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Abstract

Introduction: To evaluate two patients with implant-supported single-tooth restorations in the maxillary anterior
region using the pink esthetic score/white esthetic score (PES/WES) and Copenhagen index score (CIS).

Methods: A questionnaire study was conducted at the Lokman Hekim University Faculty of Dentistry to evaluate
two different photographs of patients with a single implant restoration in the anterior region and a natural tooth
symmetrical to this restoration. Forty-five 4 and 5™ year students participated in the evaluation. The questionnaire
asked for the scores of PES/WES and CIS. The scores for PES/WES were 0 for significantly different, 1 for slightly different,
and 2 for no difference; for CIS, the scores were 1 for excellent, 2 for satisfactory, 3 for moderate, and 4 for poor
similarity. The student scores for each esthetic index were calculated as percentages (%). The study was conducted in
accordance with the Declaration of Helsinki.

Results: The PES/WES score 0 values for Case 1 was as follows: mesial papilla 21.1%, distal papilla 26.3%, crown form
18.4%, and crown surface structure 18.4%; whereas for Case 2, mesial papilla was 11.1%, distal papilla 15.6%, crown
form 26.7%, and crown surface structure 11.1%. The CIS score 4 values for Case 1 was as follows: crown morphology
0%, symmetry/harmony 2.6%, mesial papilla 5.3%, and distal papilla 5.3%; whereas for Case 2, crown morphology was
9.3%, symmetry/harmony 7%, mesial papilla 4.7%, and distal papilla 4.7%.

Discussion and Conclusion: The CIS provided more options, and the percentage distribution of the results was closer
to each other. The CIS was found to be more applicable in the esthetic evaluation of restorations.
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Patients' expectations in dental implantology are usually  criteria need to be evaluated to provide optimum esthetics
the restoration of lost functions and esthetics. The inthe anterior region of implant-supported prostheses."

esthetic and functional success of implant treatment are  Proper preoperative planning is critical for providing an
closelyrelated to the surrounding hard and soft tissues. Many  ideal esthetic to the final permanent prosthesis. While
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Figure 1. (a) Case 1: Intraoral anterior view; (b) Case 2: Left lateral view; (c) Case 2: Right lateral view.

evaluating the planned prosthetic restoration, the position
of the implant, the emergence profile and structure of the
gingival tissue, and the anatomical form of the alveolar
bone should be taken into consideration, along with the
adjacent teeth, lips, and gingiva.”? When treating a single
missing tooth in the anterior region with implants, the
aim is to achieve ideal symmetry; however, despite all
planning procedures, ideal esthetics may not be achieved.
The prosthetic material used, the depth and angle of the
implant in the bone, the phenotype of the gingiva in the
region, the presence of ideal soft tissue, and the cause of
tooth loss are important for an ideal crown.?

In the literature, some parameters affecting esthetics for
implant-supported restorations have been scored, and
esthetic indices have been found to provide a treatment plan
in accordance with expectations.”! The use of these indices
is important for the esthetic standardization of restorations
between physicians. In implantology, the indices used to
evaluate esthetics to objectify the esthetic perception that
may differ between individuals and make comparisons
are as follows: papilla score, pink esthetic score (PES), pink
esthetic score/white esthetic score (PES/WES), implant
crown esthetic index (ICEl), implant restoration esthetic
index (IREl), peri-implant and crown index (PICl), complex
esthetic index (CEIl), and Copenhagen index score (CIS).>

The papilla score was first developed to evaluate esthetics
in implantology; this index is a scoring method that
considers the vertical dimension of the papilla.”! In 2005,
Furhauser et al.”! introduced a new PES for the evaluation
of peri-implant soft tissues. The introduced index is based
on seven variables: mesial papilla, distal papilla, soft tissue
level, soft tissue contour, alveolar crest, soft tissue color,
and surface texture. Each variable was evaluated with a
score of 2-1-0, with 2 being the best and 0 being the worst.
All variables were evaluated in comparison with a reference
tooth. Belser et al.”? modified the previously published peri-
implant soft tissue index “PES” and combined it with a new
implant-supported restoration index “white esthetic score”
(WES) developed for their study. The PES/WES score requires

