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ABSTRACT 
 

The peri-implant tissues from an esthetic perspective 

Moontaek Chang 
Department of Periodontology, Institute of Odontology, The Sahlgrenska Academy at 

University of Gothenburg, Box 450, SE 405 30 Göteborg, Sweden 

The overall objective of the thesis was to evaluate the dimensions and position of peri-implant 
soft tissues in relation to the topography and alterations of the bone support, and the tissues’ 
significance for an esthetic appreciation of implant therapy. 

A comparative evaluation of crown and soft tissue dimensions between implant-supported 
single-tooth replacements and the contra-lateral natural tooth was made in Study I. In Study II, 
patients´ and dentists´ judgment of the esthetic outcome of implant-supported single-tooth 
replacements was assessed and compared by means of a questionnaire in which various 
esthetic-related variables were addressed. Longitudinal changes in tooth/implant relationship 
and bone topography adjacent to single implants with a micro-threaded, conical marginal part 
were evaluated in Study III. In Study IV, bone alterations around implants with a conical 
implant-abutment interface were evaluated longitudinally in relation to implant-tooth and 
inter-implant distances. Furthermore, peri-implant soft and hard tissue alterations from the 
time of implant placement were longitudinally evaluated in a 3-year prospective study 
involving patients receiving implant-supported fixed partial dentures (Study V). 

Despite differences in clinical crown height and soft tissue topography between the implant-
supported single-tooth replacement and the contra-lateral natural tooth (Study I), patients’ 
satisfaction with the appearance of their single implant-supported crown restoration was high, 
whereas prosthodontists rated the esthetic outcome significantly lower (Study II). Soft tissues 
topography and crown form influenced the dentists´ overall satisfaction with the esthetic 
appearance, while no specific factors could be identified with regard to the patients’ 
satisfaction. Hence, factors considered by professionals to be of significance for the esthetic 
result of restorative treatment may not be of decisive importance for the patient. The marginal 
bone level at the teeth adjacent to single implants with a micro-threaded conical marginal part 
was not influenced by the horizontal or vertical tooth-implant distance (Study III). Observed 
continuous eruption of the adjacent teeth with infra-occlusal positioning of the implant 
restoration might cause esthetic dissatisfaction. Loss in the bone crest height in the inter-
implant areas was influenced by bone loss at bordering implants and horizontal inter-unit 
distance, but no such relationship was proven for the proximal area between the implant and 
the tooth (Study IV). Soft and hard tissue changes around implant-supported fixed partial 
dentures took place primarily during the first 6 months after the one-stage implant installation 
surgery (Study V). Significant explanatory factors for the loss in proximal bone crest height at 
3 years were horizontal inter-unit distance and peri-implant bone level change. The presence 
of a tooth next to the implant had a positive influence on the topography of the inter-unit soft 
tissues and the maintenance of the proximal bone crest level. 

Keywords: clinical, dental implants, esthetics, single-tooth replacements, soft tissues, infra-
occlusion, bone alterations 
ISBN: 978-91-628-7837-5
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INTRODUCTION 

The position of the facial soft tissue margin and the degree of soft tissue fill in the 

embrasure spaces lateral to implant-supported crowns are factors of concern in relation 

to the esthetic appreciation of implant-supported prostheses. Independent of implant 

geometry and insertion technique (1- or 2-stage procedure), experimental as well as 

clinical studies showed that a soft tissue seal of about 3-4 mm in height was 

established around the transmucosal part of the implant unit  (Abrahamsson et al. 1996, 

Berglundh & Lindhe 1996, Cochran et al. 1997, Hermann et al. 2000, 2001, Kan et al. 

2003b, Tarnow et al. 2003, Lee et al. 2006). Hence, the soft tissue topography at 

implant-supported restorations is likely to be a reflection of the peri-implant bone 

topography, and preservation of an optimal peri-implant bone height would be crucial 

for successful esthetic outcome. However, in this respect differences may exist 

between single-tooth replacements and multiple-implant restorations. 

The current thesis evaluated dimensions and position of the peri-implant soft tissues 

in relation to topography and alterations of the bone support, and the tissues’ 

significance for the esthetic appreciation of implant therapy. 

Esthetic considerations on implant therapy 

The restoration of missing teeth should be designed not only to withstand the forces 

of occlusion and mastication, but also to produce an acceptable esthetic result 

(Qualtrough & Burke 1994). In a visible anterior region, priority is often given to 

esthetics, whereas function may be emphasized as the most important factor in a 

posterior region or a fully edentulous jaw. However, the demands for esthetics and 

function must be balanced with regard to predictable longevity, minimal biologic 

consequence, and cost-benefit aspects (Priest 1996).  

Patient’s esthetic satisfaction with the implant-supported prosthesis is regarded as one 

of several success criteria in implant therapy (Zarb & Albrektsson 1998). 

Interestingly, among totally edentulous patients treated with implant-supported 

prostheses, appearance was the most common cause of dissatisfaction (Blomberg 

1985), and esthetic related variables were shown to be strongly associated with the 

patients’ overall satisfaction of implant-supported restorations in the maxillary front 

region (Levi et al. 2003).   
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Esthetic factors 

In dental literature and textbooks on implant dentistry, color and surface texture of the 

crown, emergence profile, soft tissue contour, papilla fill and metal visibility are 

emphasized as significant factors from an esthetic point of view. Furthermore, the 

implant-supported crown should be harmonious with the neighboring teeth and the 

contralateral tooth (Belser et al. 1998, Phillips & Kois 1998, Furhauser et al. 2005, 

Meijer et al. 2005, Cooper 2008). Other related factors include the position of the lip 

and smile lines and their relation to tooth visibility (Tjan et al. 1984, Qualtrough & 

Burke 1994). The lip and smile lines play an important role in deciding upon the 

location of crown margins, pontic contour, the necessity for ridge augmentation, and 

the type of implant abutment (Wise 1995).  

Despite several advantages with implant-borne restorations over other prosthetic 

alternatives for replacing missing teeth, particularly single-tooth replacements have 

been regarded as a difficult technique from an esthetic point of view. Neighboring 

natural teeth give an immediate comparison to an artificially restored single crown, 

and hence it demands a higher esthetic quality than in situations with multiple 

artificial crowns (Meijering et al. 1997b). In cases of a high smile line, the esthetic 

challenge is even greater since not only the crown but also the surrounding soft 

tissues are exposed (Watson & Crispin 1981, Tjan et al. 1984). In the literature a 

number of factors have been associated with esthetic complications in implant-

supported single-tooth replacements: poor shade of crown restorations (Jemt et al. 

1991), over-contouring of crowns and ridge-lap form of facings (Engquist et al. 1995, 

Moberg et al. 1999), facial mucosal retraction resulting in disharmony in anatomical 

crown form compared to the contralateral tooth (Jemt et al. 1990, McMillan et al. 

1998, Moberg et al. 1999), visible titanium components (Jemt et al. 1991, Ekfeldt et 

al. 1994, Dueled et al. 2009), mucosal discoloration (Dueled et al. 2009) and deficient 

papillae (Choquet et al. 2001, Ryser et al. 2005). 

Assessments of esthetics 

In research related to the esthetic outcome of prosthetic treatment, usually patients 

and/or dentists involved in the treatment are performing the evaluations. However, to 

avoid bias due to interpersonal reactions, it was suggested that laypersons and/or 

dentists who are not involved in the treatment should evaluate the esthetic outcome 

(Streiner & Norman 1995). 



 10 

Patients and dentists differed in their assessments of the esthetic outcome of prosthetic 

treatments (Kalk et al. 1991, Wood et al. 1996, Ekfeldt et al. 1997, Albashaireh et al. 

2009). Different perceptions of dental attractiveness between the two groups may be a 

reason for the difference (Brisman 1980, McCord et al. 1994, Carlsson et al. 1998). In 

fact, dentists as professionals appeared to be more critical to the esthetic outcome than 

patients (Wood et al. 1996) and laypersons (Meijering et al. 1997b, Kokich et al. 1999).   

Esthetic satisfaction is so multidimensional and complex that any single indicator or 

standardized measure cannot capture it. Consequently, a low discriminatory power of 

most measures is a common problem in the measurement of satisfaction with the 

esthetic outcome (Hakestam et al. 1997). 

Various scaling methods have been used to measure the esthetic outcome of prosthetic 

treatment. Some studies adopted a categorical judgment because of its simplicity; 

either a “yes-no” response or a simple check (Goldstein & Lancaster 1984, Hawkins 

et al. 1991, Meijering et al. 1997a). The California Dental Association (CDA) system, 

frequently used for quality evaluation of dental restorations and dental care, is based 

on categorical responses, i.e., satisfactory or not acceptable, to three characteristics of 

restoration: surface/color, anatomic form, and marginal integrity (Glantz et al. 1993, 

Hakestam et al. 1997, Ödman et al. 1998). However, loss of efficiency was one of the 

major problems in the categorical judgment. Its calculated outcome is at best 67% as 

efficient as a continuous one, but depending on how the measure is dichotomized, it 

may drop to under 10 % (Suissa 1991). For this reason, continuous judgments have 

been commonly applied for the measurement of esthetic satisfaction: adjectival scales 

(Marunick et al. 1983, Neumann et al. 1989, Wood et al. 1996) and specific scaling 

methods like a Likert scale (Conny et al. 1985, Vallittu et al. 1996) or a semantic 

differential scale (Watson et al. 1997).  

Another continuous judgment is the Visual Analogue Scale (VAS). It is the essence of 

simplicity: a line of fixed length, usually 10 cm, with anchors like “not at all satisfied” 

and “completely satisfied” at the extreme ends, and no words describing intermediate 

positions. It has been used extensively in medicine to assess e.g. pain, mood, and 

functional capacity (Huskisson 1974). However, the inconsistency of the scale was 

pointed out as a problem, and to increase the reliability multiple VAS scorings 

assessing related aspects of the attribute of interest were recommended instead of the 

use of a single VAS (Streiner & Norman 1995). 
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In dental research fields, the VAS has been used most commonly to measure pain 

during/following dental treatment (Matthews & McCulloch 1993, Chung et al. 2003), 

but it has also been used to measure, e.g. dentin hypersensitivity (Tammaro et al. 

1997), denture security (Lamb & Ellis 1996), patient evaluation of complete dentures 

(Lamoureux et al. 1999), patient responses to dental implant therapy (Cibirka et al. 

1997), and patient satisfaction with implant-supported overdentures (Smedberg et al. 

1993, de Grandmont et al. 1994). Furthermore, the VAS was applied to the assessment 

of dental/facial attractiveness (Howells & Shaw 1985), defects in dental appearance 

(Lamb et al. 1998), and perception of patient’s smile (Jornung & Fardal 2007). A 

good reliability of the VAS was shown when the first ratings of photographs were 

compared with those following an interval of 5 weeks (Howells & Shaw 1985). In a 

consensus statement the VAS was recommended as a subjective measure of the 

esthetic outcome of implant-supported restorations (Belser et al. 2004b).   

Other means to assess the esthetic outcome of single implant-supported restorations 

are various indices such as implant aesthetic crown index (ICA), pink esthetic score 

(PES), subjective esthetic score (SES), and comprehensive index comprising pink and 

white esthetic score (PES/WES) were developed (Meijer et al. 2005, Furhauser et al. 

2005, Evans & Chen 2007, Belser et al. 2009). However, the reproducibility of the 

indices varied markedly among examiner groups (Gehrke et al. 2008 a & b).  

Esthetic outcome of implant-supported restorations  

Single implant-supported restorations 

Esthetic outcome of single implant-supported crown restorations, using a dichotomy 

judgment (good or bad), revealed that dentists (Haas et al. 1995, Henry et al. 1996, 

Andersson et al. 1998, Ericsson et al. 2000, Gibbard & Zarb 2002, Zarone et al. 2006) 

as well as patients (Andersson et al. 1998, Moberg et al. 1999) judged most of the 

crown restorations as esthetically good. Also, in response to an adjectival scale, 

patients rated their satisfaction with the appearance of implant-supported single-tooth 

replacements as very high (Ekfeldt et al. 1994, Avivi-Arber & Zarb 1996, Gibbard & 

Zarb 2002, Vermylen et al. 2003). With the use of indices such as PES, ICA and SES, 

the esthetic outcome of single implant-supported restorations was judged as having a 

high standard of esthetic quality (Chen et al. 2007, Meijndert et al. 2007, Noelken et 

al. 2007, Lai et al. 2008, Belser et al. 2009, Buser et al. 2009). 
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Studies reporting on the esthetic appearance of single implant-supported restorations 

evaluated with the use of VAS, either by dental professionals or by the patient 

himself/herself, are summarized in Table 1. The dentists as well as the patients 

generally expressed a high degree of esthetic satisfaction, however, VAS scores of the 

patients were commonly higher than those of the dentists. 

 
Table 1.  Overview of studies reporting esthetic outcome of single implant-supported 

restorations assessed by Visual Analogue Scale (VAS).  
 
Authors  Subjects Examiner & VAS scores 
Wannfors & 
Smedberg 
1999 

69 patients; 80 Branemark 
implants in the maxillary 
esthetic region     

Patients group (mean at baseline/3 years): 
Gold veneered with acrylic      85%/71% 
Gold veneered with porcelain  91%/94% 
Gold ceramic crown                91%/88% 
All-ceramic crown                   93%/92% 
Total                                         88%/85% 
 

Kan et al. 
2003a 
 
  

35 patients; 35 Replace 
implants in the maxillary 
anterior region. 
 
