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ABSTRACT

Aim: The Implant Crown Aesthetic (ICA) Index evaluates the aesthetic outcome of implant-supported single crowns in the

anterior zone by awarding nine points for the shape, color, and surface characteristics of the crowns and surrounding soft

tissue. The aim of this study was to measure the reproducibility of the ICA Index and assess the influence exerted by the

examiner’s degree of dental specialization.

Materials and Methods: Ten examiners (two general dentists, two prosthodontists, two oral surgeons, two orthodontists, and

two dental technicians) applied the ICA Index to 23 implant-supported single crowns twice at an interval of 4 weeks. The

inter- and intra-examiner ratings were analyzed. Cohen’s kappa (K) was used to measure the interexaminer reliability of

estimations by two appraisers at a significance level of p < .05.

Results: Within the various parameters, the observer agreement ranged 53 to 81%. All the examiners achieved moderate

agreement between the first and second ratings, whereby Cohen’s kappa was 0.49 (p < .001). The most agreement was

obtained by surgeons (K = 0.62, substantial) and the least by orthodontists (K = 0.24, sufficient). The lowest level of

agreement with other occupational groups was manifested by the orthodontists (244.3%). The ICA Index produced a

moderate Cohen’s kappa of 0.42 and agreement amounting to 67% between the two ratings within the occupational

groups. There was minimum agreement among the occupational groups (Cohen’s K = 0.11–0.37, observer agreement:

40.2–66.3%); again, the least agreement was between the orthodontists and others.

Conclusions: The ICA Index resulted in poor to moderate intra- and interexaminer agreement. The validity and reproduc-

ibility of the ICA indexing as an objective tool in rating implant aesthetics is questionable.

KEY WORDS: aesthetics, Implant Crown Aesthetic (ICA) Index, implant-supported single-tooth restoration, peri-implant

soft tissue

INTRODUCTION

The aesthetic integration of an implant-supported

dental restoration frequently constitutes a challenge.

As a genuine treatment alternative, implant-supported

restorations should conform to the good aesthetic

outcome of conventional crown and bridge technique,

or provide a better outcome. For many patients, an aes-

thetic result is the main motivating factor when deciding

in favor of dental implantation.1–3 While criteria con-

cerning the functional assessment of implants (stability,

radiographic bone loss, prosthetic complications, and

peri-implant hygiene)4–7 are prevalently employed for

the determination of implant success, the use of newer

indices for objective evaluation of aesthetics must, on

the other hand, be checked for validity. Measured by the

abundance of implant dentistry publications, which are
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chiefly concerned with osseointegration processes, clini-

cal success rates, and many examples of top-quality

restorative techniques, few studies are concerned with

the aesthetic parameters of implant restorations.8,9

There is a lack of objective methods of measurement in

order to assess aesthetic quality. In the “Consensus State-

ments and Recommended Clinical Procedures Regard-

ing Esthetics in Implant Dentistry,” Belser and

colleagues10 called for the inclusion of aesthetic outcome

in clinical studies.

Factors that have a major influence on aesthetics are

summarized as follows8,11–15:

Individual patient factors:

• gingival morphology and spatial orientation;

• periodontal biotype;

• smile line;

• occlusion;

• interdental and interocclusal space available.

Surgical factors:

• soft tissue management;

• bone repair;

• extent of surgery with or without flap;

• three-dimensional implant position.

Prosthetic factors:

• morphology, proportion, and color of the crown;

• shape, texture, and color of the soft tissue;

• prosthetic components and materials.

In order to evaluate and record aesthetics, a funda-

mental distinction may be drawn between subjective

and objective methods. One subjective method is for the

patient to answer questionnaires on which he or she can

express his or her satisfaction and any deficiencies that

may exist. However, this subjective assessment is not

suitable for evaluating any potential sources of error

or scope for improvement in restoration.16 Objective

methods by a professional examiner based on defined

criteria are rare in the field of aesthetic implant

dentistry.