”~

soft and hard tissue assessment. The PES/WES assessment
objectively evaluates the contour, volume, and surface
texture of the crown in addition to root convexity and soft
tissue assessment. The CIS evaluates six parameters: (i)
crown morphology score, (ii) crown color matching score,
(iii) symmetry/harmony score, (iv) mucosal discoloration
score, (v) mesial papilla index score, and (vi) distal papilla
index score. All esthetic parameters were categorized
on a four-point scale. When scoring the parameters in
the evaluation scale, Score 1 indicated excellent; Score 2,
satisfactory; Score 3, moderate; and Score 4, poor.l'>14

In the study conducted by comparing three different
esthetic indices (PICI, ICEl, and PES/WES) for the evaluation
of implant-supported single crowns, it was concluded
that, compared with ICEl, PES/WES and PICI are more
reproducible; therefore, PES/WES and PICI are more
suitable as esthetic indices for single implant-supported
crowns.’™ The aim of the present study was to evaluate
implant-supported restorations in the anterior region
using PES/WES and CIS and make an esthetic comparison
with symmetrical natural teeth. The null hypothesis of the
study is that there will be no difference between the PES/
WES and CIS results.

Materials and Methods

This study was approved by the “Lokman Hekim University
Scientific Research Ethics Board” (Tiirkiye) under protocol
reference  number 2024115 (28/03/2024). Artificial
intelligence-supported technologies were not used during
the study. Informed consent was obtained from each
participant and the patients whose photographs would be
shared before participation. Intraoral photographs of the
patients were taken from the left lateral, right lateral, and
anterior views under appropriate lighting conditions with
a professional camera (Canon EOS 60D camera) and flash
(Godox twin flash) suitable for dentistry (Fig. 1a-c). A total
of forty-five 4" and 5% year dentistry students from Lokman
Hekim University Faculty of Dentistry were asked to evaluate
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Figure 2. PES/WES Scores for Case 1.

PES: Pink esthetic score; WES: White esthetic score.
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Figure 3. PES/WES Scores for Case 2.

two different patient photographs with a single implant in
the anterior region (upper left canine and upper right lateral
incisor) and symmetrical natural teeth on questionnaires
using the PES, WES, and CIS. The questionnaire was designed
in Turkish on a web-based Google form (Google LLC,
Mountain View, California, United States of America), and the
link was distributed to students via email, WhatsApp, and
other social media platforms. All questions were answered
anonymously, and informed consent was obtained from all
participants by giving a summary of the study to the patients
and subjects whose photographs would be used in the study.
The questionnaire consisted of a total of 16 questions and
included the PES, WES, and parameters used to evaluate the
CIS. The parameters in the questionnaire to evaluate the PES
or WES were as follows: mesial papilla, distal papilla, facial
mucosa curvature, facial mucosa level, root convexity, soft
tissue color, soft tissue surface structure, crown form, crown
outline/volume, crown color, crown surface structure, crown
translucency, and characterization. Each item was scored
between 0 and 2 points, wherein 0 indicates a significant
difference; 1, a slight difference; and 2, no difference. The CIS,
which is another index to be used, consists of six parameters:
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Figure 4. PES/WES “Score 0" for Cases 1 and 2.

crown morphology score, crown color matching score,
symmetry/harmony score, mucosal discoloration score,
papilla index score at the mesial region, and papilla index
score at the distal. For each question, there are four different
evaluation options: Score 1, excellent; Score 2, satisfactory;
Score 3, moderate; and Score 4, poor. The survey results were
evaluated by comparing the percentages of the result data of
the options marked on the Google form.

Results

Forty percent of the 45 students who participated in the
study were male and 60% were female. The scores obtained
from evaluating the PES/WES outcomes for Cases 1 and 2
are displayed in Figures 2 and 3. For Case 1, the percentage
of the mesial papilla that scored zero was 21.1%; the distal
papilla 26.3%; the facial mucosa curvature 21.1%; the
facial mucosa level 15.8%; the root convexity/soft tissue
color/soft tissue surface structure 23.7%; the crown form
18.4%; crown outline volume 18.4%; crown color 18.4%;
surface structure 18.4%; and crown translucency and
characterization 21.1% (Fig. 2).