Immediate implant placement 
and provisionalization. 
 

Patients (mean): 99% 
 
  

Gotfredsen 
2004 

20 patients; 20 Astra Tech ® 

implants in the maxillary 
esthetic region. 
 
Implant placement:  
  Early (Group A),  
  Delayed (Group B). 

Patients (mean/range) 
  Group A   98%/91-100% 
  Group B   88%/51-100% 
Dentists (mean/range) 
  Group A   59%/29-95% 
  Group B   84%/61-97% 
 

Pjetursson et 
al. 2004 
  

104 patients; 214 ITI Hollow 
screw implants. 
 
Prostheses types: 
  FPDs 52.5%, 
  Single crowns 47.5%. 
 

Patients (mean ± SD):      97% ± 13 
Patients (median/range): 98%/3-100% 
                  
 

Cordaro et 
al. 2006 

31 patients; 44 narrow neck 
ITI implants  
in the mandibular incisors. 
 
Prostheses types: 
  Single tooth (ST),  
  2 adjacent implants (AI), 
  3 or 4-unit FPD (MU) 

Patients (mean ± SD) 
        ST    96% ± 4 
        AI    82% ± 10 
        MU  92% ± 6 
Dentists (mean ± SD) 
        ST    85% ± 11 
        AI    44% ± 8 
       MU   82% ± 8 
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Authors  Subjects  Examiner & VAS scores 

Meijndert et 
al. 2007 

93 patients; 30 ITI-Estheticplus 

implants in the maxillary 
anterior zone. 
 
Bone augmentation & 
Porcelain crown (Procera) 
 

Patients (mean/range): 85%/60-100% 
 
 
 

De Rouck et 
al. 2008 

30 patients; 30 Nobel replace 
tapered TiUnite®  
implants in the maxillary 
esthetic region. 
 
Immediate implant placement 
& provisionalization 
 

Patients (mean/range): 93%/82-100% 
                   

Schropp & 
Isidor 2008 
  

34 patients; 34 3i innovation 
implants in the maxillary 
esthetic region. 
 
Implant placement: 
  Immediate (I),  
  Delayed (D). 

Patients (Median, 25th/75th ) 
General satisfaction  
    I  :   96%, 84/100 
    D :   93%, 79/99 
Shape   
    I :   96%, 79/100 
    D:   93%, 85/100 
Color   
    I ;   95%, 80/100 
    D:   94%, 87/100 
 

Belser et al. 
2009 

45 patients; 45 single ITI 
implants in the maxillary 
anterior region. 
 
Early implant placement. 

Patients (range): 75-100% 
                
 
  
 
 

 

 

In a recent systematic review (Jung et al. 2008) the cumulative rate of implant-

supported single crowns having an unacceptable or semi-optimal esthetic appearance 

was reported to be 8.7%.  

Implant-supported FPDs 

A great majority of patients were very satisfied with the appearance of their FPDs 

supported by implants evaluated with a 6-grade scale (de Bruyn et al. 1997). 

However, during the 3-year follow-up period, the esthetic quality of resin-bonded 

crowns of implant-supported FPDs worsened, while ceramo-metal reconstructions did 

not change (de Bruyn et al. 2000). In comparison to a control group with 

periodontally intact dentitions, patients with a history of periodontal disease expressed 
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a similar level of satisfaction regarding the esthetics of their implant-supported FPDs 

(Yi et al. 2001). Patients who had had implant-supported FPDs for 20 years were 

commonly satisfied with the appearance of the FPDs (Lekholm et al. 2006), although 

40% of the patients considered the esthetics of their FPDs as only acceptable in 

response to 3 alternatives: good, acceptable, or non-acceptable. In contrast, the vast 

majority of patients with implant-supported single crowns were highly satisfied with 

the esthetic outcome of the prostheses 5-15 years after the treatment, either in 

response to the categorical questions or VAS (Pjetursson et al. 2004). Taken together 

these observations indicate that satisfying esthetic appearance may be more difficult 

to maintain at multi-implant than at single-implant restorations. However, factors that 

are of significance for the esthetic outcome of multi-implant prostheses have been 

poorly addressed in the literature. 

The peri-implant soft tissues and esthetics 

Surgical techniques and prosthetic components in implant dentistry are continuously 

under development. Ceramics used for the crown have evolved to a level simulating 

natural teeth in all their physical and optical properties (Anusavice 1996, Conrad et al. 

2007), and therefore crown form and soft-tissue profiles have become issues in focus 

with regard to the esthetic outcome of implant therapy (Spitzer et al. 1992, Boudrias 

1993, Reikie 1993 & 1995, Garber 1995, Phillips & Kois 1998, Buser et al. 2004, 

Furhauser et al. 2005).  

There are two components of peri-implant soft tissues to consider in relation to 

esthetics; (i) the position of the soft tissue margin at the facial aspect of the crown 

since it will dictate clinical crown length and cervical form of the implant-supported 

crown, and (ii) the degree of papilla fill in the embrasure spaces lateral to the implant-

supported crown (Phillips & Kois 1998, Belser et al. 2004a).   
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Soft tissue dimensions at implant-supported restorations 

The level of connective tissue attachment to the root and the height of the alveolar 

bone support define the position of the soft tissue margin around a natural tooth 

(Gargiulo et al. 1961, Wennström 1996). Based on data from a 2-year prospective 

study of implant-supported reconstructions in totally and partially edentulous patients, 

it was suggested that similar relationships may exist for the peri-implant soft tissues, 

i.e., that the soft tissue thickness and the level of bone support determine the height of 

the supracrestal soft tissue portion (Bengazi et al. 1996). Table 2 gives an overview of 

clinical studies that have assessed the soft tissue height at implant-supported 

restorations. The height of the soft tissues established around the transmucosal part of 

the implant unit ranged between 2.9 - 4.5 mm in the referred studies. Furthermore, 

patients with a thick periodontal biotype (phenotype) showed greater peri-implant 

mucosal dimensions than patients with a thin biotype (Kan et al. 2003b, Romeo et al. 

2008).  

The width of keratinized mucosa at the facial site of implants was claimed to 

positively influence the papilla height in the inter-implant region (Lee et al. 2005). In 

addition, mucosal recession at the implant was reported to be greater when the width 

of the keratinized mucosa was narrow (Bouri et al. 2008, Zigdon  & Machtei 2008, 

Kim et al. 2009).  

The interproximal soft tissue completely fills the embrasure space created by two 

approximating teeth, or by the tooth and the implant, or by two contiguous implants in 

the ideal esthetic situation (Takei et al. 1989, Phillips & Kois 1998, Buser et al. 2004b, 

Furhauser et al. 2005). A loss of the interproximal papilla causes an esthetic problem, 

so-called “black hole disease”, particularly for the restoration of a missing anterior 

tooth in the maxillary jaw.  

The distance between the apical border of the contact area between the crowns and the 

proximal bone crest influences the papilla fill (Table 3a). Complete papilla fill was 

always found when the distance between the contact point and the bone crest was ≤5 

mm (Tarnow et al. 1992). Further, with increased horizontal distance between the two 

teeth the prevalence of complete papilla fill decreased. Hence, for predictable soft 

tissue esthetics, square-shaped crown with broad and flat proximal surfaces and  
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Table 2.  Overview of clinical studies on the soft tissue height at implant-supported 
restorations. 

 
Authors Subjects Implant 

position 
Methods Soft tissue heighta  

(mean ± SD mm) 
Grunder et 
al. 2000 

10 patients; 10 
Branemark single 
implantsb  

Maxillary 
anterior 
region 

Bone 
sounding 

Crown insertion:  3.9 ± 0.7      
1-year:                  4.2 ± 0.7 

Choquet et 
al. 2001 

26 patients; 27 
Branemark single 
implants   

Maxillary 
region 

Radiographic 
assessment   

Conventional c:    3.8 ± 1.0              
Modified d:           4.0 ± 1.1 

Kan et al. 
2003b 

45 patients; 45 
single implants  
  

Maxillary 
anterior 
region 

Bone 
sounding 

Mesial sites:         4.2 ± 0.8 
Distal sites:          4.2 ± 0.6  
Facial sites:          3.6 ± 0.9 

Glauser et 
al. 2005 

5 patients; 12 
mini-implants  
 

Posterior 
region 
 

Histologic 
assessment 

Implant surfaces 
   Machined:         4.1 ± 1.3 
   Acid-etched:     4.5 ± 0.5 
   Oxidized:          4.0 ± 0.8 

Tarnow et 
al. 2003 

33 patients; 136 
inter-implant 
papillae at FPDs 
supported by   
Branemark 
implants 

All 
regions 

Bone 
sounding 

                             3.4 ± 1.1     

Lee et al. 
2005 

52 patients; 72 
inter-implant 
papillae at FPDs 
supported by 
various types of 
implants 

Posterior 
region 

Radiographic 
assessment 

                             3.3 ± 0.5 

Lee et al. 
2006 

50 patients; 85 
inter-implant 
papillae at FPDs 
supported by 
Branemark or 
Astra implants 

Posterior 
region 

Radiographic 
assessment 

Inter-implant distance < 3  
 Astra Tech:          3.2 ± 0.4   
 Branemark:          2.9 ± 0.6  
 
Inter-implant distance ≥ 3      
  Astra Tech:        3.0 ± 0.5  
  Branemark:        3.2 ± 0.3 

DeAngelo 
et al. 2007 

21 patients; 21 
single implants 
(Astra Tech & 
Zimmer Dental) 

All 
regions 

Bone 
sounding 

Mesial sites:         3.1 ± 0.9 
Distal sites:          3.2 ± 0.9 

a: Measured at proximal sites except Glauser et al. (2005) that assessed the soft tissue height at the 
buccal & lingual sites of implant. 

b: GBR and connective tissue grafting procedure were used. 
c: Implants were uncovered with a standard technique. 
d: Implants were uncovered with a technique designed to generate papilla-like formation around 

dental implants. 
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contact points positioned as gingival as possible were favored by restorative dentists 

(Phillips & Kois 1998, Mitrani et al. 2005). 

The height of the papillae between a single implant restoration and adjacent teeth is 

claimed to be related to the bone level, or rather the connective attachment level, at the 

tooth surfaces facing the implant (Kan et al. 2003b, Palmer et al. 2007). Furthermore, 

the distance from the bone crest to the apical border of contact point between the 

single implant-supported crown and the adjacent tooth influences the probability of 

complete papilla fill (Table 3b). Hence, preservation of the support level at the tooth 

surface adjacent to the single implant is a key factor for the appearance of the papilla at 

the single implant-supported restoration. 

Table 3.    Overview of studies investigating the influence of inter-tooth/implant-tooth/inter-
implant distance on the presence of papilla  

 
a. Inter-tooth units 

Authors   Subjects Method Findings 
Tarnow et 
al. 1992 

30 periodontal 
patients; 288 
interdental sites  

Sounding at 
periodontal 
surgery 

Papilla was present almost 100% when 
CPB was ≤5 mm.   
 

Cho et al. 
2006 

80 periodontal 
patients; 206 
papilla  
  

Direct 
measurement 
after flap 
elevation 

The number of papilla that filled the 
interproximal space decreased with 
increasing CPB and HITD.  

Chang 
2007 

330 subjects 
with healthy 
gingiva; 330 
papilla between 
maxillary 
central incisors  

Radiographic 
assessment 

Central papilla recession as a result of 
aging is most frequently associated 
with a wide HITD and long proximal 
CEJ to bone crest distance. 

Martegani 
et al. 2007 

58 patients;  178 
interdental 
embrasures in 
the maxillary 
anterior teeth  

Radiographic 
assessment 

An increase in CPB corresponded to a 
marked increase of the interdental 
black triangle when HITD was < 2.4 
mm.  

Chang 
2008 

310 subjects 
with healthy 
gingiva; 310 
papilla between 
maxillary 
central incisors  

Radiographic 
assessment 

When confounding factors were 
controlled using multifactorial logistic 
regression, the distance from the bone 
crest to the proximal CEJ was the 
strongest determinant of papilla 
presence. 

CEJ: Cemento-enamel junction 
CPB: Distance from the base of the contact point to the proximal bone crest   
HITD: Horizontal inter-tooth distance 



 18 

 b. Implant-tooth units  

Authors Subjects Implant treatment  Findings 
Choquet et 
al. 2001 

26 patients;  27 
Branemark 
implants in the 
maxillary anterior 
region 

Conventional 
surgical technique or 
modified surgical 
technique for 
generating papilla. 

Papilla was present 100% 
when CPBt was ≤ 5 mm.   
  
  

Cooper et al. 
2001 

47 patients; 53 
Astra Tech 
implants in the 
maxillary anterior 
region 

Loading 3 weeks 
after 1-stage surgery 

No relationship between HITD 
and degree of papilla fill 

Gastaldo et 
al. 2004 

48 patients; 80 
tooth-implant 
units 
 
  

Not reported Papilla was present 100% 
when the distance between 
CPB was 3-4 mm. 
Papilla was absent 100% when 
HITD was 2–2.5 mm.   
There is an interaction 
between HITD and VITD 
when the lateral spacing is > 3 
mm. 

