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ABSTRACT
Introduction: The objectives of this study were to evaluate how laypersons and orthodontists evaluate 
and rank aesthetic parameters of an implant-supported crown (ISC) on the canine position (ISC-C) and 
lateral position (ISC-L).
Methods: A digital survey of 11 cases, 5 ISC-C, 5 ISC-L and 1 control case without ISC, was distributed to 207 
laypersons and 296 orthodontists. All cases included one extraoral photograph and three intraoral photo-
graphs. The respondents were asked to identify the ISC and to evaluate the aesthetic parameters regarding 
colour of the implant (CI), shape of the implant (SI) and gingival colour around ISC (GCI). Differences within 
and between the groups were tested using Chi-2-test and Independent-Samples t-test.
Results: All invited laypersons and 184 orthodontists (62% response rate) answered the survey. 
Orthodontists (89%) more correctly identified the ISC, regardless of its position, than laypersons (50%) (p 
< 0.001). Both laypersons (54%) and orthodontists (23%) rated higher proportions of acceptance of CI, SI 
and GCI in favour for the ISC-L than ISC-C (laypersons: 40%, orthodontists: 10%) (p < 0.001). Assessing each 
parameter separately, orthodontists rated higher for ISC-L, compared to the ISC-C (p < 0.001). In general, 
laypersons and orthodontist ranked tooth colour (mean, standard deviation [SD]:8.0,1.5 and 9.0, 1.0) and 
tooth shape (mean, SD: 8.0, 1.7 and 8.8, 1.2) as aesthetically higher than the gingival colour (mean, SD: 7.2, 
2.2 and 8.0, 1.7) (p > 0.001). 
Conclusion: Laypersons and orthodontists consider the ISC-L as aesthetically more preferable, compared 
to the ISC-C. 

ARTICLE HISTORY
Received 21 July 2023
Accepted 27 April 2024

KEYWORDS
Aesthetics; prom; dental 
appearance; laypeople; 
orthodontics; implant

Introduction
Reasons for a missing maxillary lateral or canine may be due to 
dental agenesis [1, 2] or surgical removal because of impaction [3, 
4] or trauma [5]. Treatment of a missing tooth in the aesthetic 
zone, that is in the maxillary front region, is challenging [6]. Three 
common, well-qualified treatments for replacing a missing maxil-
lary lateral or canine are orthodontic space opening and place-
ment of a single implant, orthodontic space closure with canine 
or premolar substitution, and tooth-supported restoration [6–9]. 
Choosing the most suitable treatment for the individual patient is 
a complex decision depending on factors such as the patient’s 
malocclusion, available space, profile, growth pattern, and the 
characteristics of gingiva and periodontium [7].

Smile is a crucial factor in facial expression [10] and plays an 
important part in how a person is perceived [11]. There is a 
strong correlation between smile attractiveness and face 
attractiveness [12], and self-perception and self-esteem [13]. 
The aesthetics of the smile is not only determined by teeth, but 
also by the visible gingiva and the lips framing the mouth [14]. 
In recent years, the demand for aesthetic dentistry has expanded, 

driven by an increased consciousness of aesthetics [15]. A lower 
acceptance of dental appearance is seen among younger 
people [16], with girls more dissatisfied with their dental 
appearance than boys [17–19]. Several studies have shown that 
colour, shape, and marginal gingiva of an implant-supported 
crown (ISC) are critical parameters affecting the aesthetic 
outcome [14, 20–23]. Dental asymmetries may also affect the 
aesthetics of the smile. Asymmetries of the maxillary incisor 
such as gingival margin height, dental midline shift and wear of 
the canine cusp were evaluated by orthodontists, 
prosthodontists, and lay persons. Smiles with asymmetries of 
the gingival margin height and dental midline shift resulted in a 
less attractive smile [24]. Incisal asymmetries of the central and 
lateral incisors, compared to their contralateral tooth, are also 
considered to give a more unattractive smile [25]. 

The layperson’s perception of the teeth and smile aesthetics 
are important to the orthodontist when deciding which 
treatment will be best for the patient. The interpretation of what 
is aesthetically pleasing is subjective and varies depending on 
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extracted maxillary lateral or canine, ISC on the missing/
extracted position, and pre-prosthodontic orthodontic treat-
ment with fixed appliance. The exclusion criteria were cleft lip 
and palate, and craniofacial syndromes. 

Eighteen cases met the criteria: 5 patients with ISCs on the 
canine position (ISC-C) and 13 patients with ISCs on the lateral 
position (ISC-L). Five out of 13 patients were randomly chosen to 
match the number of canine cases. In total, 10 patients (7 
females and 3 males) were included in the study. In the ISC-C 
group, four implants were placed on right side and one implant 
on the left side. The reasons for implant placement were 
impaction (n = 3) and agenesis (n = 2). In the ISC-L group, four 
implants were placed on the right side and one on the left side 
due to agenesis (n = 4) and severe root resorption (n = 1). One 
patient without a single implant, who had undergone 
orthodontic fixed appliance treatment, was also included. The 
control case was in the same age-span as the patients in the 
implant group. 

The surgical procedure was performed by two specialists at 
the Department of Oral and Maxillofacial Surgery in Borås, 
Public Dental Service, Region Västra Götaland, Sweden. The 
prosthetic treatments were performed by three specialists at the 
Specialist Clinic of Prosthodontics in Borås, Public Dental Service, 
Region Västra Götaland, Sweden. 

In three of the cases, fixtures with bone-level external 
connection fixture were used, and the remaining seven cases 
had fixtures with tissue-level internal connection. All single-
implants were provided with ceramic crowns except one with a 
metal-ceramic crown. All patients were treated with pre-
prosthodontic orthodontic treatment with fixed appliance in 
one or both jaws, by eight different specialists.