Meijer and colleagues17 published a new index for

the assessment of the aesthetics of implant-supported

single crowns in 2005. This Implant Crown Aesthetic

(ICA) Index appears to be of particular interest because

it takes into account not only parameters for the evalu-

ation of the implant crown but also the peri-implant

mucosa. In a pilot study to investigate the reliability of

this new rating scale, evaluations of treatment outcome

were investigated on 24 implant-supported single

crowns by four examiners (two oral surgeons and two

prosthodontists) twice with an interval of 4 weeks.

Within the limited group of dentists questioned (four),

the results showed good intraobserver agreement

between the first and second assessment but consider-

able discrepancies in the evaluation of occupational

groups.17 In a current evaluation of the influence of

different bone augmentation techniques and materials

on the aesthetics of implant-supported restorations in

the anterior maxilla, the same occupational group con-

firmed that the ICA Index was objective in the evalua-

tion of implant restorations by a prosthodontist.9

Studies concerning the validity and reproducibility of

the ICA Index have to be performed. The question of

whether the assessment of the aesthetic outcome of an

implant-supported restoration is subject to the subjec-

tive appraisal of the observer or whether there are objec-

tive comprehensible rules of evaluation remains to be

clarified.

The aim of this study was to measure the reproduc-

ibility of the ICA Index and assess the influence exerted

by the examiner’s degree of dental specialization.

MATERIALS AND METHODS

Standardized intraoral photographs of 23 patients with

maxillary anterior implant-supported single crowns

and adjacent peri-implant soft tissue were evaluated

(XiVE® implants, Dentsply Friadent, Mannheim,

Germany). All images were available as A4-size black-

and-white and color prints. Nine parameters influenc-

ing the aesthetic outcome were selected for questioning

purposes: anatomic shape, color, and surface character-

istics of the crown and peri-implant soft tissue. Two

general dentists, two prosthodontists, two oral sur-

geons, two orthodontists, and two dental technicians

evaluated the 23 implant-supported single crowns and

the peri-implant mucosa by providing nine evaluation

index points. The grading used the ICA suggested by

Meijer and colleagues17 and was performed twice by

each examiner at an interval of 4 weeks. The contralat-

eral tooth and the adjacent soft tissue served as refer-

ence. The suggested standards of “ideal tooth shape and

position” were not taken into account, because they are

based on young healthy women and disregard the

individual parameters of facial proportions, height,

sex, characteristics of adjacent teeth, and individual
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harmony.15 The various categories that were applied for

the assessment of each parameter within the ICA Index

are listed in Table 1. One point was awarded for any

slight deviation and 5 points for any major deviation.

The ICA Index was then calculated as follows: 0

points = excellent; 1 point = satisfactory; 2 to 4

points = moderate; and 5 points or more = poor. A

major deviation in a single criterion would result in a

poor aesthetic assessment.17

Statistical Analysis

The statistical analyses were performed using software

packages SPSS® 11.5 (SPSS Inc., 2005, Chicago, IL,

USA) and SAS Version 8 (SAS Heidelberg, Heidelberg,

Germany). The assessments of 23 images by the 10

examiners applying nine evaluation criteria took place at

2 points in time. Consequently, the data comprised 10 ¥

23 ¥ 9 ¥ 2 = 4, 140 individual evaluations. However, in

TABLE 1 Rating Parameters of the Implant Crown Aesthetic Index
according to Meijer and Colleagues17

No. Item Parameter Points

1 Mesiodistal dimension of the crown

(crown width mesiodistally)

Highly undersized 5

Slightly undersized 1

No deviation 0

Slightly oversized 1

Highly oversized 5

2 Position of the incisal edge Highly undersized 5

Slightly undersized 1

No deviation 0

Slightly oversized 1

Highly oversized 5

3 Labial convexity of the crown Highly undersized 5

Slightly undersized 1

No deviation 0

Slightly oversized 1

Highly oversized 5

4 Color and translucency of the crown Major deviation 5

Minor deviation 1

No deviation 0

5 Texture of the crown Major deviation 5

Minor deviation 1

No deviation 0

6 Position of the vestibular margin of the

peri-implant mucosa (height of the

gingiva)