Henriksson 
& Jemt 2004 

18 patients; 18 
Branemark 
implants in the 
maxillary central 
incisors  

9 PFM crowns on 
CeraOne abutments 
with bone graft  & 
9 all ceramic crowns 
on Procera abutments  

No relationship was observed 
between degree of papilla fill 
and CPBt. 

Ryser et al. 
2005 

41 patients; 25 
Steri-oss and 16 
Splines implants 
in the maxillary 
anterior region  
 
 
 

Group 1: 2-stage 
surgery  
  
Group 2: immediate 
provisionalization 
protocol  

CPBt was most critical to 
papilla maintenance.  
There were no significant 
relationships between HITD 
and papilla maintenance.  
There was no difference 
between Group 1 or 2 and 
degree of papilla fill. 

Palmer et al. 
2007 

46 patients; 46 
Astra Tech 
implants in the 
maxillary anterior 
region  

Not reported The presence or deficiency of 
papilla was significantly 
related to CPBt and CPBi. 
No relation between papilla 
presence and HITD. 

Degidi et al. 
2008a 

45 patients; 52 
Xive implants in 
the anterior region  

Immediately restored 
after implant 
placement in post-
extraction socket 
(71%) and healed 
sites (29%). 

CPB should be ≤7 mm for the 
presence of papilla.  
No relation between papilla 
presence and bone loss at 
crestal bone peak and implant. 
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Authors Subjects Treatment protocol Findings 
Kawai & 
Almeida 
2008 

40 cleft lip and 
palate patients; 77 
papilla adjacent to 
single implants in 
the maxillary 
anterior region  

Implant placement 
after bone grafting in 
the cleft areas 

Correlations between degree 
of papilla fill and CPB as well 
as HITD.  
The CPB and HITD may have 
independent or combined 
relationship with the existence 
of papilla. 

Romeo et al. 
2008 

48 patients; 48 
ITI implants, 24 
anterior and 24 
premolars 
position  
  

Immediate implant 
placement after teeth 
extraction  
 
  
 

Papilla was present at a HITD 
of 2.5 to 4 mm in anterior and 
posterior areas and for CPB ≤7 
mm in posterior areas.  

Thick biotype was 
significantly associated with 
the presence of the papilla. 

Lops et al. 
2008 

46 patients; 46 
AstraTech 
implants 

Immediate implant 
placement after teeth 
extraction.     

Papilla was present at a HITD 
of 3-4 mm and at CPB of 3-5 
mm.  

CPB: Distance from the base of the contact point to the bone crest 
CPBt: Distance from the base of the contact point to the tooth bone level   
CPBi: Distance from the base of the contact point to the implant bone level 
HITD: Horizontal implant-tooth distance 
VITD: Vertical implant-tooth distance 

 
 
 
c. Inter-implant units  
 

Authors Subjects Implant treatment  Findings 
Gastaldo et 
al. 2004 

48 patients; 96 
inter-implant units 
  

Not reported Papilla was present 100% 
when CPB was 3 mm. 
Papilla was absent 100% 
when HID was ≤ 2.5 mm. 
There was an interaction 
between CPB and HID when 
the lateral spacing was ≥ 3 
mm. 

Degidi et 
al. 2008b 

49 patients; 99 
inter-implant units 
of 152 Xive   
implants in the 
anterior region  

Immediately restored 
after implant 
placement in post 
extraction socket. 

To guarantee a better esthetic 
result of papilla; 
CPB should be 3 to 4 mm, 
and never > 6mm, and 
HID should be >2 and <4mm. 

CPB: Distance from the base of the contact point to the bone crest 
HID: Horizontal inter-implant distance 
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Whereas at the proximal sites of single implant restorations the level of the connective 

tissue attachment to the adjacent tooth surface may favor a more coronal position of 

the soft tissue margin (Kan et al. 2003b, Palmer et al. 2007), at multiple implant-

supported restorations (Table 3c) the topography of peri-implant soft tissues is a 

reflection of the underlying bone crest and the establishment of a defined and required 

“biological width” of the supracrestal soft tissue barrier (Berglundh & Lindhe 1996, 

Cochran et al. 1997). Hence, complete papilla fill may only be established when the 

distance between the contact point and the bone crest is a maximum of 3-4 mm. 

Further, loss in height of the proximal bone crest may negatively affect the patient’s 

esthetic appreciation of the implant therapy, because concomitant with the alterations 

of the bone crest soft tissue recession may take place (Bengazi et al. 1996). 

Peri-implant soft tissue conditions  

As a compromise between esthetic and biologic principles, the rule “as shallow as 

possible, as deep as necessary” was recommended for the optimal apical-coronal 

positioning of the implant (Belser et al. 2004a). Position and axial angulation of the 

implant are also related to the esthetic result (Boudrias 1993), and if the implant is 

placed too lingually, the crown has to be overcontoured or ridge-lapped for esthetic 

reasons (Ekfeldt et al. 1994, Engquist et al. 1995), which in turn may complicate oral 

hygiene measures underneath the crown facing (Avivi-Arber & Zarb 1996).  

In comparison to the marginal tissue conditions of contra-lateral teeth, the soft tissue 

conditions around implant-supporting single crowns and bridges were found to be 

significantly worse in terms of pocket probing depth and bleeding on probing, while 

the plaque accumulation did not significantly differ (Brägger et al. 1997). In the 

Consensus Report of the Sixth European Workshop on Periodontology (Lindhe & 

Meyle 2008), the prevalence of peri-implant mucositis on the subject level was 

described to be about 80%, and peri-implantitis to vary between 28% and 56% 

depending on the criteria used to indicate peri-implant bone loss. In order to minimize 

the deteriorating effect of the plaque-associated diseases on peri-implant tissues, 

adequate means for infection control must be integral part of implant therapy. 
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Soft tissue alterations at implant-supported restorations 

Alterations in the position of the soft tissue margin around implants can create 

esthetic problems such as a long clinical crown length and/or exposure of metallic 

abutments (Goodacre et al. 2003). Facial soft tissue recession often occurs shortly 

after abutment connection/crown placement (Bengazi et al. 1996, Small & Tarnow 

2000, De Rouck et al. 2008), but subsequently remains relatively stable during 

various observation periods (Adell et al. 1986, Apse et al. 1991, Jemt et al. 1994, 

Bengazi et al. 1996, Andersson et al. 1998, Scheller et al. 1998, Grunder 2000, Kan et 

al. 2003a , Priest 2003, Cardaropoli et al. 2006, Jemt et al. 2006, Rompen et al. 2007, 

De Rouck et al. 2008). A thick mucosa (≥1 mm) at the mid-buccal aspect of implants 

was associated with less mucosal recession compared with a thin mucosa (<1 mm) 

(Zigdon & Machtei 2008). It was also claimed that the periodontal tissues at the 

adjacent teeth might have a positive influence on the soft tissue position at the single-

tooth implant (Avivi-Arber & Zarb 1996), and that papilla fill may improve 

spontaneously (Jemt 1997, Grunder 2000, Cardaropoli et al. 2006, Cooper et al. 2007).   

Peri-implant bone crest alterations  

Since the soft tissue topography at implant-supported restorations is likely to be a 

reflection of the peri-implant bone topography, preservation of the height of the peri-

implant bone crest is crucial for the papilla height and fill in the embrasure space. In 

this respect, factors with a potential influence on the degree of bone crest resorption 

have to be considered. 

Inter-unit distance    

Radiographic evaluations of implants placed adjacent to teeth revealed that the inter-

unit distance is a risk factor to consider with respect to marginal bone loss at the tooth. 

With respect to the vertical implant-tooth distance, more marginal bone loss at tooth 

surfaces facing implants was observed during the period between crown cementation 

and 1-year follow-up if the single implant was positioned farther away from the 

cementoenamel junction of the adjacent tooth (Andersson et al. 1995). A review of 

studies investigating a potential correlation between the horizontal implant-tooth 

distance and bone level alterations (Table 4a) reveals that a majority of the studies 

shows an increased marginal bone loss with decreased tooth-implant distance.  
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Table 4a.  Implant-tooth units. Overview of studies investigating the relationship between 
implant-tooth distance and bone level alterations. 

 
 

Authors Subjects     Bone loss at the adjacent 
teeth: mean (SD) mm 

Findings 

Esposito et 
al. 1993 

58 patients; 71 
Branemark 
implants 

Preoperative to crown 
installation: 1.0 (1.1)  
 
Crown installation to 3 
years: 0.3 (0.6)  
 

A strong correlation 
between bone loss at 
adjacent teeth and 
horizontal tooth-implant 
distance (HITD) 
 

Henry et al. 
1996 

92 patients; 107 
Branemark 
implants  
 
 
 
 
 

 
HITD 
(mm) 

5-year bone 
loss 

0-1.0 1.5 (0.9) 
1.1-2.0 0.9 (0.6) 
2.1-3.0 0.6 (0.7) 
3.1-4.0 0.3 (0.4) 
> 4.0 0.3 (0.7) 

Preoperative to 5 years 
 

More bone loss at tooth 
surfaces facing implants 
when HITD was < 2mm 

Andersson 
et al. 1998 

57 patients; 65 
Branemark 
implants 

Preoperative to crown 
cementation: 0.2 (0.4) 

Crown cementation  
              to 1y: 0.3 (0.5) 
           1 to 2y: 0.2 (0.3)  
           2 to 3y: 0.1 (0.2)  
           3 to 5y: 0.1 (0.2) 

 

More bone loss at tooth 
surfaces facing implants 
when HITD was <2mm 

Cooper et 
al. 2001 

47 patients; 53 
Astra Tech 
implants in the 
maxillary anterior 
region  
 
 
 

 
HITD 
(mm) 

1-year 
bone loss at 

implant 
< 1.0 -1.1 (1.5) 

1.0-2.0 -0.6 (0.7) 
> 2.0 -0.8 (0.7)  

No relationship between 
HITD and bone loss at 
the implant   
  
 

Thilander 
et al. 2001 

18 adolescent 
patients; 47 
Branemark 
implants 
 

At crown placement 
  Central incisors: 2.1(1.6)  
  Canines:             0.8 (1.0) 
 At 10-year follow-up 
  Central incisors: 4.3(2.7)    
  Canines:             2.2 (1.7) 

The shorter the HITD, 
the larger the reduction 
of marginal bone level at 
the adjacent tooth. 
 

Krennmair 
et al. 2003 
 

64 patients; 78 
single implants  
(69 Frialit-2 &  
 9 IMZ implants)  
 
 

Follow-up period >3 years  
Anterior teeth:   1.6 (1.0)  
Posterior teeth:  0.4 (0.3)  
 
  

A significant influence of 
the HITD on proximal 
bone loss at the adjacent 
teeth in the anterior but 
not in the posterior 
region.   
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Authors Subjects     Bone loss at the adjacent 

teeth: mean (SD) mm 
Findings 

Cardaropoli 
et al. 2003 

28 patients; 35 
tooth-implant 
units of 35 FPDs 
supported by 
Branemark 
implants  

3-year bone loss: 0.4 (1.0)  
 
  
  

Multiple regression 
analysis failed to identify 
significant explanatory 
factors for the bone level 
change at the tooth.  
 

Ryser et al. 
2005 

41patients; 
41implants 
(25 Steri-oss & 16 
Splines implants)  
 

Distance between contact 
point and tooth bone level: 
At baseline:          5.2 (1.4) 
1-year follow-up: 5.3 (1.2) 
2-year follow-up: 5.4 (1.2) 

A significant association 
between HITD and the 
tooth bone height 
 
No significant 
relationships between 
HITD and papilla 
maintenance 

HITD: horizontal implant-tooth distance 

 

The horizontal distance between two implants may have an influence on the 

maintenance of the proximal bone crest level. It was shown in experimental and 

clinical studies that the inter-implant bone crest level shifted apically when the inter-

implant distance decreased (Table 4b, c). Based on observations made in a cross-

sectional study, Tarnow et al. (2000) accredited the more apically located position of 

the bone crest between implants with less than 3 mm of inter-implant distance to the 

lateral component of the vertical bone loss to the first thread that is common at 

implants with a platform abutment connection. The proposed explanation, however, 

was not supported by a 3-year longitudinal study of the same type of implants 

(Cardaropoli et al. 2003), in which multivariate analysis failed to identify lateral bone 

loss as a significant factor for longitudinal reduction of the inter-implant bone crest 

level. Furthermore, animal studies revealed no significant difference in mid-proximal 

bone crest resorption in relation to the horizontal distance between implants designed 

with a Morse cone connection and a platform switching (Novaes et al. 2006 a & b, de 

Oliveira et al. 2006). It was even claimed, based on observations of implants placed in 

the tibia of rabbits, that closely placed implants may favor bone growth between 

implants (Hatley et al. 2001). However, whether maintenance of the mid-proximal 

bone crest level may be related to the design of the implant-abutment interface needs 

to be documented in longitudinal studies. In addition, a bridge construction supported 

by multiple implants usually presents with two different proximal areas - tooth-



 24 

implant and inter-implant units - and the consequence of loss of peri-implant bone 

support for the bone crest level and the soft tissue topography might differ between 

the two types of proximal units because of a potentially positive influence on the 

maintenance of the bone height from the periodontal support at an adjacent tooth. 