Method

A digital survey was created of the 11 included patients (5 ISC-C, 
5 ISC-L and 1 control case without ISC) who had extraoral and 
intraoral photographs taken at the end of the treatment: one 
frontal photo with natural posture and three intraoral photos – 
front, right and left view. Before the respondents were presented 
the cases, they were not informed that the patients were treated 
with orthodontic treatment and had ISC. Each case consisted of 
four questions, except for the control case, which had one ques-
tion. On all the questions, one option was possible to choose. 
The questions were mandatory and response editing was not 
possible. 

For each case, four questions were asked: (1) identification of 
any artificial tooth, (2) the colour (CI), (3) shape (SI), and (4) 
gingival colour (GCI) of the ISC compared to the contralateral 
tooth. The identification of artificial tooth was made viewing the 
extraoral frontal photograph and the rest of the questions were 
answered viewing the intraoral photographs. On question 2–4, 
the ISC and contralateral tooth were marked with a number to 
point out which teeth should be assessed. A 5-point Likert-scale, 
with options ‘bad’, ‘less good’, ‘acceptable’, ‘good’ and ‘excellent’, 
was used. The respondents were also asked to range in general, 

the individual’s subjective preferences, personal experience, 
and social environment [26]. Orthodontists are specially trained 
to pay attention and to assess features that might not be of 
consideration among the general dentist or laypersons [26, 27]. 
The threshold for unattractiveness has been reported lower 
among orthodontist than laypeople regarding smile aesthetics 
such as: unilateral crown length discrepancies [28], bilateral 
crown length discrepancies [29], gingival display [29], midline 
discrepancies [30], diastema [28], buccal corridors [31], tooth 
shape and colour [32]. 

The placement of an implant in the aesthetic zone usually 
requires an interdisciplinary approach with an orthodontist, oral 
surgeon, or periodontist, together with a prosthodontist, to 
minimise complications and achieve an optimal aesthetic and 
functional result. Treatment of replacing the maxillary lateral 
with an ISC is a well-established aesthetic treatment option 
when the permanent maxillary lateral is missing. Professional 
assessment of the aesthetic outcome of ISC anteriorly in the 
maxilla involves the pink aesthetic score and the white aesthetic 
score [33, 34]. The subjective evaluations consist how satisfied 
the patients is about the crown colour and gingival colour, and 
crown height [7, 35, 36]. 

Treatment assessment of missing laterals are often compared 
with orthodontic space closure and ISC evaluated by both 
laypersons and orthodontists [7, 35, 37, 38]. However, to this 
date and to the knowledge of the authors, there are no studies 
exploring the aesthetics of ISC in the canine position and the 
lateral position. Therefore, the primary aim of the study was to 
analyse laypersons and orthodontists’ identification skills and 
evaluation of the aesthetics of an ISC, replacing a maxillary 
lateral or canine. Furthermore, to describe how laypersons and 
orthodontists rank the importance of the aesthetic parameters, 
that is colour, shape, and gingival colour. 

The hypotheses were: 

1.	 The ISCs on the lateral position will be more frequently 
identified and assessed as being more aesthetic appealing 
than a crown on the canine position, according to layper-
sons and orthodontists.

2.	 The gingival colour will be rated by both orthodontists and 
laypersons as a more acceptable parameter than the crown 
colour and shape in the cases included in the survey. 

3.	 In general terms, the gingival colour is ranked to be the 
least important aesthetic parameter. 

Materials and methods

Subjects 

The study protocol was approved by the Swedish Ethical Review 
Authority (Dnr: 2020- 01826). Patients treated between 2004 
and 2006 at the specialist clinic of Orthodontics and 
Prosthodontics in Borås, Public Dental Service, Region Västra 
Götaland, Sweden, were recruited to this prospective cohort 
study. The inclusion criteria were patients between the age of 20 
and 25 years, unilateral agenesis of maxillary lateral or canine, 
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how important they rank tooth colour, tooth shape, and gingival 
colour, using a visual analogue (VSA)-scale from 0 to 10. The order 
of the patient cases in the survey was decided by drawing lots.

The survey was answered by laypersons between the age of 20 
and 25 years, who had neither studied nor worked in any dentistry 
field and were selected according to gender and age from the city 
centre of Gothenburg, Sweden with a population of approximately 
550.000 inhabitants. The questionnaire for laypersons was made 
in Google Forms and access to the survey was through personal 
contact or scanning a QR code with a smartphone. 

Orthodontists, who were members of the Swedish 
Orthodontic Society were asked to participate. The survey for 
the orthodontists consisted of the same patient cases but with 
some modifications; the orthodontists were not asked to 
evaluate the aesthetics of the contralateral tooth, and whenever 

the orthodontist choose the options ‘bad’ or ‘less good’, an 
additional question with multiple choice options was given. The 
questionnaire for the orthodontists was made in esMaker and 
sent by email, including information regarding the study and a 
link to the digital survey. Three reminder emails were sent during 
a 1-month period for those who had not replied.

Sample size calculation 

The sample size was calculated on the assumption that there is 
a 25% difference in acceptable aesthetic rating between layper-
sons and orthodontists for ISCs on the lateral and canine posi-
tion (significance level of 0.001), which was based on the article 
published by Josefsson & Lindsten [7]. The sample size analysis 
yielded that a minimum of 162 respondents is needed to acquire 

Figure 1.  Smile photographs of cases where laypersons and orthodontists were asked to identify the artificial tooth. Implant-supported lateral crown on 
the right side is seen in cases #6, 8, 9, 10, and on the left side in case #7. Implant-supported canine crown on right side is seen in cases #1, 2, 4, 5, and on the 
left side in case #3. Highest score for orthodontists to correctly identify the implant-supported crown was seen for cases #2 and 3 (99%) and lowest score 
for case #8 (45%), while the laypersons showed the highest score to correctly identify the implant-supported crown for case #8 (92%) and lowest score for 
case #6 (8%).
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a power of 90%. This number was increased to 200 for question-
naires with missing replies.