Deviation of >1.5 mm 5

Deviation of <1.5 mm 1

No deviation 0

7 Position of the mucosa in the proximal

spaces (interdental papilla)

Deviation of >1.5 mm 5

Deviation of <1.5 mm 1

No deviation 0

8 Contour of the vestibular structure of

the mucosa

Highly undersized 5

Slightly undersized 1

No deviation 0

Slightly oversized 1

Highly oversized 5

9 Color and surface of the existing attached

gingiva (keratinized gingiva)

Major deviation 5

Minor deviation 1

No deviation 0
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isolated cases, there were missing values because of a

lack of assessments for individual criteria. The following

statistical tests were used.

Cohen’s Kappa. Cohen’s kappa is a statistical measure

of the interexaminer reliability of estimations by two

appraisers.18

The equation for Cohen’s kappa (K) is:

K c c= −( ) −( )p p p0 1

where p0 is the measured agreement between the two

examiners, and pc is the expected chance agreement.

This measure is the agreement that is beyond any

expected chance agreement. If the examiners agree on all

assessments, K = 1. If only chance agreements are mea-

sured, the value K = 0.

K can be rated as follows18:

<0 2. : “ ”poor

0 21 0 40. . :to fair“ ”

0 41 0 60. . :to moderate“ ”

>0 60. : “ ”substantial

Observer Agreement. This test determines the simple

agreement rates as a percentage with the 95% confidence

intervals.18

The significance level of both tests was at p < .05.

Case Studies

Figures 1–3 demonstrate, by way of example, the appli-

cation of the ICA Index for evaluating the overall aes-

thetic outcome.

RESULTS

Agreement of First and Second Ratings

There was considerable agreement between the indi-

vidual scores of the first and second ratings (Figure 4).

This particularly applies to the scores given not only for

the peri-implant mucosa (items 6–9) but also the

mesiodistal dimension of the crown and the position of

A B

Figure 1 A and B, Implant-supported single-tooth restoration. Slight deviation in the labial surface characteristics of the crown and
the color of the peri-implant mucosa. The total score is 2 points, which indicates satisfactory aesthetics.

A B

Figure 2 A and B, Implant-supported single-tooth restoration. The mesiodistal dimension of the crown is slightly overcontoured,
and there is a slight deviation in the contour, color, and surface of the labial mucosa. The total score is 4, which indicates moderate
aesthetics.
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the incisal edge (items 1 and 2). The deviations for

items 3 to 5 appeared to be larger. Despite the appar-

ently good agreement between the mean values, the

high standard deviations point to an occasionally

substantial variation within the individual questions

(Table 2). Very good ratings below 1 point were given

relatively often for the outcomes of the mesiodistal

dimension, labial convexity, and position of the incisal

edge (items 1–3), while the outcomes for the anatomic

shape, color, and texture of the peri-implant mucosa

(items 6–9) obtained a lower score. Even though the

mean values of the ICA scores for the various param-

eters exhibited considerable agreement, when observer

agreement was applied, it was evident that the agree-

ments only varied between 53 and 81% (Table 3). The

largest agreements were 81 and 77% for ICA items 6

and 7. The assessments of ICA items 1 and 3 showed

less agreement at 53 and 58%, respectively.

Intraobserver Agreement/Cohen’s Kappa

In a classification of the examiners according to various

occupational groups, there was a high level of agree-

ment within the groups between the first and second

rating (Figure 5). It became evident that on the average,

the dental technicians had given a higher score (equiva-

lent to a poorer ICA rating) and the orthodontists had

awarded a lower score (equivalent to a better evalua-

tion) (Figure 6). All the examiners achieved moderate

agreement between the first and second ratings accord-

ing to Landis and Koch,18 whereby Cohen’s kappa was

0.49 (p < .001) (Tables 4–7). The most agreement was

obtained by surgeons (K = 0.62, substantial) and the

A B

Figure 3 A and B, Implant-supported single-tooth restoration. The mesiodistal dimension of the crown is slightly overcontoured,
and there is a slight mismatch in color and translucency of the crown, a gross mismatch in the position of the labial mucosal margin,
and a gross deviation in the position of mucosa in the proximal embrasures and the colour and surface of the labial mucosa. The
total score is 8, which indicates poor aesthetics.
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Figure 4 Average score per item in the first and second ratings.
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least by orthodontists (K = 0.24, sufficient). The ICA

