et al. Gingival pigmentation index proposal of a new index 
with a brief review of current indices. Eur J Dent. 2014;8(2):287–90.

 27. Krishnan V, et al. Characterization of posed smile by using visual analog 
scale, smile arc, buccal corridor measures, and modified smile index. Am J 
Orthod Dentofacial Orthop. 2008;133(4):515–23.

 28. Halek M, Holle D, Bartholomeyczik S. Development and evaluation of the 
content validity, practicability and feasibility of the Innovative dementia-
oriented Assessment system for challenging behaviour in residents with 
dementia. BMC Health Serv Res. 2017;17(1):554.

 29. Geron S, Atalia W. Influence of sex on the perception of oral and smile 
esthetics with different gingival display and incisal plane inclination. 
Angle Orthod. 2005;75(5):778–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development and validation of an occlusal cant index
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Statistical analysis

	Results
	OC detection
	OCI development and validation

	Discussion
	Conclusion
	Acknowledgements
	References