Statistical analysis

All data were analysed using Statistical Package for the Social 
Sciences (SPSS) software (version 27). Pearson’s chi-squared 
(Chi-2) test was used to analyse the answers within laypersons 
and orthodontists, when also comparing the two groups. 
Independent-Samples t-test were used to find differences in 
ranking importance of parameter. The differences between 
groups were tested for significance; differences with probabili-
ties less than 5% (p < 0.05) were considered statistically 
significant. 

For statistical analyses, alternatives ‘bad’ and ‘less good’ were 
grouped and represented as ‘non-acceptance of aesthetics’. 
Alternatives ‘acceptable’, ‘good’ and ‘excellent’ were grouped and 
represented as ‘acceptance of aesthetics’.

Results 

The survey was sent to 296 members of the Swedish Orthodontic 
Society, where 184 responded, resulting in a 62% response rate. 
Majority (63%) of the orthodontic respondents were female  
(n = 116) and the remaining (37%) were male (n = 68).

All 207 laypersons who were invited to participated 
responded, giving a 100% response rate. Of the laypersons, 51% 
(n = 106) were female and 49% male (n = 101).

Identification of the implant-supported crown

Correct identification of the ISC was made by the respondents in 
69% of the cases. The respondents identified correctly the ISC-L 
in 61% and ISC-C in 74% of the cases (p < 0.001). Orthodontists 
identified the ISC more correctly than laypersons (89% and 50%, 
respectively, p < 0.001) when viewing the smile photographs. 
Orthodontists more correctly identified the ISC-L, compared to 
the laypersons (83% and 41%, respectively, p < 0.001). 
Orthodontists more correctly identified the ISC-C, compared to 
laypersons (94% and 56%, respectively, p < 0.001) (Figure 1).

Assessment of aesthetic parameters of implant-supported 
crowns

Of the ISCs, orthodontists rated higher proportions of accept-
ance for the aesthetic parameters; CI, SI, and GCI, each parame-
ter individually, and all parameters considered as one, in favour 
for ISC-L, in comparison to ISC-C (p < 0.001). In addition, more 
ISC-C were assessed as having none of the aesthetic parameters 
as acceptable, compared to ISC-L (p < 0.001) (Table 1). Of the 
ISCs, laypersons rated higher proportions of acceptance of CI (p 
< 0.001) and GCI (p < 0.001) for the ISC-L, while SI was more 
favoured for the ISC-C (p = 0.05). When all aesthetic parameters 
were compared together, the ISC-L was assessed more accept-
able than the ISC-C (p < 0.001) (Table 1). 

Assessing the cases individually showed that five cases (case 
# 2, 4, 7, 9 and 10) were rated to be acceptable, when all three 
aesthetic parameters were rated as acceptable, in ≥ 50% of the 
laypersons. Most of the orthodontists’ responses showed that 
no cases were rated to be acceptable when viewing the three 
aesthetic parameters as one. The total acceptance was seen in 
larger proportions by the laypersons, compared to orthodontists, 
in all cases (p < 0.001) except for case 6 (p = 0.212) (Table 2, 
Figure 2). 

In 24% of the cases with ISC-L, the orthodontists rated 
acceptance for all three aesthetic parameters, compared to 10% 
for the ISC-C. The laypersons assessed 54% of the ISC-L as 
acceptable, and 40% of the ISC-C.

General importance of the aesthetic parameters

The orthodontists and laypersons rated the general importance 
of the aesthetic parameters. The colour of the tooth was valued 
higher by orthodontists compared to laypersons (p < 0.001). The 
tooth shape was rated higher by orthodontists in comparison to 
by laypersons (p < 0.001). The gingival colour was evaluated 
higher by orthodontists related to laypersons’ rating (p < 0.001) 
(Table 3).

Gingival colour was considered being the least important for 
both the groups. The most important parameter ranked by the 
orthodontists was tooth colour in relation to tooth shape  
(p > 0.05) and gingival colour (p > 0.001). Laypersons ranked 

Table 1.  Numbers and percentage (in brackets) of acceptable proportions of the aesthetic parameters of implant-supported crowns, rated by orthodontists 
and laypersons. The responses ‘bad’ and ‘less good’ were grouped and represented as ‘non-acceptance of aesthetics’, and the alternatives ‘acceptable’, ‘good’ 
and ‘excellent’ were grouped and represented as ‘acceptance of aesthetics’. Chi-2 was calculated for acceptance/non-acceptance and lateral/canine for 
orthodontists and laypersons, respectively. p-values * p < 0.05, *** p < 0.001, ns: non-significant.
Acceptance of aesthetic 
parameters

Orthodontists Laypersons

Lateral 
Implant supported 

crown 
N = 920

Canine 
Implant supported crown 

N = 920

p Lateral 
Implant supported  

crown 
N = 1,035

Canine 
Implant supported  

crown
N = 1,035

p

Colour implant (CI) 447 (49) 269 (29) *** 829 (80) 743 (72) ***
Shape implant (SI) 479 (52) 294 (32) *** 736 (71) 781 (75) *
Gingival colour implant (GCI) 494 (54) 344 (41) *** 741 (72) 551 (43) ***
All parameters (CI, SI and GCI)
None of the parameters (CI, SI 
and GCI)

215 (23)
194 (21)

90 (10)
410 (45)

***
 

***

556 (54)
90 (9)

418 (40)
102 (10)

*** 
NS
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tooth colour and shape being more important than gingival 
colour (p > 0.001), with no difference in ranking between tooth 
colour and shape (ns) (Figure 3).

Discussion

Several studies suggest that laypersons prefer orthodontic 
space closure with canine substitution over implant treatment 
[7, 35, 39]. However, there are cases when the conditions are 
favourable for space creation for an ISC. The results gained from 
the present study show that ISC-L is preferable. 