Index produced a moderate Cohen’s kappa of 0.42

and an agreement amounting to 67% between the

two ratings within the occupational groups (Tables 8

and 9).

Interobserver Agreement/Cohen’s Kappa

A direct comparison among the occupational groups

demonstrated a minimum agreement (Cohen’s

K = 0.11–0.37, observer agreement: 40.2–66.3%). This

level of agreement can be interpreted as “minimal” to

“sufficient” according to Landis and Koch.18 The least

TABLE 2 Score Per Item in the First and Second
Ratings (Mean Value 1 SD)

Item First Rating Second Rating

1 0.93 1 1.41 0.87 1 1.30

2 0.73 1 1.08 0.66 1 1.05

3 0.88 1 1.36 0.69 1 1.12

4 1.47 1 1.89 1.14 1 1.63

5 1.08 1 1.63 1.14 1 1.63

6 1.43 1 1.90 1.41 1 1.42

7 1.11 1 1.74 1.11 1 1.74

8 1.25 1 1.76 1.24 1 1.71

9 1.52 1 1.87 1.47 1 1.75

TABLE 3 Observer Agreement between the First and Second Ratings in Relation to the Various Items of the
Implant Crown Aesthetic Index

Item n Observer Agreement (%)

Higher Figures in the

Second Rating (%)

Higher Figures in the

First Rating (%)

1 229 53 21 26

2 229 60 19 21

3 229 58 21 21

4 227 62 25 14

5 226 56 24 19

6 223 81 9 10

7 227 77 11 12

8 229 67 17 16

9 229 69 15 17

2,93

3,37

3,39

3,74

3,30

3,35

3,00

3,30

3,46

3,63

3,37

3,35

0 0,5 1 1,5 2 2,5 3 3,5 4

Orthodontists

Dentists

Prosthodontists

Dental  
Technicians 

Surgeons

All

Average Score

1st rating 2nd rating

Figure 5 Average score in the first and second ratings by occupational group (the vertical line is the mean value of all the
occupational groups).

206 Clinical Implant Dentistry and Related Research, Volume 11, Number 3, 2009



agreement was again between orthodontists and others

(Tables 10 and 11).

DISCUSSION

With increasing surgical reliability of implant dentistry

and documented high success rates,19–21 the standards

expected of implant-supported dental restorations are

rising. Especially on the part of patients, there is a

growing desire for an aesthetic solution3,22 equivalent to

the appearance of natural teeth. Current data concern-

ing the long-term results of dental implants demon-

strate that the success of the individual treatment is still

being measured by the survival of the implant or super-

structure.19,23 Although within the context of a rise in

aesthetic awareness and the resulting standards expected

by patients and dental professionals, there is still a lack of

comparative clinical studies on the long-term aesthetic

outcome of implant-supported restorations. Thirty

years ago, the California Dental Association introduced

1st rating
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20%

40%

60%

80%

100%

A

B

Poor Moderate Satisfactory Excellent

Poor Moderate Satisfactory Excellent

Excellent 2,2 6,5 8,7 4,3 8,7 6,1

Satisfactory 37,0 10,9 8,7 4,3 10,9 14,3

Moderate 26,1 21,7 17,4 4,3 21,7 18,3

Poor 34,8 60,9 65,2 87,0 58,7 61,3

Orthodontists Dentists Prosthodontists Dental technicians Surgeons All

2nd rating

0%

20%

40%

60%

80%

100%

Excellent 2,2 6,5 2,2 4,3 8,7 4,8

Satisfactory 30,4 15,2 15,2 4,3 13,0 15,7

Moderate 32,6 19,6 19,6 15,2 10,9 19,6

Poor 34,8 58,7 63,0 76,1 67,4 60,0

Orthodontists Dentists Prosthodontists Dental technicians Surgeons All

Figure 6 A and B, Implant Crown Aesthetic Index in various rater groups in the first and second ratings.
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an objective rating system for conventional crown and