 
Table 4b.  Inter-implant units - clinical studies. Overview of studies investigating the 
relationship between inter-implant distance and bone crest alterations. 
 
 
Authors Subjects    Bone loss at the proximal 

bone crest (BL): mean (SD) 
mm 

Findings 

Tarnow et al. 
2000 

36 patients; 36 
inter-implant units 
between  
Branemark 
implants 
 

  
HID (mm) Bone crest 

level 
≤ 3  1.04* 
> 3  0.45* 

*Vertical distance between 
bone crest and the fixture/ 
abutment junction  (mm) 

The lateral bone loss 
was 1.34 mm from 
the mesial implant 
shoulder and 1.40 
mm from the distal 
implant shoulder 
between the adjacent 
implants.   

Cardaropoli et 
al. 2003 

28 patients; 70 
inter-implant units 
in 35 FPDs 
supported by 
Branemark 
implants  

0.5 (0.5) for 3 years 
 
   
 

The magnitude of BL 
during the 3 years of 
follow-up was 
negatively associated 
with HID. 

Kupershmidt 
et al. 2007 

45 patients; 200 
implants in the 
maxillary anterior 
region (130 inter-
implant gaps)  
 

Bone loss for 8-146 months: 

0.83 in immediate implant 
placement 

0.4 in delayed implant 
placement 

Negative correlation 
between HID and BL 
in the anterior 
maxillary region.  

Degidi et al. 
2008b 

49 patients; 99 
inter-implant sites 
of 152 Xive 
implants in the 
anterior region  
 
Immediate post-
extraction implant   
placement & 
restoration  

 
HID (mm) 2-year 

bone 
loss  

<2 1.9 (0.7) 
2-3 1.4 (0.6) 
3-4 1.3 (0.7) 
>4 1.0 (0.3) 

 
 

When HID was <2 
mm, BL was 
significantly greater 
than in the group 
with HID > 4 mm.  

HID: horizontal inter-implant distance 
BL: bone loss at the proximal bone crest
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Table 4c.  Inter-implant units - experimental studies. Overview of studies investigating the 
relationship between inter-implant distance and bone crest alterations.  

  

Authors Material  Crestal bone resorption (CBR) at 
different horizontal inter-implant 
distances (HID): mean mm (SD)  

Findings 

Hatley et 
al. 2001 

80 Osseotite 
micro-
miniplants in 20 
New Zealand 
White Rabbits    

  
HID (mm) Vertical bone 

growth   
1  1.3 (0.6) 
1.5  1.0 (0.5) 
3  0.8 (0.5) 

 Examination at 90 days after 
implant placement 

 
Placing implants 
closer together may 
increase bone 
growth. 

Scarano et 
al. 2004 

60 sand-blasted, 
acid etched 
Bone system 
implants placed 
in 6 dogs 
  

  
HID (mm) CBR 
2 2.0 (0.2) 
3 1.8 (0.2) 
4 1.0 (0.2) 
5 0.2 (0.1) 

Examination at 12 months after 
implant placement 

CBR between 
implants was 
significantly different 
between different 
HID groups. 

de Oliveira 
et al. 2006     

56 Ankylos 
implants in 7 
dogs  
 
 

     
CBR  HID 

(mm) NS S 
1 1.5 (1.9) 1.7 (1.2) 
2 0.6 (1.2) 1.7 (1.5) 
3 1.9 (1.0) 2.1 (0.9) 

Examination at 20 weeks after 
implant placement 

HID of 1 to 3 mm 
did not affect CBR of 
submerged (S) or 
nonsubmerged (NS) 
implants in the dog 
model. 
 

Novaes et 
al. 2006a 

56 Frialit 
implants in 7 
dogs  

  
CBR  HID 

(mm) NS S 
1 0.2 (0.1) 0.2 (0) 
2 0.2 (0.1)   0.1 (0.1) 
3 0.2 (0.1) 0.2 (0) 

Examination at 20 weeks after 
implant placement 

HID of 1, 2 and 3 
mm did not show 
significant difference 
in CBR at S or NS. 
     

Novaes et 
al. 2006b 

48 Frialit 
implants in 6 
dogs  
  

  
HID (mm) CBR 
2 0.6 (0.5) 
3 1.5 (1.0) 

Examination at 20 weeks after 
implant placement 

HID of 2 and 3 mm 
did not show 
significant difference 
in CBR. 

HID: horizontal inter-implant distance 
CBR: crestal bone resorption between implants 
NS: non-submerged implant 
S: submerged implant 
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Implant design and surface characteristics   

The magnitude of bone loss around an implant may vary depending on its design and 

surface topography (Malevez et al. 1996, Norton 1998, Hansson 1999, Lazzara & 

Porter 2006). A conical implant-abutment interface was shown to more effectively 

counteract the stress concentration at the level of the marginal bone than a platform 

interface (Hansson 2000, 2003), which in clinical studies was evidenced by a reduced 

bone resorption (Gotfredsen & Karlsson 2001, Engquist et al. 2002, Wennstrom et al. 

2004). Other features of the marginal portion of the implant, e.g. surface 

modifications/roughness (Hansson & Norton 1999), micro-threading (Hansson 1999, 

Palmer et al. 2000, Shin et al. 2006) and platform switching (Lazzara & Porter 2006), 

may also be of significance for the maintenance of the peri-implant bone level. The 

Astra Tech ST implant®, which includes all these features, was in animal and human 

studies shown to cause minimal amount of peri-implant bone loss (Palmer et al. 2000, 

Wennström et al. 2005, Berglundh et al. 2005, Abrahamsson & Berglundh 2006, Lee 

et al. 2007). However, whether the reduced peri-implant bone resorption might reduce 

the risk for bone loss at the adjacent tooth in case of a close relationship to the implant 

has not been addressed in previous studies. 

 

Vertical change of adjacent tooth in relation to the single implant 

Similar to ankylotic teeth (Kawanami et al. 1999), the osseointegrated single implant 

restoration faces the risk to be positioned in infra-occlusion by time because of 

continuous eruption of the adjacent teeth and/or facial bone growth (Heij et al. 2006). 

Longitudinal studies reported development of infra-occlusal positioning of single 

implant-supported restorations in the anterior maxilla among both adolescents and 

adults (Thilander et al. 2001, Bernard et al. 2004, Jemt et al. 2007) (Table 5). Jemt et al. 

(2007) observed a higher incidence of infra-occlusion in females than males, and this 

was suggested to be due to a greater increase of anterior face height and posterior 

rotation of the mandible among female. In case of development of infra-occlusal 

positioning, discrepancy of the incisal edges as well as of the facial soft-tissue margins 

between the single implant-supported crown and adjacent teeth may be so evident that 

a new crown restoration and/or soft tissue corrections will be required to regain 

esthetic harmony (Avivi-Arber & Zarb 1996, Poggio & Salvato 2001, Tarlow 2004, 

Jemt 2005).  
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Table 5.   Overview of studies on infra-occlusion of single implants and ankylosed teeth.  
 

Authors  Subjects (age) 
/follow-up period 

Methods Findings 

Kawanami 
et al. 1999 

52 patients (6-48 
years) / 1-21 
(mean 4.2) years; 
52 ankylosed 
maxillary   
incisors  
 

Assessment in photos of 
study cast models 
 

Mean infra-position rate: 
0.07 mm/year in males and 
0.07 mm/year in females who 
developed ankylosis at 20 - 
30 years of age. 

Marked infra-position of 
teeth traumatized before the 
age of 16 in boys and before 
the age of 14 in girls. 

Thilander 
et al. 2001 

15 patients (13-17 
years) /10 years; 
29 single implants 
in premolars, 
canines, and 
upper incisors 
position  

Study model assessment 
of infra-occlusion 

  In the upper incisor region 
Crown 
placement 
to 

Mean (SD) 
mm 

  1 year 0.13 (0.14) 
10 years 0.98 (0.62) 

*Range: 0.1-2.2 mm 

Infra-occlusion at 3 years 
follow-up: 
Canine regions:  0 
Premolar region: 0.1-0.6 mm. 

Bernard et 
al. 2004 

28 patients (16-55 
years) / 1-9 (mean 
4.2) years; 28 
single implants in 
the maxillary 
anterior region  

Radiographic 
assessment of eruption 
of the adjacent tooth  

Young subjects:   
0.10-1.65 (mean 0.69) mm. 

Adult subjects: 
0.12-1.86 (mean 0.67) mm. 
 
No difference in the amount 
of vertical eruption between 
males and females, nor 
according to localization of 
the implant. 

Jemt et al. 
2007 

25 patients  (25.4 
± 10 years) /15.9 
± 0.7 years; 28 
single implants in 
the maxillary 
anterior region  

Clinical index 
 Vertical  

infra-
position 
(mm) 

Score A   No   
Score B <0.5  
Score C ≤1.0 
Score D >1.0  

Numbers of implants (n=28) 
Infra-
position 

Male Female 

Score A 11 0 
Score B 5 5 
Score C 2 1 
Score D 2 2 

 
The risk for major tooth 
movements significantly 
higher in females than in 
males (p<0.05).  
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Remarks 

• Soft tissue dimensions at implant-supported restorations have been described but 

intra-individual comparison with those at contra-lateral natural teeth is lacking in 

the literature. 

• Patient’s esthetic satisfaction with an implant-supported prosthesis is one of 

several success criteria used in implant therapy. Although the literature indicates 

that dentists and patients generally express a high degree of satisfaction with the 

esthetic outcome of single implant-supported crown restorations, there is a lack of 

information with respect to factors of significance for the esthetic satisfaction. 

• A conical implant-abutment interface was shown to more effectively counteract 

the stress concentration at the level of the marginal bone than a platform interface, 

which in clinical studies was evidenced by a reduced bone resorption. However, 

whether the reduced peri-implant bone resorption might reduce the risk for bone 

loss at the adjacent tooth in case of a close relationship to the implant has not been 

addressed in previous studies.  

• At the replacement of multiple teeth with an implant-supported restoration, the 

topography of the bone crest is crucial for the position of the soft tissue margin in 

the inter-implant area. Whether maintenance of the mid-proximal bone crest level 

may be related to the design of the implant-abutment interface needs to be 

documented in longitudinal studies. 

• The consequence of the loss of peri-implant bone support for the bone crest level 

and the soft tissue topography might differ between the two types of proximal 

units in a bridge construction supported by multiple implants, i.e., tooth-implant 

and inter-implant units because of a potentially positive influence on the 

maintenance of the bone height from the periodontal support at an adjacent tooth. 

However, whether soft tissue improvement will occur over time in the embrasure 

spaces at multiple implant-supported prostheses, similar to that observed for 

papillae next to single implant-supported restorations, has not been studied. 
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AIMS 

The specific objectives of the studies included in the thesis were: 

• to make a comparative evaluation of crown and soft tissue dimensions between 

implant-supported single-tooth replacements and the contra-lateral natural teeth 

(Study I).   

• to assess and compare patients´ and dentists´ judgment of the esthetic outcome of 

implant-supported single-tooth replacements (Study II). 

• to evaluate longitudinal changes in bone topography and tooth/implant 

relationship in patients with single implants with a micro-threaded, conical 

marginal part (Study III). 

• to longitudinally evaluate bone alterations around implants with a conical implant-

abutment interface in relation to implant-tooth and inter-implant distances (Study 

IV).   

• to longitudinally evaluate soft and hard tissue alterations at implant-supported 

fixed partial dentures from time of implant placement (Study V).   
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MATERIAL AND METHODS 
 

Subject samples 

Subjects for Study I & II were recruited among those who had been treated with an 

implant-supported single-tooth replacement in the esthetic zone of the maxillary jaw 

(tooth region 14-24) at the Clinic for Implants and Material Development (SIM 

Clinic), Mölndal, Sweden, and were subjected to a recall examination during a 7-

month period. Out of the available 29 patients, 20 subjects who had (i) a non-restored 

contra-lateral natural tooth and (ii) completed the implant-supported crown restoration 

at least 6 months prior to the follow-up examination were included for comparative 

evaluation of crown and soft tissue dimensions between implant-supported single-

tooth replacements and the contra-lateral natural tooth (Study I). Twelve patients, who 

had clinical photographs available at the time of the crown insertion, were in addition 

evaluated with respect to longitudinal alterations in papilla fill at proximal sites 

adjacent to the implant-supported crown. For Study II, which focused on esthetic 

evaluations, all 29 patients were included.   

Subjects for Study III-V were recruited from those who had been treated with implant-

supported restorations at the Department of Periodontology, Institute of Odontology, 

the Sahlgrenska Academy at University of Gothenburg, Sweden. To be included in 

Study III, the patient had to have a single implant (Astra Tech® ST) placed in the 

esthetic zone of the maxillary jaw and functionally loaded for at least 5 years. 

Furthermore, radiographs of the implant site had to be available at crown cementation 

and at 1, 5 and preferably 8 years of follow-up.  

Subjects for Study IV and V were patients who had been referred due to advanced 

chronic periodontitis, had received comprehensive periodontal treatment of the 

remaining dentition (Nyman & Lindhe 2003) before the implant placement, and were 

included in an individually designed supportive care program (Lang & Lindhe 2003). 