This study was justified as there are only few studies in the 
literature reporting aesthetic outcome of treatments replacing a 
missing maxillary canine [9, 40]. A strength of the study is the 
high number of respondents, making the response rate 
considered as high. The response rate for the orthodontists is 
similar to another study, whose survey was distributed through 
the Swedish Orthodontic Society [41]. To answer the questions 
of the survey, Likert-scale options were given, as well as one 
question using the VAS-scale; both commonly used methods to 
assess facial attractiveness [42, 43]. Other studies have 
conducted similar surveys with photographs of the mouth [35, 
44, 45]. The present study contained 10 cases and a high number 
of respondents to maintain focus. Nevertheless, there are studies 
with more cases and fewer participants estimating the esthetical 
outcome [9, 46, 47]. 

The results from this study showed that ISC-C is more 
frequently discerned than ISC-L by the respondents. 
Furthermore, the orthodontists distinguished ISCs to a higher 
degree than laypersons. This finding is not surprising as 
orthodontist are less tolerant to aesthetic discrepancies than 
laypersons [39, 48]. Additionally, the results showed that ISC-L is 
more aesthetically acceptable than ISC-C. This finding was 
supported by both laypersons and orthodontists. Differences in 
morphologies may suggest why the aesthetics of the ISC-L 
scored higher than ISC-C. The size and form of the maxillary 
anterior teeth are important for dental and facial aesthetics. The 
most harmonious smile has been shown to be the one with the 

golden proportions; the width of the anterior tooth is 60% the 
width of the adjacent tooth, thus the lateral incisors should be 
60% the width of the central incisors, and the canine 60% that of 
the lateral incisors [49]. The canine is a larger tooth as well as 
being placed in the curvature of the maxillary arch, making it 
more prominent than the lateral incisor [49, 50]. According to a 
systematic review, laypersons preferred flat, canine viewing 
photographs of male models, while no preferences were found 
for female models. Laypersons also preferred small teeth in 
images of female models and large teeth in images of male 
models [49]. It is well-known that dental aesthetics is important 
for the attractiveness of a face. Different factors affect the 
appearance of a smile such as tooth colour, shape, size, upper 
lip position, and gingival display [14]. These factors act 
together as one unit to produce the final aesthetic effect. Tooth 
colour is one of the most important factors that influences the 
perception of a smile [51]. In this study, when asking about 
tooth aesthetics in general, that is not considering ISCs, both 
colour and shape were considered more important than 
gingival colour. This is in accordance with another Swedish 
study showing that 18- to 19-year-old patients are more 
dissatisfied with the colour of the anterior teeth than 
irregularity, spacing, or increased overjet [52].

Viewing the cases, laypersons were more accepting to all 
aesthetic parameters, except for the GCI of the ISC-C. The 
proportion of laypersons rating acceptance for GCI of the ISC-C 
were equal to the proportion of orthodontists. For reasons 
unexplained, laypersons critically assessed the GCI of the ISC-C. 
Meijndert et al. also found that the soft tissue surrounding the 
implant crown was rated both by laypersons and dentists as less 
aesthetically satisfying, compared to the crown design [23]. 
Furthermore, aesthetic outcome of the gingiva is reported as 
being less appealing in implant treatments in cases with 
agenesis of laterals compared to space closure [7, 39]. 
Discoloured labial mucosa around the implant and the 
adjacent gingiva, papilla defect, and infra-occlusion are few of 
the long-term, negative observations found in patients treated 
with ISCs [7, 39, 53].

Table 2.  Proportion of acceptance for all three aesthetic parameters considered as one unit of correctly identified implant-supported crowns, data presented 
for the cases as rated by orthodontists and laypersons. Chi-2 was calculated for acceptance/non-acceptance and orthodontists/laypersons. ***p < 0.001, 
ns = non-significant.
Case Orthodontists

Acceptance of all three aesthetic parameters for 
implant-supported crowns

N = 308 (17%)

Laypersons
Acceptance of all three aesthetic parameters for 

implant-supported crowns
N = 974 (47%)

p

1 37 (20%) 80 (39%) ***
2 33 (18%) 141 (68%) ***
3 0 (0%) 42 (20%) ***
4 14 (8%) 116 (56%) ***
5 6 (3%) 39 (19%) ***
6 88 (48%) 86 (42%) NS
7 24 (13%) 103 (50%) ***
8 44 (24%) 97 (47%) ***
9 21 (11%) 138 (67%) ***
10 41 (22%) 132 (64%) ***
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Most of the laypersons scored that ISC-L was acceptable in 
the three-evaluated aesthetic parameter – crown colour, shape, 
and gingival colour. A majority outcome was not found for the 
ISC-C rated by laypersons, or for the ISC in either position, when 
orthodontists evaluated. Nevertheless, acceptance to all 
aesthetic parameters may be considered a high requirement. 
However, considering all parameters, orthodontists found ISC-L 
to be more acceptable in comparison to the ISC-C. Orthodontists 
were more critical in judging the aesthetic outcome, compared 
to laypersons. These results were expected since orthodontists 

are analytical when observing aesthetics, due to specialist 
training [26, 39]. Therefore, the threshold to score an asymmetry 
as aesthetically unattractive is lower in orthodontists than in 
laypersons [28].

