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ABSTRACT 

STATEMENT OF PROBLEM. Successful implant treatment requires a favorable biological 

response of living tissues to a foreign material. Even with a favorable pre-surgical evaluation, 

negative changes such as crestal bone loss can occur after the implant is placed, which can result 

in an esthetic failure. Controlling crestal bone loss around an implant placed adjacent to a natural 

tooth or to another implant represents an important challenge for present day prosthodontics. 

Guidelines on the distance between an implant and a natural tooth or another implant have been 

published as being an important factor in proximal bone preservation. 

 

PURPOSE. The purpose of this study was to retrospectively evaluate pre-treatment and post-

treatment proximal bone levels of  a single tooth, plateau-designed, press fit implants (Bicon®)  

utilizing a locking tapered, implant to abutment connection adjacent to a natural teeth and to a 

plateau design Bicon® implants. The bone levels were evaluated separately for those implants 

that were closer to a natural tooth or to another implant than the recommended guidelines. Bone 

levels were also measured on mesial and distal surfaces of all implants as well as the crestal bone 

levels between 2 implants. The relationship between implant spacing and crestal bone levels was 

to be determined. 

 

MATERIAL AND METHODS. A retrospective cohort study was designed to evaluate pre-

treatment and post-treatment proximal bone levels of a single tooth, plateau-designed, press fit 

implants (Bicon®)  utilizing a locking tapered, implant to abutment connection adjacent to a 

natural teeth and to a plateau design Bicon® implants. The cohort was derived from patients who 

received 1 or more single tooth, plateau-designed, press fit implants between 1995 and 2005. One 

hundred and sixty-nine implants with 338 proximal surfaces were included in this study. Of the 

338 proximal surfaces, 120 were adjacent to a natural tooth, 192 were adjacent to an implant, and 

the remaining 26 surfaces were adjacent to an edentulous area. The mean follow-up time was 4 ± 

2.3 years. Bone levels and changes in bone levels over time were determined by direct 

measurement of non-standardized digital periapical radiographs. All measurements were made by 

using a software measuring tool (DIGORA; Soredex, Tuusula, Finland) at ×3.0 magnification. 

Student T-tests were used to evaluate the statistical significance between pre-treatment and post-

treatment proximal bone levels of natural teeth adjacent to implants. Level of significance was set 

to alpha 0.05. Descriptive statistics were used to report bone levels on implants adjacent to a 

natural tooth, another implant, or an edentulous area, as well as the crestal bone levels between 2 

implants. 

 

RESULTS. There was no significant difference (P=0.25) between pre-treatment proximal bone 

levels and post-treatment proximal bone levels on a single tooth, plateau-designed, press fit 

implants (Bicon®)  utilizing a locking tapered, implant to abutment connection adjacent to a 

natural teeth and plateau design Bicon® implants. 

 

CONCLUSIONS. Bone levels on implant surfaces adjacent to another implant and bone levels 

on natural teeth adjacent to implants can be expected to remain unchanged post-treatment when a 

single tooth, plateau-designed, press fit implant is placed closer than the recommended distance 

away from the natural tooth or to another implant.
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INTRODUCTION 

From a historical perspective, osseointegrated root-form dental implants were 

primarily used to treat completely edentulous patients.
1
 Emphasis was placed on 

improving function for these patients, while esthetic requirements assumed a lesser 

position of importance. As a result, esthetics was often compromised due to an 

unfavorable implant location as well as poor soft and hard tissue management. As 

implant dentistry evolved, partially edentulous patients began seeking replacement of 

individual teeth in the esthetic zone with an expectation of a natural appearance. 

The transition from primarily treating completely edentulous patients who are 

interested in an improvement in function, to partially edentulous patients with esthetic 

demands, has created a number of challenges for present day prosthodontics. One of the 

most important of these challenges is how to control or manage crestal bone loss around 

an implant after the abutment has been placed. Crestal bone loss has been documented 

around the perimucosal portion of dental implants and can range from minimal bone loss 

to complete failure of the implant.
2,3
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LITERATURE REVIEW 

Crestal bone loss is frequently correlated to implant failure.
4
 Problems associated 

with implant failure are often related to biomechanical factors, rather than biological 

ones.
4
 Crestal bone loss, with an accompanying loss of the interdental papilla, has the 

potential to change a pleasing esthetic result in the anterior region into an esthetic failure. 

Adell
1 

conducted a 15 year study of osseointegrated implants and reported that a 

greater magnitude of bone loss occurred during the first year than in following years. 

However, it is important to note that bone loss was measured from the first thread of the 

implant and not from the top of the implant in this study. 