Study IV included patients who had received fixed partial dentures (FPDs) supported 

by Astra implants (Astra Tech® Dental Implant System; Mölndal, Sweden) and had 

their original FPDs in place at the 5-year follow-up examination. Patients who were 

candidates for treatment with implant-supported fixed partial dentures in the 

premolar-molar regions of the jaws were invited to participate in Study V. Exclusion 
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criteria were (i) smoking >10 cigarettes/day, (ii) inadequate self-performed infection 

control and (iii) need of bone augmentation or sinus lift procedures in the site of 

intended implant placement.   

Characteristics of the various subject samples are presented in Table 6. 

 

 
Table 6.    Characteristics of the subject samples. 
 

 Study I Study II Study III Study IV Study V 

No. patients 20 29 31 43 16 

Mean age (range) 34 (18-49) 32 (18-67) 40 (19-71) 59 (36-76) 63 (48-73) 

Male/female 13/7 18/11 18/13 16/27 5/11 
      

Implant system Branemark Branemark Astra Tech® Astra Tech® 3i 
Osseotite® 

No. implants 21 41 33 130 43 

Position of implants      

              Incisors 19 37 19 11 - 

              Canines 1 3 - 10 - 

              Premolars 1 1 14 76 26 

              Molars - - - 33 17 
      

Type of prosthesis * SC SC SC FPD FPD 

No. Prostheses 21 41 33 48 18 

No. Proximal units      

         Tooth-implant  - - - 36 17 

         Inter-implant  - - - 67 25 

  *SC: single crown, FPD: fixed partial denture. 

 

Ethical approval 

All subjects for the studies were informed about the purpose and design of the study 

and gave their written consent before they entered the study. Approval of the study 

protocols was obtained from the Ethics Committee at the Sahlgrenska Academy, 

University of Gothenburg (Study III-V).   

Implant treatment  

All subjects in Study I & II had received commercially available standard Brånemark 
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dental implants (Nobel Biocare AB, Göteborg, Sweden) inserted according to routine 

surgical principles (Lekholm & Jemt 1989). After a healing period of 6 months, the 

fixture was uncovered and an abutment was connected. The abutment, the CeraOne® 

system or the CerAdapt® system, was manually connected to the fixture with a gold 

screw. The prosthetic procedure was performed after approximately 3 weeks of soft 

tissue healing. Except for 3 cases with a conventionally made metal-ceramic crown, 

all ceramic crowns were used. Instructions in oral hygiene measures using regular 

toothbrush but no interdental devices were given to all patients following installation 

of the implant-supported crown.  
 

Subjects involved in Study III had been treated with Astra Tech® ST implants with a 

body diameter of 3.5 mm and a marginal conical diameter of 4.5 mm (Astra Tech AB, 

Mölndal, Sweden), which were inserted in a submerged procedure according to the 

manufacturer’s manual. About 6 months after implant installation, standard ST-

Abutments® varying in length from 0 and 1.5 mm, were connected to the implants. 

Immediately after abutment connection, an acrylic crown restoration was fabricated 

and inserted as a temporary prosthesis. The final porcelain fused to metal crown was 

cemented about 4 weeks after the abutment connection.  

In Study IV, all implants (Astra Tech® Dental Implant System) had a diameter of 3.5 

mm while the length varied between 8-19 mm. Abutment connection was performed 

in a second stage surgical procedure 3 months (mandible) or 6 months (maxilla) after 

implant installation. Standard, Uni-abutments® (Astra Tech® Dental Implant System) 

of varying length were used. The final, screw retained fixed partial denture (FPD) was 

completed and delivered about 4 weeks after abutment connection. In conjunction 

with the delivery of the FPDs, the patients were given additional oral hygiene 

instruction with special emphasis on how the implants must be cleaned. 

In Study V, the surgical treatment was performed according to a 1-stage surgical 

protocol. In each treated jaw segment, two to three Osseotite® implants (3i/Implant 

Innovations, Palm Beach Gardens, FL, USA), depending on the space available, were 

inserted (diameter 3.75 mm; length varying between 8.5 and 15 mm). The preparation 

of the recipient sites was done without counter-sinking, i.e., the platform of the 

inserted implants was located approximately 0.7 mm supra-crestally. After implant 

installation, one-unit healing abutments were attached, followed by adaptation and 

closure of the flaps with interrupted sutures. A temporary acrylic restoration was 
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fabricated and inserted 8 weeks post-surgery. At 6 months, the temporary FPDs were 

exchanged to screw-retained porcelain-fused-to-metal FPDs. Careful oral hygiene 

instructions with an emphasis on how to clean the implants with a regular toothbrush 

and inter-dental brushes were given to all patients in conjunction with the installation 

of the temporary as well as the final FPDs. Throughout the 3-year period of 

monitoring, the patients were enrolled in an individually designed SPT program that 

called for examination of the periodontal and peri-implant soft tissues once every 6 

months. Sites that showed bleeding following probing were carefully instrumented 

and polished by use of rubber cups and low abrasive polishing pastes. In addition, the 

loading on the implant-supported prosthesis was carefully evaluated at annual follow-

up examinations and adjustments were made when indicated. 

Assessments 

Clinical, radiographic, photographic and study model assessments as well as 

questionnaire assessments were included in the various studies (Table 7). 

 

Table 7.   Description of assessment methods. 
 

 Study I Study II Study III Study IV Study V 

Clinical assessments √ - - - √ 

Photographic assessments √ √ - - √ 

Study model assessments - - - - √ 

Radiographic assessments - - √ √ √ 

Questionnaire assessments  √ √ - - - 
 
 
Clinical assessments 

In Study I the following variables were assessed clinically at the implant-supported 

crown as well as at the contra-lateral natural tooth (Fig. 1): 

• Clinical crown length; the distance between the soft tissue margin and the incisal 

edge measured to the nearest 0.5 mm. 

• Width of the crown; the widest mesio-distal dimension of the crown measured to 

the nearest 0.5mm. 
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• Facio-lingual crown dimension; the distance between the facial and lingual aspect 

of the crown at the soft tissue margin measured to the nearest 0.1 mm with a 

gauge.  

• Soft tissue margin level; the distance between the most apical point of the soft 

tissue margin at the facial aspect of the crown and a line connecting the midfacial 

level of the soft tissue margin at the adjacent teeth, measured to the nearest 0.5 mm 

with the periodontal probe. 

• Papilla height; the distance between the top of the mesial and distal papilla to a 

line connecting the midfacial level of the soft tissue margin of the two adjacent 

teeth, measured to the nearest 0.5 mm with the periodontal probe (Olsson et al 

1993). 

 
 
 

Fig. 1.  Schematic illustration of various crown and soft tissue dimensions: crown length 
(CL), crown width (CW), soft tissue margin level (STML), and papilla height (PH). 

 

In Study I & V:  

• Width of keratinized mucosa; the distance between the soft tissue margin and the 

mucogingival junction, measured to the nearest 0.5 mm with the periodontal probe. 

• Thickness of mucosa; assessed with an ultrasonic device (SDM, Krupp Corp., 

Essen, Germany; Eger et al. 1996) mid-buccally at a level corresponding to the 

bottom of the probeable pocket. Double recordings were obtained and the mean 

value was calculated. 

In Study V:  

• Soft tissue height coronal to the implant/abutment level measured to the nearest 0.5 

mm with the periodontal probe. 

In addition, the following assessments of the clinical conditions at implants and 

adjacent teeth (mesial, buccal, distal and lingual) were included: 
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• Oral hygiene status (plaque score); presence/absence of visible plaque at the soft 

tissue margin (Study I). 

• Soft tissue condition (mucositis score); determined according to criteria described 

by Bengazi et al. (1996) (Study I). 

• Probing depth; measured to the nearest mm with a calibrated periodontal probe 

having 1 mm markings (HuFriedy™, tip diameter 0.45 mm), using a standardized 

probing pressure of 0.35N (0.25N in Study V). Furthermore, bleeding following 

probing (within 15 sec) was recorded (Study I & V). 

Photographic assessments  

At the follow-up examination (Study I & II), clinical photographs were obtained of the 

implant-supported crown and the contralateral natural tooth as well as of the anterior 

teeth when smiling. All photographs were taken at a fixed distance and with the same 

camera system equipped with a 100 mm macro lens with ring flash illumination, and 

the use of Kodak Elite II 200 color slide films. Photographs obtained at the time of 

crown cementation were compared with those at the follow-up examination to assess 

longitudinal alterations of the Papilla Index (Fig 2) at the mesial and distal aspects of 

each implant (Study I). For the assessment of the esthetic outcome by prosthodontists, 

the photographs taken at the follow-up examination were projected on a screen in the 

following order; an extra-oral smile view and 3 simultaneously projected intra-oral 

photographs, i.e., a front view of the anterior teeth (magnification 1:1.5) and 2 

photographs viewing the implant-supported crown and the contra-lateral natural tooth 

(magnification 1:1). The smile type (Tjan et al. 1984) and abutment visibility of each 

single implant-supported crown restoration were also determined (Study II).  
 

Fig 2.   The Papilla Index according to the description by Jemt (1997). 

 

          

 

Index score 0 - No papilla is present. 
Index score 1 - Less than half of the height of 

the papilla (HP) is present. 
Index score 2 - Half or more of the height of 

the papilla is present. 
Index score 3 - The papillae fill up the entire 

proximal space and are in good harmony 
with the adjacent papillae. 

Index score 4 - The papillae are hyperplastic. 
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In Study V, digital photographs of the implant-supported FPDs were taken after 

insertion at 6 months and at 1, 2 and 3 years of follow-up. The ratio between clinical 

crown height measured on the study model (see below) and in the photograph was 

calculated, and used for calibration of the linear measurements in the individual 

photographs. Photographs of the FPDs taken at various follow-up intervals were 

calibrated with the use of the vertical length of proximal contact area between two 

crown units, or the crown height if visible cervical crown border. The following 

variables were assessed at implants and the adjacent teeth with the use of the 

measuring tool available in Photoshop (Adobe Photoshop 7.0; Adobe Systems 

Inc., USA). 

• Facial soft tissue level; the distance between the soft tissue margin and incisal edge 

of the crown.   

•  Papilla level; measured at the mesial and distal sites from a reference line 

connecting the occlusal edge of the crowns. 

Furthermore, the degree of papilla fill was determined at tooth-implant and implant-

implant proximal areas using the scoring system of the Papilla Index (Jemt 1997).  

Study model assessment (Study V) 

The following variable was measured to the nearest 0.1 mm on study models obtained 

at the 3-year follow-up examination: 

• Facial soft tissue level; the distance between the soft tissue margin and the incisal 

edge of the crown measured with the use of a Boley gauge (Hu-Friedy Chicago, 

Chicago, USA). 

Radiographic assessments (Study III, IV & V) 

Standardized radiographs, with the film (Kodak Ektaspeed Plus, Eastman Kodak Co., 

Rochester, NY, USA) kept parallel and the X-ray beam (Heliodent MD, 60 kV, 7mA, 

Siemens AG, Bensheim, Germany) perpendicular to the implant, were taken using 

individually fabricated film holders (Have-Super-Bite, Hawe-Neos dental, Genilino, 

Switzerland). The film holder was attached to the occlusal surface of the supra-

structure using an impression material (OptosilP, Bayer Dental, Leverbussen, 

Germany).  

In the radiographs, peri-implant bone level assessments (bone-to-implant contact 

level) were performed by two experienced radiologists working together and by the 
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use of a magnifying lens (x7) to the nearest 0.1 mm (for details see Wennström et al. 

2004 & 2005) (Study III & IV).   

All other measurements were performed by the use of the image measurement 

program, NIH Image (Wayne Rasband, U.S. National Institutes of Health, available 

electronically via Internet from the NIH Image website at http://rsb.info.nih.gov/nih-

image; Wyatt et al. 2001), on scanned images of the radiographs (resolution 500 dpi; 

PowerLook1000 UMAX Technologies, Inc., USA). The known implant dimensions 

were used for calibration with regard to magnification. With the use of a reference 

line drawn perpendicular to the implant surface at the corner between the vertical and 

conical parts of the implant head (0.3 mm below the implant/abutment level) (Study 

III & IV) and implant/abutment connection level (Study V), linear distances were 

assessed to the nearest 0.1 mm by a trained examiner (MC). The implant in the 

implant-tooth unit, and the anterior implant in the inter-implant units, were used as a 

reference implant for the linear measurements. 

The following variables were assessed at the mesial and distal sites of the implant and 

the implant-facing sites of the adjacent tooth (Fig. 3 & Table 8);  

Table 8. Variables in radiographic assessments. 
 
 Study IIIa Study IVb Study Vc 

Implant position    

Vertical implant-tooth distance √ √ √ 

Vertical inter-implant distance - √ √ 

Horizontal implant-tooth distance √ √ √ 

Horizontal inter-implant distance - √ √ 

     Root apex position √ - - 

Bone topography    

Bone level at tooth √ √ √ 

Bone level at implant √ √ √ 

Mid-proximal bone crest level - √ √ 

Radiographic assessments were performed at: 
a. crown placement, 1, 5 and 8 years of follow-up 
b. bridge insertion, 1 and 5 years of follow-up 
c. implant placement surgery, 2 and 6 months, 1, 2 and 3 years of follow-up 
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Implant position 

• Vertical implant-tooth distance (VITD): the distance between the reference level 

and the location of the cement–enamel junction (CEJ) on the neighboring tooth. 