Implant is preferred to be installed when the growth of the 
maxilla has ceased, approximately around 20 years of age [54, 
55]. Therefore, laypersons aged 20–25 years were asked to 
participate in this study, to represent the patients the cases were 
built upon. Young laypersons have high demands and are critical 
when assessing aesthetic parameters [16, 24]. In addition, 

Table 3.  Descriptive statistics of general judgement of importance of the aesthetic parameters tooth colour, tooth shape, and gingival colour evaluated by 
orthodontists and laypersons, using a VAS-scale ranging 0–10. 0: Parameter being not of importance, 10: Parameter being of the greatest importance. 
Independent T-test for the differences between orthodontists and laypersons of each parameter.
Parameter Orthodontists Laypersons T-test

Mean SD CI 95% Mean SD CI 95% p

Tooth colour 9.05 1.017 8.91–9.20 8.03 1.494 7.82–8.23 > 0.001
Tooth shape 8.84 1.184 8.67–9.01 8.00 1.743 7.76–8.24 > 0.001
Gingival colour 8.01 1.676 7.77–8.25 7.16 2.244 6.85–7.47 > 0.001

Figure 2.  Intraoral photos of all cases where laypersons and orthodontists were asked to rate the aesthetic parameters: colour of tooth, shape of tooth and 
gingival colour of the implant-supported crown, in comparison to the contralateral tooth. The implant-supported lateral crown on the right side is seen in cases 
#6, 8, 9, 10, and on the left side in case #7. The implant-supported canine crown on the right side is seen in cases #1, 2, 4, 5, and on the left side in case #3.
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satisfactory aesthetic outcome is influenced by society, media, 
and culture, from where social norms and ideals are created [56]. 
This is especially true in today’s society where social media have 
a big influence. Dentistry today is focussed on person-centred 
care, where the patient’s well-being is placed in the center of 
treatment-planning, to achieve optimal oral health care [57]. For 
future research projects, it would be valuable to study the long-
term satisfaction, by both practitioners and patients, of ISCs in 
the aesthetic region.

Limitations

The survey was long and took considerable time to answer. This 
could have had a ‘straight lining’ effect on the answers toward 
the end of the survey, since laypersons are inexperienced in 
viewing intraoral photographs. A straight lining effect may be 
seen when the respondents select the same response every 
time. This may be due to boredom, stress, or no longer moti-
vated to respond to the survey [58]. The generalisability of the 
included cases might not be representative for all cases with 
ISCs on the lateral and canine position. However, since the num-
ber of participants was high, the results can be generalised for 
the studied population. 

One limitation of the study might be the quality of the clinical 
photos the survey is based on, though the survey was digital 
and could be answered on any digital device that is smartphone 
or computer. The devise used contributes to differences when 
viewing. On the other hand, digital viewing is considered better 
than viewing photos on paper. In addition, another restriction of 
the study is the distribution of the survey, many of the 
participants (laypersons) were asked to scan a QR-code to 
answer the survey, while the orthodontists received the survey 
via e-mail. The varying size of screen when viewing photos, 
might be reflected in the responses.

Figure 3.  Boxplot of the general judgement of importance of the aesthetic parameters colour, shape of the implant-supported crown, and gingival colour 
evaluated by orthodontists and laypersons, using a VAS-scale ranging 0–10. 0: Parameter being not of importance, 10: Parameter being of the greatest 
importance. Orthodontists ranked tooth colour as being the most important parameter in relation to tooth shape (p < 0.05) and gingival colour (p < 0.001). 
Tooth shape was ranked being more important than gingival colour (p < 0.001). Laypersons ranked tooth colour and tooth shape being more important than 
gingival colour (p < 0.001). Comparisons of mean performed by independent-samples t-test, *p < 0.05, ***p < 0.001, ns = non-significant.

Conclusions

An ISC placed on the lateral position is more aesthetically prefer-
able than on the canine position, though orthodontists were 
more critical than laypersons. The colour and the shape of the 
tooth, in general, is rated as being more aesthetically important 
than the gingival colour by laypersons and orthodontists. These 
findings should be taken into consideration when planning ISCs 
in the aesthetic region.

References
[1]	 Polder BJ, Van’t Hof MA, Van Der Linden FPGM, et al. A meta‐anal-

ysis of the prevalence of dental agenesis of permanent teeth. 
Community Dent Oral Epidemiol. 2004;32(3):217–226. https://doi.
org/10.1111/j.1600-0528.2004.00158.x

[2]	 Bergendal B. When should we extract deciduous teeth and 
place implants in young individuals with tooth agenesis?(Au-
thor abstract)(Report). J Oral Rehabil. 2008;35(s1):55. https://doi.
org/10.1111/j.1365-2842.2007.01829.x

[3]	 Becker A, Chaushu S. Etiology of maxillary canine impaction: a 
review. Am J Orthod Dentofacial Orthop. 2015;148(4):557–567. 
https://doi.org/10.1016/j.ajodo.2015.06.013

[4]	 Cooke J, Wang HL. Canine impactions: incidence and management. 
Int J Periodontics Restorative Dent. 2006;26(5):483–491.

[5]	 Borssén E, Holm AK. Traumatic dental injuries in a cohort of 16-year-
olds in northern Sweden. Endod Dent Traumatol. 1997;13(6): 
276–280. https://doi.org/10.1111/j.1600-9657.1997.tb00055.x

[6]	 Kokich VO, Jr., Kinzer GA. Managing congenitally missing lateral 
incisors. Part I: Canine substitution. J Esthet Restor Dent. 2005;17(1): 
5–10. https://doi.org/10.1111/j.1708-8240.2005.tb00076.x

[7]	 Josefsson E, Lindsten R. Treatment of missing maxillary lateral incisors: 
a clinical and aesthetic evaluation. Eur J Orthod. 2019;41(3):273–278. 
https://doi.org/10.1093/ejo/cjy061

[8]	 Kiliaridis S, Sidira M, Kirmanidou Y, et al. Treatment options for con-
genitally missing lateral incisors. Eur J Oral Implantol. 2016;9(Suppl 
1):S5–24.

https://doi.org/10.1111/j.1600-0528.2004.00158.x
https://doi.org/10.1111/j.1600-0528.2004.00158.x
https://doi.org/10.1111/j.1365-2842.2007.01829.x
https://doi.org/10.1111/j.1365-2842.2007.01829.x
https://doi.org/10.1016/j.ajodo.2015.06.013
https://doi.org/10.1111/j.1600-9657.1997.tb00055.x
https://doi.org/10.1111/j.1708-8240.2005.tb00076.x
https://doi.org/10.1093/ejo/cjy061