bridge prostheses, although admittedly, it cannot be

applied to implant-supported dental restorations. First,

the main focus of this rating system only considers func-

tional aspects, although it also covers aesthetic compo-

nents such as color, translucency, contouring, and

harmonious integration of the dental restoration into

the environment. Second, it incorporates factors that are

of no relevance to implant-supported reconstructions,

for example, the development of secondary caries.24,25 In

the relevant guidelines concerning dental implants, only

functional parameters are used as assessment criteria.26

TABLE 4 Agreement between the First and Second Ratings
(Cohen’s Kappa)

K 95% CI p

Evaluation of

Agreement (75)

Orthodontists 0.24 0.15–0.31 p < .001 Sufficient

Dentists 0.54 0.47–0.60 p < .001 Moderate

Prosthodontists 0.46 0.39–0.53 p < .001 Moderate

Dental technicians 0.51 0.46–0.56 p < .001 Moderate

Surgeons 0.62 0.57–0.68 p < .001 Substantial

All raters 0.49 0.46–0.52 p < .001 Moderate

CI = confidence interval.

TABLE 5 Agreement between the First and Second Ratings
(Observer Agreement)

% 95% CI n Levels of Agreement (n)

Orthodontists 53.8 48.8–56.7 409 220

Dentists 69.1 64.4–73.4 414 286

Prosthodontists 62.7 57.8–67.4 405 254

Dental technicians 64.6 59.8–69.3 410 265

Surgeons 73.2 68.7–77.5 411 301

All raters 64.3 62.6–66.8 2,049 1,326

CI = confidence interval.

TABLE 6 Agreement between the Occupational Groups (Cohen’s Kappa)

K 95% CI p

Evaluation of

Agreement (75)

Orthodontists vs dentists 0.21 0.16–0.26 p < .001 Sufficient

Orthodontists vs prosthodontists 0.17 0.11–0.21 p < .001 Minimal

Orthodontists vs dental technicians 0.06 0.01–0.11 p = .002 Minimal

Orthodontists vs surgeons 0.17 0.12–0.24 p < .001 Minimal

Dentists vs prosthodontists 0.34 0.28–0.39 p < .001 Sufficient

Dentists vs dental technicians 0.33 0.28–0.38 p < .001 Sufficient

Dentists vs surgeons 0.46 0.41–0.50 p < .001 Moderate

Prosthodontists vs dental technicians 0.27 0.23–0.32 p < .001 Sufficient

Prosthodontists vs surgeons 0.35 0.29–0.39 p < .001 Sufficient

Dental technicians vs surgeons 0.28 0.22–0.33 p < .001 Sufficient

CI = confidence interval.
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One system of aesthetic assessment that is common in

dentistry are the so-called Ryge criteria, which were

developed by Ryge27 in 1973 and by McComb28 and

Pelka and colleagues29 in the form of the US Health

Service Criteria. Here, numerous aesthetic visual param-

eters are obtained by two independent examiners,

including anatomic shape and surface structure of the

reconstruction, color adaptation, and the course of the

soft-tissue transition zone. However, the Ryge criteria

were chiefly developed for the assessment of composite

TABLE 7 Agreement between the Occupational Groups (Observer
Agreement)

% 95% CI n

Levels of

Agreement (n)

Orthodontists vs dentists 48.7 45.3–52.2 823 401

Orthodontists vs prosthodontists 44.3 40.9–47.8 814 361

Orthodontists vs dental technicians 34.9 31.7–38.3 819 286

Orthodontists vs surgeons 45.0 41.6–48.5 820 369

Dentists vs prosthodontists 54.6 51.1–58.0 819 447

Dentists vs dental technicians 52.9 49.4–56.4 824 436

Dentists vs surgeons 62.5 59.1–65.9 825 516

Prosthodontists vs dental technicians 48.0 44.5–51.5 815 391

Prosthodontists vs surgeons 54.5 51.1–58.0 816 445

Dental technicians vs surgeons 48.6 45.1–52.1 821 399

CI = confidence interval.