• Vertical inter-implant distance (VIID): the distance between two neighboring 

implants at the reference level. 

• Horizontal implant-tooth distance (HIID): the distance between implant and 

adjacent tooth at the reference level.   

• Horizontal inter-implant distance (HID): the distance between two neighboring 

implants at the reference level.  

• Root apex position (RAP): the position of the apex of the adjacent tooth in relation 

to the thread level of the implant (lower half thread, i.e. 0.3 mm) assessed from the 

apical extension of the conical part of the implant. Two implants had to be 

excluded with regard to this assessment because the apex of the teeth was not 

reproduced in the radiographs. 

Fig. 3 Assessments performed on scanned images of radiographs. CEJ = Cemento-enamel 
junction, VITD = vertical implant-tooth distance, BLT = bone level at the tooth, HITD 
= horizontal implant-tooth distance, Ref = Implant-abutment junction, BLI = bone 
level at implant, PCL = mid-proximal bone crest level, HID = horizontal inter-implant 
distance, VID = vertical inter-implant distance. 

 

                                     
 

Bone topography 

• Bone level at tooth (BLT): the vertical distance between the reference level and 

the most coronal bone level at which the width of the periodontal ligament space 

was considered normal.  

• Bone level at implant (BLI): the vertical distance between the reference level and 

the bone-to-implant contact. 
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• Mid-proximal bone crest level (PCL): the mid-proximal vertical distance between 

the bone crest and reference level. 

Questionnaire assessments (Study I & II) 

According to the general guidelines in the construction of continuous scales, 

questionnaires were designed with the use of visual analogue scale (VAS) (Streiner & 

Norman 1995). The patients were asked to mark their assessments on a 100 mm line 

having end-phrases "not at all satisfied" on the left and "completely satisfied" on the 

right. The distance from the left end of the VAS line to the mark made by the patient 

was measured to the nearest mm and reported as a percentage. To avoid bias, i.e. 

interpersonal reactions, the patients completed the questionnaire at the recall 

examination under the supervision of a staff member who did not know the patients. 

Patients  

At the follow-up examination, the patients were asked to respond to a VAS question 

"What is your esthetic appreciation of your implant-supported single crown?" (Study 

I). A questionnaire∗, composed of 7 questions using VAS scales and two categorical 

questions, was utilized to assess the patient’s satisfaction with respect to the esthetic 

outcome of the single implant-supported crown (Study II).   

Dentists 

Five prosthodontists at the department of Prosthetic dentistry, University of 

Gothenburg, Sweden, who were not involved in the treatment of the patients 

individually assessed the esthetic outcome of the implant-supported crowns from a 

professional point of view. Extra- and intra-oral photographs taken at the recall 

examination were used for the assessment. The prosthodontists responded to a 

questionnaire∗∗ composed of 8 VAS questions and one question related to the 

identification of the implant-supported crown. Three VAS questions shared the same 

content with the questions used for the patients (Study II).  

                                                
∗   Appendix I 
∗∗ Appendix I 
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Error of methods 

With an interval of 1 month, the papilla index of 10 randomly selected patients was 

determined twice (Study I). The scorings were found to be identical at 90% of the 

sites. 

The 5 prosthodontists performed repeated assessments by use of the questionnaire of 

3 randomly selected implant-supported crowns in order to evaluate the reproducibility 

of the method (Study II). The mean difference between the two assessments was 6.3 

% (S.D. 7.2). The calculated Spearman rank correlation coefficient was 0.79 

(p<0.001).  

The measurement error of the radiographic assessments in Study III & IV was 

estimated by repeated assessments with a time interval of 2 weeks of 10 randomly 

selected images (20 mesial and distal sites). The mean differences between the double 

assessments of the various distances varied between 0.01 - 0.04 mm (SD 0.03 - 0.06). 

The mean difference between double recordings of the bone-to-implant level with the 

use of the magnifying lens was 0.04 mm (SD 0.33) (Wennström et al. 2004). 

The assessment of the apex level of adjacent tooth in relation to the implant threads 

(Study III) was equal in 25 out of 28 cases (89 %), and in the remaining 3 cases the 

difference was half a thread (0.3 mm).  

In Study V one radiograph per patient (16 radiographs) was randomly selected for 

repeated measurements during a 2-month interval. The mean difference between the 

measurements was 0.02 mm (S.D. 0.05) for periodontal bone level, 0.01 mm (0.04) 

for peri-implant bone level, 0.02 mm (0.03) for horizontal tooth-implant distance, and 

0.03 mm (0.04) for horizontal inter-implant distance, and 0.02 mm (0.04) for 

proximal bone crest level. 

The validity of the photographic assessments in Study V was examined by the 

comparison of the facial soft tissue level at 29 units in 15 patients measured on 

photographs and study models. Mean difference between the two measurements was 

0.01 mm (S.D. 0.48). In 83% of the paired assessments the difference was less than 

0.5 mm.  
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Data analyses 

Data handling and statistical testing were performed with the use of StatView 4.5 

(Abacus Concepts, Inc., Berkeley, CA, USA) (Study I & II), SPSS 16 software 

package (SPSS Inc., Chicago, Illinois, USA) (Study III-IV) and SAS 9.1 (SAS 

Institute Inc., Cary, NC, USA) (Study V). For data description, frequencies, mean 

values, standard deviations and 95% confidence intervals were calculated for the 

various assessments (Study I-V).  

Study I 

Differences in clinical variables between implant-supported crowns and contralateral 

control teeth were analyzed using the paired t-test. The Wilcoxon signed rank test was 

used in analysis of differences in papilla index score between the time of crown 

placement and the follow-up examination.   

Study II 

The Mann-Whitney U test was employed to compare VAS scores between subgroups 

of patients. In the comparison of the dentists’ assessments of satisfaction with the 

color of the incisal and cervical half of the crown, Wilcoxon signed rank test was 

used. Multiple regression analyses were utilized to evaluate the influence of various 

variables on the patients’ and dentists’ overall satisfaction with the appearance of the 

single implant-supported crowns.   

Study III 

To analyze the influence of various factors on the 5-year longitudinal marginal bone 

level change at the adjacent teeth, a multiple regression model was formulated 

including horizontal and vertical implant-tooth distances, longitudinal bone level 

change at the implant, and difference in marginal bone level between tooth and 

implant at baseline as explanatory variables. A potential relationship of age, gender, 

and implant position (incisor or premolar) to the presence of vertical change in 

position of the adjacent teeth relative to the implant was analyzed with the use of 

logistic regression models. 

Study IV 

Multiple regression models were formulated to analyze the influence of various 

factors on the bone level changes over the 5-year interval. The model for the 

tooth/implant units employed the 5-year bone level change at the neighboring tooth as 
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the dependent variable, and 5-year bone level change at implant, horizontal and 

vertical tooth-implant distances as explanatory variables. With regard to change in 

mid-proximal bone level at implant/implant units, the 5-year bone level change at 

implants, horizontal and vertical inter-implant distances were included as independent 

variables.  

Study V 

Conditions at proximal sites of the implants were described with respect to the 

presence of adjacent tooth or implant, i.e. tooth-facing and implant-facing sites, 

respectively. Because of clustering of sites in subjects, linear mixed-effect models 

(SAS Proc Mixed) were applied to detect differences between the two categories of 

proximal units and between various examinations following control of normal 

distribution of the data (Shapiro-Wilk test). The potential influence of various factors 

on the papilla height at 6 months and mid-proximal bone crest change at 3 years was 

evaluated by the use of multiple regression analysis. 
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RESULTS AND DISCUSSION 

 

Study I 

Crown dimensions 

The clinical crown of the implant-supported reconstructions was found to be on 

average 1.0 mm longer than the contralateral natural tooth and 0.8 mm smaller in 

facio-lingual dimension (p <0.01) (Table 9). The difference in clinical crown height 

may already have been present at time of crown insertion due to loss of bone height 

following extraction of the natural tooth. However, retraction (recession) of the soft 

tissue margin may also have taken place subsequent to crown placement, as has been 

reported in previous studies on implant-supported prostheses (Adell et al. 1986, Apse 

et al. 1991, Jemt et al. 1994, Bengazi et al. 1996, Grunder 2000, Small & Tarnow 

2000, Cardaropoli et al. 2006).    
 
Table 9. Crown and soft tissue dimensions at implant-supported single crown restorations 

and contralateral teeth. Mean values (SD).     
 

Variable Implants Teeth                     Difference 

Clinical crown length (mm) 11.0  (1.8)    10.0  (1.5)  1.0  (1.3)*  

Facio-lingual crown thickness (mm)  6.8  (0.6)      7.6  (1.0)                -0.8  (1.1)* 

Width of keratinized mucosa (mm)     3.9  (1.4)  4.6  (1.1)  -0.7  (1.5) 

Mucosa thickness (mm)     2.0  (0.7)  1.1  (0.3)                      0.9  (0.7)** 

Papilla height (mm)    

    mesial    3.9  (0.9)             4.1  (0.9)                -0.2  (0.7) 

    distal    3.6  (0.9)  4.5  (1.2)                -0.9  (1.3)* 

Papilla Index (Jemt 1997)       

   mesial    2.5  (0.7)             2.7  (0.6)  -0.2  (0.4) 
   distal    2.3  (0.8)               2.8  (0.5)                -0.5  (0.8)* 

  * p < 0.01,
  

** p < 0.001  

Soft tissue dimensions  

The thickness of the facial mucosa, assessed at a level corresponding to the bottom of 

the probeable pocket, was greater at the implants than at the teeth (2.0 mm versus 1.1 

mm; p <0.001) (Table 9). The difference was most evident in the central incisor 
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position. Diameter discrepancies between the implant and the root to be replaced 

could be one reason for the different thickness of the facial mucosa. Furthermore, it 

has been suggested that the head of the implant should be positioned in line with the 

labial root surface of neighboring teeth and apical to their cervix in order to be able to 

achieve a favorable emergence profile of the crown and a natural-looking soft tissue 

profile (Palacci et al. 1995). In the present patient material such a positioning of the 

implants was obviously not obtained in the majority of the cases since the implants 

had a thicker facial mucosa than the contralateral teeth. 

With respect to the dimension of the papillae the data revealed that the papilla at the 

distal aspect of the implants showed a lower height than that at the corresponding site 

of contra-lateral teeth (p <0.01). Since a majority of the single implants were placed in 

a central incisor position, the comparison at the mesial aspect of implants and teeth is 

hampered by the fact that the papilla is shared between the two units, and that the loss 

of a central incisor most likely affects the papilla height at the mesial aspect of the 

other central incisor. Furthermore, the reduced height of the distal papilla was most 

marked for implant-supported restorations in the central incisor position, both in 

comparison to the distal papilla at the contra-lateral tooth and to the mesial papilla at 

the implant. It is suggested that the anatomy of adjacent teeth (e.g. the diameter of the 

root, the proximal outline/curvature of the cementoenamel junction/connective tissue 

attachment level), and the width of the space between the implant unit and the natural 

tooth, are factors that may influence the dimension of the papilla lateral to an implant. 

Palmer et al. (2007) also found differences between mesial and distal papillae at 

single-tooth implant restorations and attributed this to an approximately 1.5 mm 

difference in contact point distance from the implant head.  

A statistically significant increase in the mean value for Papilla Index – describing the 

degree of soft tissue fill - was observed at both mesial and distal sites of the single 

implants during the follow-up period, which corroborates finding reported by other 

authors (e.g. Jemt 1997, Jemt et al. 1999, Choquet et al. 2000, Henriksson & Jemt 

2004, Cardaropoli et al. 2006). Since signs of soft tissue inflammation at proximal 

sites were frequent findings in the present patient material (BoP 60% for both 

implants and teeth; Table 10), it cannot be ruled out that plaque-induced inflammation 

and an associated swelling of the soft tissue could have accounted for the improved 

soft tissue height, as suggested in a publication by Jemt (1997). However, the 
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observed increase in tissue volume at the follow-up examination may also partly be 

due to a remodeling potential of the soft tissues in order to establish a proper 

biological height after the surgical manipulation in conjunction with the abutment 

connection. To consider is also the fact that the assessment of the Papilla Index is 

made in relation to a reference line determined by the facial soft tissue margin at 

adjacent teeth (Jemt 1997), and that the improved soft tissue fill in the proximal sites 

might have been overestimated if retraction of the facial soft tissue margin at the 

adjacent teeth had taken place. 

  
Table 10. Soft tissue conditions at implant-supported single crown restorations and 

contralateral teeth. Mean values (SD).     
 