369  N. SABEL ET AL.

[9]	 Thiruvenkatachari B, Javidi H, Griffiths SE, et al. Extraction of 
maxillary canines: esthetic perceptions of patient smiles among 
dental professionals and laypeople. Am J Orthod Dentofacial 
Orthop. 2017;152(4):509–515. https://doi.org/10.1016/j.
ajodo.2017.02.015

[10]	 Beamish AJ, Foster JJ, Edwards H, et al. What’s in a smile? A review of 
the benefits of the clinician’s smile. Postgrad Med J. 2019;95(1120): 
91–95. https://doi.org/10.1136/postgradmedj-2018-136286

[11]	 Reis HT, Wilson IM, Monestere C, et al. What is smiling is beauti-
ful and good. Eur J Soc Psychol. 1990;20(3):259–267. https://doi.
org/10.1002/ejsp.2420200307

[12]	 Godinho J, Gonçalves RP, Jardim L. Contribution of facial com-
ponents to the attractiveness of the smiling face in male and 
female patients: a cross-sectional correlation study. Am J Orthod 
Dentofac Orthop. 2020;157(1):98–104. https://doi.org/10.1016/j.
ajodo.2019.01.022

[13]	 Tjan AHL, Miller GD, The JGP. Some esthetic factors in a smile. J 
Prosthetic Dent. 1984;51(1):24–28. https://doi.org/10.1016/S0022-
391​3(84)80097-9

[14]	 Van der Geld P, Oosterveld P, Van Heck G, et al. Smile attractive-
ness. Self-perception and influence on personality. Angle Orthod. 
2007;77(5):759–765. https://doi.org/10.2319/082606-349

[15]	 Singh VP, Uppoor AS, Nayak DG, et al. Black triangle dilemma and its 
management in esthetic dentistry. Dent Res J. 2013;10(3):296.

[16]	 Alkhatib MN, Holt R, Bedi R. Age and perception of dental appear-
ance and tooth colour. Gerodontology. 2005;22(1):32–36. https://
doi.org/10.1111/j.1741-2358.2004.00045.x

[17]	 Abu Alhaija ESJ, Al-Nimri KS, Al-Khateeb SN. Self-perception of mal-
occlusion among North Jordanian school children. Eur J Orthodon. 
2005;27(3):292–295. https://doi.org/10.1093/ejo/cjh094

[18]	 Shaw WC. Factors influencing the desire for orthodontic treat-
ment. Eur J Orthod. 1981;3(3):151–162. https://doi.org/10.1093/
ejo/3.3.151

[19]	 Sheats RD, McGorray SP, Keeling SD, et al. Occlusal traits and per-
ception of orthodontic need in eighth grade students. Angle 
Orthodontist. 1998;68(2):107.

[20]	 Dong JK, Jin TH, Cho HW, et al. The esthetics of the smile: a review of 
some recent studies. Int J Prosthodont. 1999;12(1):9–19.

[21]	 Pollini A, Morton D, Arunyanak SP, et al. Evaluation of esthetic param-
eters related to a single implant restoration by laypeople and den-
tists. J Prosthet Dent. 2020;124(1):94–99. https://doi.org/10.1016/j.
prosdent.2019.08.017

[22]	 Chang M, Odman PA, Wennström JL, et al. Esthetic outcome of 
implant-supported single-tooth replacements assessed by the 
patient and by prosthodontists. Int J Prosthodon. 1999;12(4):335.

[23]	 Meijndert L, Meijer HJ, Stellingsma K, et al. Evaluation of aesthetics 
of implant-supported single-tooth replacements using different 
bone augmentation procedures: a prospective randomized clini-
cal study. Clin Oral Implants Res. 2007;18(6):715–719. https://doi.
org/10.1111/j.1600-0501.2007.01415.x

[24]	 Pinho S, Ciriaco C, Faber J, et al. Impact of dental asymmetries 
on the perception of smile esthetics. Am J Orthod Dentofacial 
Orthop. 2007;132(6):748–753. https://doi.org/10.1016/j.
ajodo.2006.01.039

[25]	 Machado AW, Moon W, Gandini LG, Jr. Influence of maxillary inci-
sor edge asymmetries on the perception of smile esthetics among 
orthodontists and laypersons. Am J Orthod Dentofacial Orthop. 
2013;143(5):658–664. https://doi.org/10.1016/j.ajodo.2013.02.013

[26]	 Al Taki A, Khalesi M, Shagmani M, et al. Perceptions of altered 
smile esthetics: a comparative evaluation in orthodontists, den-
tists, and laypersons. Int J Dent. 2016;2016:7815274. https://doi.
org/10.1155/2016/7815274

[27]	 Miller CJ. The smile line as a guide to anterior esthetics. Dent Clin 
N Am. 1989;33(2):157–164. https://doi.org/10.1016/S0011-8532(22)​
01184-3

[28]	 Kokich VO, Kokich VG, Kiyak HA. Perceptions of dental professionals 
and laypersons to altered dental esthetics: asymmetric and symmet-
ric situations. Am J Orthod Dentofacial Orthop. 2006;130(2):141–151. 
https://doi.org/10.1016/j.ajodo.2006.04.017

[29]	 Kokich V, Kiyak H, Shapiro P. Comparing the perception of 
dentists and lay people to altered dental esthetics. J Esthetic  
Dent. 1999;11(6):311–324. https://doi.org/10.1111/j.1708-8240.1999.
tb00414.x

[30]	 Johnston CD, Burden DJ, Stevenson MR. The influence of dental to 
facial midline discrepancies on dental attractiveness ratings. Eur J 
Orthod. 1999;21(5):517–522. https://doi.org/10.1093/ejo/21.5.517

[31]	 Parekh SM, Fields HW, Beck M, et al. Attractiveness of variations in the 
smile arc and buccal corridor space as judged by orthodontists and 
laymen. Angle Orthodontist. 2006;76(4):557–563.