TABLE 8 Implant Crown Aesthetic Index: Agreement between the First
and Second Ratings (Cohen’s Kappa)

K 95% CI p

Evaluation of

Agreement (75)

Orthodontists 0.07 0.00–0.26 p = .455 Minimal

Dentists 0.40 0.21–0.60 p < .001 Sufficient

Prosthodontists 0.27 0.11–0.44 p = .005 Sufficient

Dental technicians 0.54 0.23–0.78 p < .001 Moderate

Surgeons 0.77 0.62–0.93 p < .001 Substantial

All raters 0.42 0.33–0.53 p < .001 Moderate

CI = confidence interval.

TABLE 9 Implant Crown Aesthetic Index: Agreement between the First
and Second Ratings (Observer Agreement)

% 95% CI n Levels of Agreement (n)

Orthodontists 37.0 23.2–52.5 46 17

Dentists 65.2 49.8–78.7 46 30

Prosthodontists 60.9 45.4–74.9 46 28

Dental technicians 84.8 71.1–93.7 46 39

Surgeons 87.0 73.7–95.1 46 40

All raters 67.0 60.5–73.0 230 154

CI = confidence interval.
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restorations, so here too, many items do not apply to

implant-supported dental restorations.

Chang and colleagues1 interviewed orthodontists

and patients to evaluate the aesthetic outcome of

implant-supported single-tooth restorations using stan-

dardized questionnaires. Seven variables were obtained

from the patients and assessed according to visual ana-

logue scales. The results confirm a high level of patient

satisfaction with the outcome of treatment. It is evident

that with the exception of the issue of abutment visibil-

ity, the appearance achieved was rated as being good to

very good for all parameters. The picture was contradic-

tory in the assessment of these patient cases by prosth-

odontists who had received a dental questionnaire. It

became apparent that the prosthodontists questioned

gave the treatment outcome a much lower rating than

the patients. In addition, there was a much greater range

of variation within the assessments of individual crite-

ria, as is demonstrated by the high standard deviations.

Chang and colleagues interpreted this result to the effect

that the clinicians are either more critical or they apply

different standards when assessing aesthetic outcome

from those applied by the patients involved themselves.

In actual fact, a statistical analysis indicated that param-

eters such as crown shape, contact point position, color,

and topography of the surrounding soft tissue had a

significant influence on the rating of general satisfaction

with appearance, while it was not possible to detect any

TABLE 10 Implant Crown Aesthetic Index: Agreement between the
Occupational Groups (Cohen’s Kappa)

K 95% CI p

Evaluation of

Agreement (75)

Orthodontists vs dentists 0.24 0.08–0.38 p < .001 Sufficient

Orthodontists vs prosthodontists 0.15 0.04–0.25 p = .011 Minimal

Orthodontists vs dental technicians 0.11 0.02–0.22 p = .017 Minimal

Orthodontists vs surgeons 0.17 0.07–0.30 p = .005 Minimal

Dentists vs prosthodontists 0.26 0.13–0.41 p < .001 Sufficient

Dentists vs dental technicians 0.15 0.02–0.30 p = .021 Minimal

Dentists vs surgeons 0.37 0.24–0.50 p < .001 Sufficient

Prosthodontists vs dental technicians 0.25 0.12–0.38 p < .001 Sufficient

Prosthodontists vs surgeons 0.20 0.09–0.33 p = .003 Minimal

Dental technicians vs surgeons 0.20 0.05–0.34 p = .002 Minimal

CI = confidence interval.