For Case 2, the following PES/WES score results were
found for score 0: mesial papillae was 11.1%; distal papillae
15.6%; facial mucosa curvature 20%; facial mucosa level
26.7%; root convexity/soft tissue color/soft tissue surface
structure 22.2%; crown form 26.7%; crown outline/volume
24.4%; crown color 13.3%; crown surface structure 11.1%;
and crown translucency and characterization 17.8% (Fig. 3).

When Cases 1 and 2 were compared in terms of PES/WES
scores, it was determined that the mesial, distal papillary,
and facial mucosa curvature scores were more satisfactory
in Case 2 than in Case 1. However, when the crown form
and crown outline volume scores were evaluated, Case 1
had more satisfactory results (Fig. 4).
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Figure 5. CIS for Case 1.

CIS: Copenhagen index score.
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Figure 6. CIS for Case 2

The CISs for Cases 1 and 2 are displayed in Figures 5 and 6.
Based on these results, the following scores were recorded
for Case 1 for score 4: crown morphology 0%; crown color
congruence 2.6%; symmetry/congruence 2.6%; mucosal
discoloration 5.3%; mesial papilla 5.3%; and distal papilla
5.3% (Fig. 5). For Case 2, the scores were as follows for
score 4: crown color matching 4.7%; crown shape 9.3%;
symmetry/harmony 7%; mucosal discoloration 4.7%;
mesial papilla 4.7%; and distal papilla 4.7% (Fig. 6). When
Cases 1 and 2 were compared according to the CIS results,
the crown morphology and symmetry/harmony scores of
Case 1 were significantly more satisfactory than those of
Case 2. However, the mesial and distal papilla results were
similar in both cases (Fig. 7).

Discussion

Measuring patients' satisfaction with treatment outcomes
after dental treatments and evaluating factors affecting
satisfaction are important for treatment success. However,
scientific studies have shown no correlation between dental
treatment quality and patient satisfaction."™™ This result
demonstrated that patients concentrated on other visibleand
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Figure 7. CIS “Score 4" Points for Cases 1 and 2.

tactile metricsand were unable to accurately assess treatment
quality. To ensure patient satisfaction, satisfactory esthetics
and function should be provided. Numerous indices are used
to evaluate the esthetics of implant-supported restorations.
Despite the lack of universally accepted indices, the current
clinical literature recommends PES and CEl for single-tooth
implant-supported restorations.”™™ A study by Cho et al.l'®
compared the opinions of patients and expert observers
about the esthetics of maxillary single dental implants in
the esthetic region; it reported that the PES/WES index is a
suitable tool for evaluating the esthetics of single implant-
supported restorations and can provide objective results of
esthetic scores in daily practice. It was also concluded that
the index could be a useful tool in scientific research. For this
reason, PES/WES was preferred in the present study.

One of the literature reviews showed that anterior single
dental implants are a valid treatment option; however, they
can lead to some difficulties with tooth color and permanent
difficulties with the position of the implants and soft tissue
contours. The review also reported that, from a clinician's
perspective, PES/WES is still the most widely accepted
method for evaluating the esthetic results of single implant-
supported crowns in the maxillary anterior region.!'”!

A study by Jones et al.l'® assessed single-tooth implant-
supported restorations in the esthetic zone using PES and
WES and involved three prosthodontists and 101 laypeople.
Participants were asked to evaluate 27 photographs of
single-tooth implants and non-implant restorations in
the anterior region. According to the evaluation results
obtained, laypeople more easily identified white than pink
esthetic deficiencies. In the present study, since all the
participants were dental students, no significant difference
was observed when the PES/WES results were compared.
Tettamantietal.l'¥ compared three different estheticindices
for the evaluation of implant-supported single crowns.
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A total of 10 prosthodontists (P), 10 orthodontists (O), 10
general dentists (G), and 10 laymen (L) independently
evaluated 30 photographs and corresponding models
with three different esthetic indices (PICI, ICEl, and PES/
WES) and repeated the evaluations after 4 weeks. Based on
the results obtained, it was concluded that, compared with
the ICEl, the PES/WES and PICI were more reproducible;
therefore, the PES/WES and PICI were more suitable as
esthetic indices for single implant-supported crowns.