[32]	 Parrini S, Rossini G, Castroflorio T, et al. Laypeople’s percep-
tions of frontal smile esthetics: a systematic review. Am J Orthod 
Dentofacial Orthop. 2016;150(5):740–750. https://doi.org/10.1016/j.
ajodo.2016.06.022

[33]	 Furhauser R, Florescu D, Benesch T, et al. Evaluation of soft tis-
sue around single-tooth implant crowns: the pink esthetic 
score. Clin Oral Implants Res. 2005;16(6):639–644. https://doi.
org/10.1111/j.1600-0501.2005.01193.x

[34]	 Belser UC, Grutter L, Vailati F, et al. Outcome evaluation of early placed 
maxillary anterior single-tooth implants using objective esthetic cri-
teria: a cross-sectional, retrospective study in 45 patients with a 2- to 
4-year follow-up using pink and white esthetic scores. J Periodontol. 
2009;80(1):140–151. https://doi.org/10.1902/jop.2009.080435

[35]	 Schneider U, Moser L, Fornasetti M, et al. Esthetic evaluation of 
implants vs canine substitution in patients with congenitally missing 
maxillary lateral incisors: are there any new insights? Am J Orthod 
Dentofacial Orthop. 2016;150(3):416–424. https://doi.org/10.1016/j.
ajodo.2016.02.025

[36]	 Hedmo C, Lindsten R, Josefsson E. Laypeople and dental profession-
als’ perception of the aesthetic outcome of two treatments for miss-
ing lateral incisors. Clin Exp Dent Res. 2022;8(1):262–269. https://doi.
org/10.1002/cre2.504

[37]	 Kinzer GA, Kokich VO. Managing congenitally missing lateral incisors. 
Part III: single‐tooth implants. J Esthetic Restorat Dent. 2005;17(4):202–
210. https://doi.org/10.1111/j.1708-8240.2005.tb00116.x

[38]	 Robertsson S, Mohlin B, Thilander B. Aesthetic evaluation in subjects 
treated due to congenitally missing maxillary laterals. A compar-
ison of perception in patients, parents and dentists. Swed Dent J. 
2010;34(4):177–186.

[39]	 Dueled E, Gotfredsen K, Trab Damsgaard M, et al. Professional and 
patient-based evaluation of oral rehabilitation in patients with tooth 
agenesis. Clin Oral Implants Res. 2009;20(7):729–736. https://doi.
org/10.1111/j.1600-0501.2008.01698.x

[40]	 Senty EL. The maxillary cuspid and missing lateral incisors: esthetics 
and occlusion. Angle Orthodontist. 1976;46(4):365–371.

[41]	 Christell H, Birch S, Bondemark L, et al. The impact of Cone Beam 
CT on financial costs and orthodontists’ treatment decisions in the 
management of maxillary canines with eruption disturbance. Eur J 
Orthod. 2018;40(1):65–73. https://doi.org/10.1093/ejo/cjx039

[42]	 Dourado GB, Volpato GH, de Almeida-Pedrin RR, et al. Likert 
scale vs visual analog scale for assessing facial pleasantness.  
Am J Orthod Dentofacial Orthop. 2021;60:844-852. https://doi.
org/10.1016/j.ajodo.2020.05.024

[43]	 Oliveira PL, Motta AF, Guerra CJ, et al. Comparison of two scales for 
evaluation of smile and dental attractiveness. Dent Press J Orthod. 
2015;20(2):42–48. https://doi.org/10.1590/2176-9451.20.2.042-048.oar

[44]	 Cracel-Nogueira F, Pinho T. Assessment of the perception of 
smile esthetics by laypersons, dental students and dental practi-
tioners. Int Orthod. 2013;11(4):432–444. https://doi.org/10.1016/j.
ortho.2013.09.007

[45]	 Pinho T, Bellot-Arcís C, Montiel-Company JM, et al. Esthetic assess-
ment of the effect of fingival exposure in the smile of patients with 

https://doi.org/10.1016/j.ajodo.2017.02.015
https://doi.org/10.1016/j.ajodo.2017.02.015
https://doi.org/10.1136/postgradmedj-2018-136286
https://doi.org/10.1002/ejsp.2420200307
https://doi.org/10.1002/ejsp.2420200307
https://doi.org/10.1016/j.ajodo.2019.01.022
https://doi.org/10.1016/j.ajodo.2019.01.022
https://doi.org/10.1016/S0022-3913(84)80097-9
https://doi.org/10.1016/S0022-3913(84)80097-9
https://doi.org/10.2319/082606-349
https://doi.org/10.1111/j.1741-2358.2004.00045.x
https://doi.org/10.1111/j.1741-2358.2004.00045.x
https://doi.org/10.1093/ejo/cjh094
https://doi.org/10.1093/ejo/3.3.151
https://doi.org/10.1093/ejo/3.3.151
https://doi.org/10.1016/j.prosdent.2019.08.017
https://doi.org/10.1016/j.prosdent.2019.08.017
https://doi.org/10.1111/j.1600-0501.2007.01415.x
https://doi.org/10.1111/j.1600-0501.2007.01415.x
https://doi.org/10.1016/j.ajodo.2006.01.039
https://doi.org/10.1016/j.ajodo.2006.01.039
https://doi.org/10.1016/j.ajodo.2013.02.013
https://doi.org/10.1155/2016/7815274
https://doi.org/10.1155/2016/7815274
https://doi.org/10.1016/S0011-8532(22)01184-3
https://doi.org/10.1016/S0011-8532(22)01184-3
https://doi.org/10.1016/j.ajodo.2006.04.017
https://doi.org/10.1111/j.1708-8240.1999.tb00414.x
https://doi.org/10.1111/j.1708-8240.1999.tb00414.x
https://doi.org/10.1093/ejo/21.5.517
https://doi.org/10.1016/j.ajodo.2016.06.022
https://doi.org/10.1016/j.ajodo.2016.06.022
https://doi.org/10.1111/j.1600-0501.2005.01193.x
https://doi.org/10.1111/j.1600-0501.2005.01193.x
https://doi.org/10.1902/jop.2009.080435
https://doi.org/10.1016/j.ajodo.2016.02.025
https://doi.org/10.1016/j.ajodo.2016.02.025
https://doi.org/10.1002/cre2.504
https://doi.org/10.1002/cre2.504
https://doi.org/10.1111/j.1708-8240.2005.tb00116.x
https://doi.org/10.1111/j.1600-0501.2008.01698.x
https://doi.org/10.1111/j.1600-0501.2008.01698.x
https://doi.org/10.1093/ejo/cjx039
https://doi.org/10.1016/j.ajodo.2020.05.024
https://doi.org/10.1016/j.ajodo.2020.05.024
https://doi.org/10.1590/2176-9451.20.2.042-048.oar
https://doi.org/10.1016/j.ortho.2013.09.007
https://doi.org/10.1016/j.ortho.2013.09.007