Variable Implants Teeth                     Difference 

Probing depth (mm)    
     facial 2.9  (0.6) 2.5  (0.7)                0.4  (0.8) 
     lingual  3.5  (0.8) 2.1  (0.5)                1.4  (0.9)** 
     proximal 3.5  (0.7) 2.5  (0.6)                1.0  (0.8)* 

Plaque (%)    
     facial   14    14  
     lingual   24    16  
     proximal   31    38  
Bleeding on probing (%)    
     facial   67    19  
     lingual   62      5  
     proximal   60    60  

p < 0.01,
  

** p < 0.001  

 

Interestingly, the VAS scoring of the patients’ satisfaction with the appearance of 

their single implant-supported crown restoration revealed a high value; median value 

96%, range 70-100%. Hence, the observed differences in clinical crown height and 

soft tissue topography between implant-supported single-tooth replacements and the 

contra-lateral natural tooth may in most patients be of minor importance for the 

appreciation of the esthetic outcome of implant therapy. 
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Study II 

Smile line categories 

Thirty-one percent of the patients were classified as having a high smile, 17 % a low 

smile, and 52 % an average smile.  

Abutment visibility 

The metal part of one CeraOne® abutment and the ceramics of 4 CerAdapt® 

abutments were found to be exposed supra-mucosally. However, the 5 patients who 

presented with oral exposure of the abutment did not deviate in their assessment of 

"overall satisfaction with appearance" from the patients without abutment exposure. 

The most likely explanation for the lack of difference in "overall satisfaction with 

appearance" despite exposure of the abutment may be that none of the 5 patients was 

characterized as having a high smile line.  

Patient satisfaction  

All variables assessed by the patients, except "importance of abutment visibility", 

showed a mean value above 90% and a median value close to 100%. The range of the 

assessments was smallest for "overall satisfaction with the crown" (84-100), and 

widest for "importance of abutment visibility" (0-100). One and the same patient was 

consistently responsible for the lowest recordings.  

The patients’ high satisfaction with the treatment result in this patient material may be 

attributed to the use of the specially developed abutments for optimizing the esthetic 

results (CeraOne®or CerAdapt® abutments) and the placement of the crown border 

in a submucosal position, whenever possible. Furthermore, the all-ceramic crowns 

used for the majority of the patients are usually regarded as providing better esthetics 

than metal ceramic crowns or acrylic resin crowns. In addition, none of the patients 

had a ridge lap type of the facings or severely over-contoured form of the crown due 

to the positioning problem of the implants.  

On the question regarding preference between function and appearance of the 

implant-supported single-tooth replacement, 62% of the patients marked preference 

for function. Female patients usually expressed preference for appearance, while 

males considered function to be more important than esthetics. Similar observations 
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were reported in other publications (e.g. Neumann et al. 1989, Vallittu et al. 1996, 

Wagner et al. 1996, Carlsson et al. 1998).   

Five of the 29 patients responded positively on the question whether they wanted to 

change something with respect to the appearance of the implant-supported crown, and 

remarked on color, crown rotation, soft tissue recession, lack of interdental papilla or 

difference in appearance in comparison with adjacent teeth. For these 5 patients, the 

"overall satisfaction with appearance" was found to be significantly lower than for the 

remaining group of patients (85% versus 96%, p <0.05).   

In studies attempting to identify factors accounting for the patient’s esthetic 

satisfaction with natural teeth, age, gender and “tooth shade” have been reported to be 

the factors that show the strongest influence on satisfaction with appearance 

(Neumann et al. 1989, Dunn et al. 1996, Vallittu et al. 1996). In the present study on 

single implant-supported crown restorations, none of these factors were found to have 

a significant impact on the patient’s satisfaction with the esthetic outcome of the 

therapy. One reason for this difference could be that, in the studies referred to, the 

patients assessed the dentition in general, while in the present study only the implant-

supported crown was the target for the assessment. 

Professional assessments of esthetics 

The five prosthodontists could correctly locate the single implant-supported crowns at 

the smile view in 89 % of the cases. In patients with a low smile line, 70% of the 

implant-supported crowns were recognized, while the corresponding figure for 

patients with a high smile was 97%. "Satisfaction with appearance" of the implant-

supported crowns in patients with an average or a low smile was rated significantly 

higher than that for patients with a high smile (p <0.01), when the assessment was 

done based on the extra-oral view only.   

The results of the prosthodontists’ assessments performed on the intra-oral views 

revealed lower mean and median values and wider ranges for all variables in 

comparison with those of the patients’ assessments. "Surface texture of the crown" 

was the variable that rendered the highest satisfaction score, while the lowest score 

was obtained for "surrounding soft tissue appearance". With regard to the color of the 

crown, the color of incisal half of the crown rendered a higher degree of satisfaction 

than that of the cervical half of the crown (p <0.001).  
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A multiple regression analysis was applied to evaluate the influence of various 

variables on the "overall satisfaction with appearance” at the intra-oral view. The 

model explained 76% of the variance in "overall satisfaction with appearance" (p 

<0.0001). "Surrounding soft tissue appearance", "form of the crown", "contact point 

position", and "color of the incisal half of the crown" were all found to have a 

statistically significant influence on the "overall satisfaction with appearance". Hence, 

the findings emphasize the significance of the appearance of the cervical part of the 

crown and the surrounding soft tissue in the professional judgment of the esthetic 

outcome of implant therapy. 

Comparison between patients’ and professional assessments 

Three variables addressed by the questions to both patients and dentists could be 

compared: "color", "crown form", and "overall satisfaction with appearance". Box and 

whisker plots of the data (Fig.4) illustrate that, for all three variables, the patients 

displayed higher scores, as well as lower variance, with regard to satisfaction than the 

dentists. This finding may be interpreted to indicate that the dentists are more critical 

and/or place greater emphasis on certain factors in their esthetic evaluation than the 

patients.  

 

Fig. 4. Box and whisker plots of the 3 variables addressed in the questions to both patients 
and dentists. The dentists’ assessment of color represents the mean value for the 
cervical and incisal half of the crown. 
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Study III 

Bone topography 

The mean marginal bone loss at the implants amounted to 0.1 mm at both 5- and 8-

year of follow-up. These figures with respect to peri-implant bone alterations are well 

in agreement with data from other longitudinal studies on the use of Astra Tech ST® 

implants for single tooth replacement (e.g. Palmer et al. 2000, Gotfredsen 2004, 

Norton 2006, Cooper et al. 2007), and demonstrate an excellent long-term 

performance of the implant with regard to maintenance of the marginal bone level.   

The mean bone loss at the tooth sites adjacent to the implants was 0.0 mm at 5 years 

and 0.1 mm at 8 years of follow-up, respectively. The finding of maintained support 

level is important in relation to the esthetic outcome of implant-supported single-tooth 

replacements because loss of marginal bone and periodontal support at the adjacent 

teeth may cause recession of the proximal soft tissue. 

The multiple regression analysis failed to identify significant explanatory factors for 

the observed variance in bone level change at the adjacent teeth during the follow-up 

period (p=0.074). Other studies utilizing single implants with a platform connection 

between implant and abutment reported increased degree of bone loss at the adjacent 

tooth when the horizontal implant-tooth distance decreased (Esposito et al. 1993, 

Henry et al. 1996, Andersson et al. 1995 & 1998, Thilander et al. 2001, Krennmair et 

al. 2003). In these studies it was reported that the bone loss showed large variation 

between subjects and that the recorded bone loss differed significantly between the 

anterior (mean 1.6 mm) and posterior tooth regions (mean 0.4 mm) (Krennmair et al. 

2003). Furthermore, from radiographic examinations of young individuals who 

received their single implant therapy during adolescent, Thilander et al. (2001) 

reported 1.4-2.2 mm bone loss between crown cementation and 10-year follow-up at 

adjacent teeth to single implants placed in incisors position. Esposito et al. (1993) on 

the other hand found that the increased bone loss at adjacent teeth was confined to the 

time period before loading and that no increased bone loss was detected during the 

period of functioning loading. The latter finding is supported by data from a 3-year 

retrospective study of adult subjects (Cardaropoli et al. 2003) and the current study 

showing lack of a relationship between the inter-unit distance and longitudinal 

marginal bone loss at the proximal tooth surface next to an implant. 
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Change in vertical relationship between the single implant and adjacent teeth 

In relation to the single implant, the vertical position of adjacent teeth had changed 

coronally on average 0.1 mm (S.D. 0.2) at 1 year, 0.3 mm (0.3) at 5 years, and 0.4 

mm (0.5) at 8 years. The % frequency of cases showing a coronal shift in position was 

29%, 55%, and 58% at 1, 5 and 8 years, respectively. The magnitude of vertical 

change in the position of the teeth was significantly greater in the incisor compared to 

the premolar tooth region (0.37 vs. 0.19 mm at 5 years, 0.53 vs. 0.15 mm at 8 years), 

but not significantly associated with gender or age. 

Infra-occlusion positioning of the single implant in relation to adjacent teeth has been 

observed in longitudinal studies of adolescents and young adults (Thilander et al. 

1999, 2001), but also in mature adults (Bernard et al. 2004). Similar to ankylotic 

teeth, the osseo-integrated single implant faces the risk to be positioned in infra-

occlusion by time because of continuous eruption of the adjacent teeth and/or facial 

bone growth (Kawanami et al. 1999, Heij et al. 2006). Jemt et al. (2007) reported 

from a 15-year follow-up study that all females and 45 % of males showed vertical 

change of the tooth adjacent to a single implant. Bernard et al. (2004) found that in all 

examined subjects the adjacent teeth to single implants had changed in vertical 

position during a mean follow-up period of 4.2 years, ranging from 0.12 mm to 1.86 

mm. Thilander et al. (1999) observed a mean vertical difference of 0.46 mm after 3 

years and 0.95 mm after 8 years in 10 adolescents with 15 single implants in incisor 

position. The reason for the less frequent and smaller magnitude of vertical change 

observed in the current study may be due to the fact that single implants in premolar 

position were included, while the studies referred to were limited to single implants in 

anterior region, i.e., canine to canine (Bernard et al. 2004, Jemt et al. 2007) or only 

incisors (Thilander et al. 1999). In fact, in the current study more pronounced vertical 

change of adjacent teeth was observed in incisor than premolar position (0.4 mm vs. 

0.2 mm at 5-year follow-up, 0.5 mm vs. 0.2 mm at 8-year follow-up).  

The binary logistic regression analysis of factors with potential relationship to the 

presence of a vertical change of adjacent tooth relative the single implant at 5 years 

revealed that presence of infra-occlusion of the implant restoration was more common 

in incisor position (OR=8.7; p=0.025), while gender and age showed no significant 

association. Jemt et al. (2007) found a higher incidence of infra-occlusion in females 

than males, and this was suggested to be due to a greater increase of anterior face 
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height and posterior rotation of the mandible in the female group. The mean age of the 

subjects in our study was 40 years (S.D. 12.6, range 19-71) at the time of implant 

placement, compared to 25.4 years (S.D. 10) in the study by Jemt et al. (2007). Hence, 

because of a higher age of our patient material, increase of anterior face height and 

posterior rotation of the mandible potentially affecting the vertical change in the 

female group might be less likely, and may explain the difference in frequency and 

amount of the vertical change in the current study in comparison to studies including 

adolescents or young adults (Thilander et al. 1999, Bernard et al. 2004, Jemt et al. 

2007). 

 

Study IV 

Bone topography 

Tooth/implant units 

The mean marginal bone loss at the tooth and implant during the 5-year follow-up 

period was 0.1 mm (95% CI -0.26/-0.02) and 0.4 mm (95% CI -0.84/-0.09), 

respectively. The mid-proximal bone crest level showed a mean apical displacement of 

0.2 mm (95% CI -0.26/-0.07). The most coronal proximal bone level was always found 

adjacent to the tooth. Multiple regression model formulated to explore potential effects 

of various variables (bone level change at implant, horizontal and vertical tooth-

implant distances) on the 5-year bone level alteration at the tooth failed to reach 

statistical significance (p=0.61). 

Since the patients involved in the current study had all been edentulous in the area for 

implant therapy for a period of at least one year, it is unlikely that the marginal bone 

remodeling that can be expected to take place following extraction of a tooth (Schropp 

et al. 2003) has had a significant effect on observed bone alterations at the implants 

and the adjacent tooth. Furthermore, all patients were throughout the period of 

monitoring enrolled in an individually designed supportive periodontal therapy 

program (Lang & Lindhe 2003) that called for examination of the teeth, the implants 

and the surrounding soft tissues once every 4-6 months, and all patients showed low 

plaque and soft tissue inflammation scores at the follow-up examinations (Wennström 

et al. 2004). 
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A few previous studies (Esposito et al. 1993, Andersson et al. 1998) reported increased 

bone loss at the tooth with decreased distance to the implant, however this loss was 

confined to the time period between implant placement and crown placement, and no 

further loss was observed during the subsequent follow-up period. Also data reported 

from a 3-year retrospective study by Cardaropoli et al. (2003) support the 

interpretation of a lack of a relationship between the inter-unit distance and 

longitudinal marginal bone loss at the proximal tooth surface next to an implant.  

Implant/implant units 

The mean 5-year bone level change amounted to -0.5 mm (95% CI -0.81/-0.17) at the 

implants and -0.3 mm (95% CI -0.47/-0.17) at the mid-proximal bone crest. Multiple 

regression analysis explained 24 % of the variance in the 5-year mid-proximal bone 

crest change, and revealed that peri-implant bone level change (p <0.001) and the 

horizontal inter-implant distance (p <0.05) significantly influenced the outcome 

variable.  