TABLE 11 Implant Crown Aesthetic Index: Agreement between the
Occupational Groups (Observer Agreement)

% 95% CI n

Levels of

Agreement (n)

Orthodontists vs dentists 47.8 37.3–58.5 92 44

Orthodontists vs prosthodontists 42.4 32.2–53.1 92 39

Orthodontists vs dental technicians 40.2 30.1–51.0 92 37

Orthodontists vs surgeons 42.4 32.2–53.1 92 39

Dentists vs prosthodontists 58.7 48.0–68.9 92 54

Dentists vs dental technicians 58.7 48.0–68.9 92 54

Dentists vs surgeons 64.1 53.5–73.9 92 59

Prosthodontists vs dental technicians 66.3 55.7–75.8 92 61

Prosthodontists vs surgeons 56.5 45.8–66.8 92 52

Dental technicians vs surgeons 63.0 52.3–72.9 92 58

CI = confidence interval.
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similar connections within patient questioning.2 Com-

parable differences from aesthetic rating on the part of

patients and clinicians have also been described in other

studies.9,30 The majority shows that the soft tissue

between an implant-supported single-tooth reconstruc-

tion and the adjacent teeth has a substantial influence on

the aesthetic outcome. In 1999, Jemt31,32 introduced a

score to be able to assess the papillary volume and the

height of interproximal mucosa. However, this rating is

restricted to the criteria indicated and disregards the

peri-implant tissue and the appearance of the dental

restoration.

The range of subjective opinions on the part of the

observer when evaluating aesthetics is known. In this

connection, Engel and colleagues30 discussed the influ-

ence of the individual notion of aesthetics in relation to

the examiner’s degree of specialization and called for

standardization criteria for evaluating the aesthetics of

single-tooth restorations. The rating criteria they pro-

posed were axial inclination, the width of crowns at the

transition point, the vertical position of the transition

point, and the length of the crowns at the incisal edge.