In 2022, Foong et all™ conducted a study aiming to
evaluate and compare the esthetic results of anterior
implant-supported single crowns with those of patients and
clinicians. In total, 133 patients with 138 implant-supported
restorations esthetic results were evaluated using a visual
analog scale (VAS) questionnaire. Patients with crowns in
the maxillary or mandibular canine region, a contralateral
natural tooth, and a functional duration of at least 6 months
were included in the study. Three trained prosthodontists
evaluated each restoration using the PES/WES index
from photographs and models. Two periodontists, two
orthodontists, and two general practitioners each evaluated
a random sample of 40 crowns using the same index for
comparison. The prosthodontists had significantly lower
mean PES, WES, and PES/WES scores than other specialties.
At the end of the study, it was found that evaluator patients
were less critical than clinicians, and there was a weak
correlation between patients' subjective evaluation results
and PES/WES index results evaluated by prosthodontists.

Hamdane et al.'? evaluated the esthetics of implant-
supported single crowns in the maxillary front region using
four distinct indices. Both professional and lay groups
participated, and the evaluation was repeated after 2-3
weeks. All indices evaluated in this study showed good
intra- and inter-rater reproducibility; however, the validity
of the esthetic indices evaluated using VAS (IREl and PICI)
was higher than the validity of the indices using numerical
ratings (PES, WES, and CIS). In a study using the CIS to test
the reliability and validity of esthetic parameters used at
the Copenhagen Dental School and compare professional
and patient-reported esthetic results, Hosseini et al.'
reported that the applicability, reliability, and validity of the
CIS parameters and the esthetic use of implant-supported
single-tooth restorations were beneficial. No significant
correlation was found between professional- and patient-
reported esthetic outcomes.

In the present questionnaire study, when the parameters
of the PES for Case 1 were evaluated, except for the facial
mucosa level, the participants marked the parameter
indicating a significant difference with the symmetrical

tooth.Inthe same case, whenthe parameters ofthe WES were
evaluated, a higher percentage of participants indicated no
difference (score 2) than those who indicated a significant
difference (score 0). When the PES/WES parameters for Case
1 are compared, participants' awareness of the parameters
related to PES is more pronounced.

For Case 1, when the mesial and distal papilla indices in the
CIS were compared with the papilla scores in the PES/WES
index, the CIS gave more satisfactory results in the gingival
evaluation. In the same case, when the crown color scorein the
PES/WES index was compared with the crown color matching
in the CIS, it was observed that the PES/WES index gave higher
esthetic results. Based on this, when evaluating the esthetic
parameters of the case, scoring with more options is thought
to indicate a more homogeneous distribution rather than a
sharp transition between options or fewer options.

When analyzing the PES parameters for Case 2, the results
were more consistent with the symmetrical tooth, except
for the facial mucosa level. When analyzing the white
esthetic parameters for the same patient, the patient was
found to have acceptable esthetics compared with the
symmetrical tooth, except for the form and the outline or
volume of the crown. Comparing the PES/WES indices for
this case, similar results were found in terms of awareness.
In Case 2, when the papillary scores were evaluated with
the indices, more satisfactory results were obtained in
the CIS than in the PES/WES; crown color matching also
showed better results in the CIS.

In this study, in which Cases 1 and 2 were compared with
two different indices, the difference between the indices is
attributed to the difference between the options that the
indices offer to the participant during esthetic evaluation.The
PES/WES index gives the participant the options of marked
difference, slight difference, and no difference, whereas the
CIS gives more options (perfect fit, satisfactory, moderate,
and poor fit) that reduce the acuity of these options. Users
have the opportunity to evaluate the four options to find
the more accurate option for the case among the answers.
Therefore, the null hypothesis that there will be no difference
between the PES/WES and CIS results is rejected.

The limitations of the current study include the small
number of clinical cases and participants evaluated, and
the fact that the questionnaire was not repeated after a
certain period of time.

Future studies with a larger number of participants from
different specialties in dentistry and repeated use of a
larger number of indices will provide more reliable results
in terms of comparing indices.
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Conclusion

Within the limitations of this study, we conclude the
following:

1. Given that the PES/WES index consists of three options,
the slight difference value (score 1) was found to be
higher. However, when the same cases were evaluated
using the CIS, the satisfactory results (score 2) were
found to be lower because this questionnaire has more
options.

2. Using the esthetic index, which has more options like
the CIS, may help achieve more accurate results.
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