Sub-analysis according to inter-unit distance identified a borderline at 2 mm with 

respect to loss in height in bone crest level; 0.7 mm (S.D. 0.8) mean loss in mid-

proximal bone crest height for units with <2 mm inter-unit distance compared to 0.2 

mm (0.3) for sites with ≥2 mm inter-unit distance. The finding partly corroborates 

observations reported in studies related to the use of implants with a platform 

abutment connection (Tarnow et al. 2000, Cardaropoli et al. 2003) suggesting a 

borderline at 3 mm inter-implant distance for more advanced loss in bone crest height, 

but also indicates that the use of a conical seal designed implant/abutment interface 

may allow a closer placement of two adjacent implants without altered risk for 

reduced proximal bone crest level (following prosthesis insertion). Other features of 

the marginal portion of the implant, e.g. surface modifications/roughness (Hansson & 

Norton 1999) and micro-threading (Hansson 1999, Palmer et al. 2000, Shin et al. 

2006), may also be of significance for maintenance of the peri-implant bone level and 

minimal bone crest resorption. The implants used in the current study, however, were 

not designed with microthreading. In this context also the position of the 

implant/abutment junction in relation to the surrounding bone level at implant 

placement must be taken into consideration (Berglundh et al. 2005).  
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Study V 

The data describing the soft tissue conditions revealed that the frequency of bleeding 

on probing was low throughout the observation period, although an increase in the 

frequency was observed for proximal tissue units at the 3-year follow-up examination 

(12-19%). The probing depths at the implants showed only minor alterations during 

the observation period. In comparison to the adjacent teeth, the implants showed at 3 

years statistically significantly deeper probing depths and a greater thickness of the 

facial mucosa.  

Soft tissue assessments 

After completion of the implant placement surgery, the mean soft tissue height 

assessed from the implant/abutment level varied between 2.5-2.8 mm for the various 

sites. At facial implant sites, the soft tissue height showed a statistically significant 

decrease over the first 6 months (mean 0.6 mm), whereas at proximal sites a 

significantly increased height was observed at tooth-facing sites (mean 1.1 mm) but no 

change at implant-facing sites. Between 6 months (placement of the permanent FPD) 

and 3 years no significant changes in the soft tissue level at facial and proximal sites 

were observed. The findings are partly contradictory to observations made in a 

prospective study by Small & Tarnow (2000), in which a mean recession of 0.5-0.8 

mm at proximal sites 6 months after implant placement/abutment connection surgery 

was reported. However, the studies are difficult to compare since in the study by Small 

& Tarnow (2000), tooth-facing and implant-facing sites were not analyzed separately 

and patients with fixed as well as removable prostheses were included. With regard to 

changes in the soft tissue height at facial implant sites, a similar magnitude of peri-

implant marginal soft tissue recession was reported after crown installation in studies 

that used a two-stage surgical protocol for implant placement and prosthesis delivery 

about 1 months after the second stage surgery for abutment connection (Bengazi et al. 

1996, Grunder 2000, Small & Tarnow 2000, Cardaropoli et al. 2006, Study I). Hence, 

these findings indicate that the change in the facial position of the soft tissue margin is 

primarily related to the healing phase following the surgical intervention, and likely 

the result of a modeling process of the peri-implant soft tissues for its adaptation to 

adequate biological dimensions in accord to the concept of “biological width” 

(Berglundh & Lindhe 1996, Cochran et al. 1997) and the thickness of the supracrestal 

mucosa (Bengazi et al. 1996, Cardaropoli et al. 2006). 
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At proximal sites, the soft tissue height increased at tooth-facing sites (mean 1.1 mm) 

during the time interval from implant placement surgery to 6-month follow-up, but no 

significant change was observed at implant-facing sites. Furthermore, regression 

analysis revealed that the proximal bone crest level influenced the proximal soft tissue 

height assessed from the implant/abutment level at 6 months (p<0.001). Taking into 

account that at 6 months the proximal bone crest was located 0.7 mm apical to the 

implant/abutment level, the mean supra-crestal height of the soft tissue amounted to 

3.4 mm in the inter-implant site, and subsequent to the placement of the definitive FPD 

at 6 months no further significant alterations in soft tissue dimension was observed. A 

similar mean dimension of the supra-crestal soft tissue at inter-implant sites (3.1-3.4 

mm) was reported by Tarnow et al. (2003) and Lee et al. (2006) based on transmucosal 

probing assessments (“sounding”).  

The Papilla index scorings revealed limited alterations in the distribution of the various 

scores between 6 months and 3 years. A slight reduction in score 1 was observed 

during the observation period at both tooth/implant and inter-implant units, but 

comparatively few units showed complete papilla fill (score 3) at 3 years (about 20% 

of tooth/implant sites and <10% of inter-implant sites). Previous reports on single-

tooth replacements (e.g. Jemt 1997, Choquet et al. 2001, Cardaropoli et al. 2006) 

showed an improved papilla fill after crown placement (about 1 month following 

abutment surgery). Taken together with our findings of gain in proximal soft tissue 

height mainly during the early phase of healing after the 1-stage implant placement 

surgery, the observations indicate that the topography of the proximal soft tissue in 

most cases might establish its final outline within an interval of 6 months. In this 

context it should however also be acknowledged that the patient included in our study 

showed various degree of attachment loss at the neighboring teeth, and were instructed 

to use interproximal brushes for daily cleaning, which may have contributed to the low 

prevalence of proximal sites with complete soft tissue fill.  

Radiographic bone level assessments 

Immediately following implant placement the proximal bone crest was on average 

even with the implant/abutment level at inter-implant units, and 1.6 mm coronal to the 

reference at tooth/implant units. At the 3-year follow-up examination, the height of the 

proximal bone crest was maintained more or less unaltered at tooth/implant units, 
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while a mean loss in height of 0.6 mm was observed at inter-implant units, and 

confined to the first 6 months after implant placement. The multivariate analysis 

revealed horizontal inter-unit distance and peri-implant bone level change as 

significant explanatory factors for loss in proximal bone crest level over the 3 years. 

The findings with regard to bone crest changes in the current study are in large in line 

with observations previously reported in the literature. Cardaropoli et al. (2003) 

reported on marginal bone alterations following a 2-stage implant placement surgical 

procedure and made radiographic assessments from the time of abutment connection to 

3 years of follow-up. They found a mean bone crest reduction of 0.5 mm at inter-

implant units compared to 0.3 mm at tooth/implant units, and that the degree of loss in 

bone crest height was significantly associated with reduced horizontal distance 

between two implants but not between implant and tooth. From a cross-sectional study 

of the height of the inter-implant bone crest in relation to the inter-implant distance, 

Tarnow et al. (2000) reported a lower height of the bone crest in areas with an inter-

implant distance of ≤3 mm as compared to areas with >3 mm between the implants, 

and suggested that this difference may be the result of lateral bone loss at the implants. 

With respect to tooth/implant units, studies on single-tooth replacements in the anterior 

maxilla utilizing machined Brånemark implants (Esposito et al. 1993, Andersson et al. 

1998, Thilander et al. 2001) reported an increased bone loss at the adjacent tooth with 

reduced distance between the implant and the tooth. However, Cardaropoli et al. 

(2003) could not verify such a relationship for tooth/implant units in a 3-year study of 

implant-supported fixed partial dentures, in which the baseline was defined as the time 

of prosthesis placement. 
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MAIN CONCLUSIONS 

• Only minor differences in crown form between implant-supported single-tooth 

replacements and contra-lateral natural teeth were found, whereas the topography 

and appearance of the periodontal/peri-impant soft tissues showed pertinent 

differences. However, despite observed differences in the outline of the soft tissue 

margin, the patients’ appreciation of the esthetic outcome of the implant therapy 

was rated high (Study I).   

• The appreciation of the esthetic outcome of the implant-supported single-tooth 

replacements was rated higher by patients than by prosthodontists. Factors often 

considered by professionals to be of significance for the esthetic result of 

restorative therapy may not be of decisive importance for the patients´s 

satisfaction (Study II).  

• The marginal bone level at teeth adjacent to single implants with a micro-threaded 

conical portion was not influenced by horizontal and vertical tooth-implant 

distances. Continuous eruption of adjacent teeth may result in infra-occlusal 

positioning of a single implant restoration (Study III).  

• Loss in height of the mid-proximal bone crest in inter-implant areas was 

influenced by the bone loss at the two bordering implants and the horizontal inter-

unit distance, while no such relationships were evident for the proximal area 

between implant and tooth (Study IV).  

• Soft and hard tissue alterations occurred predominately during the first 6 months 

following 1-stage implant placement surgery. Presence of a tooth next to the 

implant positively affected the maintenance of the proximal bone crest level and 

the topography of the inter-unit soft tissues. At the proximal site between two 

implants, reduced distance between the implants and peri-implant bone loss 

negatively affected the maintenance of the proximal bone crest level and thereby 

the height of the soft tissues (Study V).  
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CONCLUDING REMARKS 
 
Since the patients’ satisfaction with the esthetic outcome of the implant therapy 

evaluated in the present studies was very high, observed differences in clinical crown 

height and soft tissue topography in relation to the contra-lateral natural tooth could, 

in most patients, be considered to be of minor importance for his/her appreciation of 

the esthetic outcome of the restorative treatment. In the professional judgment of the 

esthetic outcome, on the other hand, these factors were found be of significance. 

These observations suggest that evaluations of the esthetic outcome of restorative 

therapies should be focused on assessments made by the patients rather than 

professionals, since factors often considered by professionals to be of significance for 

the esthetic results of restorative therapy may not be of decisive importance for the 

patients’ satisfaction. 

Considering that continuous eruption of the teeth adjacent to a single implant 

restoration, particularly in the anterior part of the jaws, may result in infra-occlusal 

positioning of the implant-supported crown, it is important to inform the patient about 

the risk of a future esthetic complication. 

In relation to the esthetic outcome, the presence of a tooth next to the implant 

positively affects the maintenance of the proximal bone crest level and the topography 

of the inter-unit soft tissues both at single implant-supported restorations and tooth-

implant units of multi-implant supported reconstruction. In the proximal area between 

two implants the bone crest serves as a foundation for the soft tissues, and to preserve 

optimal bone height, implants should be placed with adequate inter-implant distance.  

From an esthetic perspective, knowledge about the biology of the peri-implant tissues 

is crucial. As potential factors influencing the soft tissue topography, facio-lingual 

dimensions of the peri-implant tissues i.e., the thickness of facial soft tissues and bone 

crest as well as implant dimension and design should be considered in future research.  
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APPENDIX   I 
  
 
Questionnaire presented to the patients 
 
Place a mark (X) on the line that best indicates how you felt. 
  
 
 
1)  How satisfied are you with the form of your implant-supported crown ? 
 
 
Not at all satisfied                                                                               Completely satisfied 

 
  
2)  How satisfied are you with the color of your implant-supported crown ? 
 
 
Not at all satisfied  Completely satisfied 

 
  
3) How satisfied are you with your smile after having the implant-supported crown? 
 
 
Not at all satisfied  Completely satisfied 

 
  
4)  How satisfied are you with the appearance of your implant-supported crown in 

comparison to your contralateral natural teeth ? 
 
 
Not at all satisfied  Completely satisfied 

 
  
5)  How satisfied are you with the appearance of your implant-supported crown? 
 
 
Not at all satisfied  Completely satisfied 

 
  
6)  How much would you object (concern) if the abutment metal does show?  
 
 
Not at all important                                                                              Very important 
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7) What is the more important to you between optimum esthetics and optimum health 
potential ?  
__  Optimum esthetics 
__  Optimum health potential 

 
  
8) How satisfied are you generally with your implant supported crown ?  
 
 
Not at all satisfied  Completely satisfied 

 
  
9) Would you like to change anything about your implant-supported crown? 

__  Yes, If so, what?  ________________________________ 
__  No 
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Esthetic evaluation form presented to the dentists 
 
 
Place a mark (X) on the line that best indicates how you assessed. 
 
 
Smile view 

1) Which tooth do you think is replaced by an implant-supported crown(s)?  ______ 
  
 
 
2) How satisfied are you with the appearance of the patient’s implant-supported crown?  
 
 
Not at all satisfied   Completely satisfied 

 
 

Intra-oral view 
 

Crown 
 
3) Color of cervical half; Harmonious in comparison with adjacent teeth and the  
 contralateral tooth  
 
 
Not at all satisfied   Completely satisfied 

 

4) Color of incisal half; Harmonious in comparison with adjacent teeth and the contralateral  
 tooth       
 
 
Not at all satisfied   Completely satisfied 

 

5) Form; Harmonious in comparison with adjacent teeth and the contralateral tooth     

  
 
Not at all satisfied   Completely satisfied 
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6) Texture of the reflecting surface; Harmonious in comparison with adjacent teeth and the 
contralateral tooth  

 
 
Not at all satisfied   Completely satisfied 

 

7) Contact point position; Contact properly positioned 
 
 
Not at all satisfied   Completely satisfied 
  
 

 

Soft tissues 
 
8)  Soft tissue appearance; Harmonious in comparison with adjacent teeth and the 

contralateral tooth 
  
 
Not at all satisfied                                                                    Completely satisfied 
 

9) How satisfied are you with the appearance of the patient’s implant supported crown?  
 
 
Not at all satisfied   Completely satisfied 
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