ACTA ODONTOLOGICA SCANDINAVICA  370

unilateral and bilateral maxillary incisor agenesis. J Prosthodont. 
2015;24(5):366–372. https://doi.org/10.1111/jopr.12216

[46]	 De-Marchi LM, Pini NI, Ramos AL, et al. Smile attractiveness of 
patients treated for congenitally missing maxillary lateral inci-
sors as rated by dentists, laypersons, and the patients themselves. 
J Prosthet Dent. 2014;112(3):540–546. https://doi.org/10.1016/j.
prosdent.2014.01.019

[47]	 Parkin NA, Freeman JV, Deery C, et al. Esthetic judgments of pal-
atally displaced canines 3 months postdebond after surgical 
exposure with either a closed or an open technique. Am J Orthod 
Dentofacial Orthop. 2015;147(2):173–181. https://doi.org/10.1016/j.
ajodo.2014.10.026

[48]	 Armbruster PC, Gardiner DM, Whitley JB, Jr., et al. The congenitally 
missing maxillary lateral incisor. Part 1: esthetic judgment of treat-
ment options. World J Orthod. 2005;6(4):369–375.

[49]	 Witt M, Flores-Mir C. Laypeople’s preferences regarding frontal dentofa-
cial esthetics: tooth-related factors. J Am Dent Assoc. 2011;142(6):635–
645. https://doi.org/10.14219/jada.archive.2011.0245

[50]	 Brough E, Donaldson AN, Naini FB. Canine substitution for missing 
maxillary lateral incisors: the influence of canine morphology, size, 
and shade on perceptions of smile attractiveness. Am J Orthod 
Dentofacial Orthoped. 2010;138(6):705.e1–705.e9. https://doi.
org/10.1016/j.ajodo.2010.04.027

[51]	 Qualtrough AJ, Burke FJ. A look at dental esthetics. Quintessence Int. 
1994;25(1):7–14.

[52]	 Josefsson E, Bjerklin K, Lindsten R. Self-perceived orthodontic treat-
ment need and prevalence of malocclusion in 18- and 19-year-
olds in Sweden with different geographic origin. Swed Dent J. 
2010;34(2):95–106.

[53]	 Thilander B. Orthodontic space closure versus implant placement in 
subjects with missing teeth. J Oral Rehabil. 2008;35(Suppl 1):64–71. 
https://doi.org/10.1111/j.1365-2842.2007.01826.x

[54]	 Mishra SK, Chowdhary N, Chowdhary R. Dental implants in growing 
children. J Indian Soc Pedod Prev Dent. 2013;31(1):3–9. https://doi.
org/10.4103/0970-4388.112392

[55]	 Nahhas RW, Valiathan M, Sherwood RJ. Variation in timing, dura-
tion, intensity, and direction of adolescent growth in the man-
dible, maxilla, and cranial base: the Fels longitudinal study. Anat 
Rec (Hoboken). 2014;297(7):1195–1207. https://doi.org/10.1002/
ar.22918

[56]	 Mack MR. Perspective of facial esthetics in dental treatment plan-
ning. J Prosthetic Dent. 1996;75(2):169–176. https://doi.org/10.1016/
S0022-3913(96)90095-5

[57]	 Lee H, Chalmers N, Brow A, et al. Person-centered care model in 
dentistry. BMC Oral Health. 2018;18(1):198. https://doi.org/10.1186/
s12903-018-0661-9

[58]	 Kim SH, Hwang S, Hong YJ, et al. Visual attention during the 
evaluation of facial attractiveness is influenced by facial angles 
and smile. Angle Orthodontist. 2018;88(3):329–337. https://doi.
org/10.2319/080717-528.1

https://doi.org/10.1111/jopr.12216
https://doi.org/10.1016/j.prosdent.2014.01.019
https://doi.org/10.1016/j.prosdent.2014.01.019
https://doi.org/10.1016/j.ajodo.2014.10.026
https://doi.org/10.1016/j.ajodo.2014.10.026
https://doi.org/10.14219/jada.archive.2011.0245
https://doi.org/10.1016/j.ajodo.2010.04.027
https://doi.org/10.1016/j.ajodo.2010.04.027
https://doi.org/10.1111/j.1365-2842.2007.01826.x
https://doi.org/10.4103/0970-4388.112392
https://doi.org/10.4103/0970-4388.112392
https://doi.org/10.1002/ar.22918
https://doi.org/10.1002/ar.22918
https://doi.org/10.1016/S0022-3913(96)90095-5
https://doi.org/10.1016/S0022-3913(96)90095-5
https://doi.org/10.1186/s12903-018-0661-9
https://doi.org/10.1186/s12903-018-0661-9
https://doi.org/10.2319/080717-528.1
https://doi.org/10.2319/080717-528.1