Using 40 slides of single-tooth restorations, they mea-

sured the mentioned criteria at the implant crown and at

the natural reference tooth and endeavoured to create

threshold values with the aid of receiver operating char-

acteristic curves. The results indicated that with a devia-

tion of crown length by 0.7 mm and a 1.5-mm deviation

in vertical position at the transition point and a 3.5°

deviation in axial inclination, the aesthetic impression

when viewing an implant-restoration tooth for an upper

central incisor is impaired by comparison with its

natural counterpart.30

In 2005, two other rating scales in addition to the

ICA by Meijer and colleagues were presented for assess-

ing the aesthetics of implant-supported single-tooth res-

torations. These indices aim to allow objective appraisal

of the aesthetic short-term and long-term results of

various surgical and prosthetic implant records. Testori

and colleagues33 published a case study on a patient with

immediate implantation and immediate loading in the

incisor zone and in this context proposed an index for

evaluating the aesthetic outcome. The latter covers five

parameters concerning the presence and stability of the

mesiodistal papilla, buccopalatal alveolar ridge stability,

the structure and color of peri-implant soft tissue, and

gingival contour. There are up to 9 points, and that score

reflects a perfect outcome. A score of 4 to 8 points is an

acceptable result, while 0 to 3 points indicates a poor

aesthetic outcome.33 Fürhauser and colleagues34 pre-

sented a rating matrix for evaluating soft tissue around

single-implant restorations. This Pink Esthetic Score

(PES) covers seven criteria. However, the assessment of

the implant crown, to replace a missing tooth, is not

taken into consideration. With the exception of papilla

formation the evaluation is performed by visually com-

paring reference teeth, that is, with the contralateral

tooth in the incisor zone and adjacent tooth in the pre-

molar zone. For the mesial and distal papilla, the catego-

ries are complete, incomplete, and absent. For each

criterion, it is possible to award a score between 2 points

for a very good outcome and no points for a poor

outcome. The maximum score which can be achieved,

14 points, indicates an outcome that reflects complete

conformity between the soft tissue of the tooth being

assessed and that of the reference tooth. The PES is thus

designed to allow reproducible evaluation of soft tissue

around single-tooth implants.34 The ICA Index from

Meijer and colleagues appears to be of particular interest

for assessing implant-supported single-tooth restora-

tions, because it takes into account not only the ana-

tomic shape, color, and surface of the crown but also the

peri-implant mucosa. In the relevant literature, these

parameters are regarded by the majority as differentiat-

ing between a successful aesthetic outcome and an

unsuccessful one.8,11–15

The reliability of the ICA was reviewed by Meijer

and colleagues17 within the context of a pilot study and

by Meijndert and colleagues9 in a prospective, random-

ized clinical study concerning the influence of various

methods of bone augmentation on aesthetic implant

outcome. According to the results of those studies, the

ICA Index is regarded by the authors as an objective

measuring tool for evaluating the aesthetics of implant-

supported single crowns and the surrounding soft

tissue. Within the context of the present study, it was

deemed an attractive proposition to include a relatively

large number of examiners from other dental occupa-

tional groups. Another aim was to analyze the reproduc-

ibility of the ICA comprehensively. The extension of

raters to include dentists, orthodontists, and dental tech-

nicians appeared to be expedient because in modern

implant dentistry, multidisciplinary teamwork is neces-

sary in order to ensure an optimum outcome,22 and

there was the general issue as to whether the examiner’s

level of specialization had an influence when evaluating
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the aesthetics of implant-supported restorations. Even

though the mean values of the ICA scores for the various

parameters exhibited considerable agreement in the

present study, when observer agreement was applied, it

was evident that the agreements only varied between 53

and 81%. All examiners achieved only moderate agree-

ment between the first and second ratings and a

minimum interobserver agreement. Considerable dis-

crepancies among the various occupational groups

could be demonstrated. There was no congruence

between the results of the studies conducted by Meijer

and colleagues17 and Meijndert and colleagues9 and our

own results.

Meijer and colleagues17 gave the reason for the dis-

crepancy they established between the assessment of

oral surgeons and prosthodontists with the aid of the

ICA Index by stating that prosthodontists are con-

fronted with prosthetic restorations and the evaluation

of treatment outcome on a daily basis, so their appraisals

tend to be more consistent. This hypothesis cannot be

corroborated by our own results. The discrepancies

found between the various occupational groups are

probably not only dependent on the examiner’s degree

of specialization but also on individual viewpoints. This

is backed up by the fact that in the present study, the

assessments by orthodontists where K = 0.24 showed

least agreement, whereby especially in that occupational

group, the constant tackling of aesthetic problems

should be a matter of routine because they deal with

position anomalies in the anterior zone. Fürhauser and

colleagues34 demonstrated that orthodontists in particu-

lar were highly critical when assessing implant aes-

thetics, which indicates nothing with regard to the

reproducibility of results within that occupational

group.

In connection with the results obtained by Meijer

and colleagues,17 our findings provide no indications

of any occupational group-specific rating of aesthetic

outcome in the case of implant-supported single

crowns. In particular, the authors’ call for assessment by

prosthodontists, because they are allegedly most reliable,

cannot be supported. Clarity on this issue could be pro-

vided by further studies encompassing larger numbers

of examiners from every dental occupational group,

which would appear desirable on account of the contra-

dictions found in relation to the studies by Meijer and

colleagues17 and Meijndert and colleagues.9 Irrespective

of the reproducibility and occupational group-specific

discrepancies, there is still the issue of whether the ICA

Index is objectively capable of differentiating between

successful and unsuccessful restorations. Even a contra-

diction with regard to objective assessment, inclusion of

patient satisfaction may be useful in order to provide

better comparability of treatment outcomes.9 Using the

ICA does not allow sufficiently objective assessment of

implant-supported single-tooth restorations. Deficien-

cies arise particularly with regard to the validity and

reproducibility of results.

CONCLUSIONS

In the present study, the use of the ICA Index for evalu-

ating the aesthetics of implant-supported single-tooth

restorations and peri-implant mucosa resulted in poor

to moderate intra- and interexaminer agreement.

The validity and reproducibility of ICA indexing

as an objective tool in rating implant aesthetics is

questionable.
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