Many theories have been proposed to explain crestal bone loss. Branemark
5
 was 

one of the first to document crestal bone loss. He reported that marginal crestal bone loss 

during the first year after abutment placement was ≥1.5 mm. He speculated that this 

change was a response to  surgical trauma. He also reported that following the initial loss 

of crestal bone, a steady state of bone loss of 0.1 mm per year could be expected. Others 

have confirmed these findings and have contributed additional knowledge in this area. 

Quirynen
6
 found that an average of 0.93 mm of bone loss occurred during the first year, 

with a range of 0.4 to 1.6 mm and a mean loss of 0.1 mm per year subsequently. Cox
7 

reported crestal bone loss of ≤ 1.6 mm during the first year after implant loading. Avivi-

Arber
8
 stated that after the first year, bone loss will be 0.22 mm per year. 

Most root-form osseointegrated implants are placed at the level of the crest or 

submerged in the bone. Many surgical protocols recommend the placement of endosteal 

implants at or below the crest of the bone during the first stage surgery and observe bone 

loss following second stage surgery.
9
 A 2 stage surgical protocol is recommended to 
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decrease the movement of the implant and subsequent crestal bone loss.
10

 Berglundh
10

 

has shown that 0.5 mm of bone loss can occur below the implant-abutment connection 

within 2 weeks after second stage surgery and abutment connection in dogs.
2
 This may be 

attributed to surgical trauma. A period of 3 to 6 months should be allowed for 

osseointegration to occur before loading an implant.
5 
 

Implant designs that use a screw-retained abutment are the most prone to develop 

crestal bone loss during the first year of function.
1
 This type of abutment to implant 

connection results in a micro gap between the abutment and implant. The presence of this 

micro gap has been implicated as a cause of crestal bone loss observed during this first 

year of function.
11,12

  

A radiographic study by Hermann
13 

noted that there was vertical crestal bone loss 

associated with the presence of a micro gap. He reported that the vertical bone loss from 

the abutment-implant connection in 2-piece implant systems averaged 2 mm. 

An interesting study by Assenza
14 

suggests that crestal bone loss is relative to the 

location of the micro gap. Implants placed above the crestal bone, at the level of the 

crestal bone, and submerged in the bone, all lost bone to the first thread of the implant. 

Although crestal bone loss can be prevented by moving the micro gap away from the 

bone by approximately 2 mm, implants in an esthetic area zone need to be submerged to 

have the height to develop proper tooth contours. Implant manufactures have addressed 

this problem by fabricating ‘one stage’ implants which move the micro gap away from 

the bone; however, these  implants are difficult to use in the esthetic zone.
15

  

King
12 

and Hermann
13

 evaluated the influence of the size of the micro gap on 

crestal bone loss. In both studies, 60 implants were placed in edentulous mandibles of 5 
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foxhound dogs 1 mm above the alveolar crest. The implants were subdivided into groups 

with micro gaps of <10 µm, 50 µm, or 100 µm. The major difference between these 

studies was that abutments and implants were welded together in one study and in the 

other non-welded. Both authors concluded that significant crestal bone loss occurs in 2-

piece non-welded implants, regardless of micro gap size. Others suggest that it is the 

micro-motion between the abutment and implant followed by bacterial colonization of 

the micro gap that causes the bone loss.
16

  

Misch
17

 suggests the stress concentration at the crestal bone area is the cause for 

this bone loss. A healthy implant to bone contact will permit an adequate stress 

transmission and avoid a pathologic overload. The distribution of stress occurs when 

bone is in direct contact with the implant and the proper stress distribution is an important 

factor in maintaining marginal crestal bone level.
1,18

 Stress concentration at the bone-

implant interface may result in early implant failure. Stress transmitted from the implant 

to the bone without any appreciable movement requires a close approximation of the 

implant into the bone. If stress transmitted to the bone is too strong, a micro-movement 

could develop, leading to a loss of osseointegration.
19

  

Recently, the idea of platform switching as a mean of preventing crestal bone loss 

has been advocated.
20

 Platform switching is a concept in which the abutment is narrower 

than the implant, creating a step in the geometry of the implant-abutment connection. 

Platform switching to prevent crestal bone loss supports the theory advocated by Misch
17

 

who believes stress concentration is the cause of bone loss. It has been reported that when 

the abutment is narrower than the implant, less stress is transmitted to the crestal bone 

than with conventionally shaped abutments.
21

 These theories have not been proven to be 
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true and further investigation into the cause of crestal bone loss associated with a micro 

gap needs to be accomplished. 

James
22 

was the first to conduct a study investigating the biological space of 

dental implants. He suggested that hemidesmosomes help to create a structure that can act 

as a biological seal around implants. Tarnow
23

 also believes that the implant-abutment 

complex develops a biologic width similar to that of a natural tooth. On the other hand, 

McKinney
24

 stated that collagenous components cannot physiologically adhere to or 

become embedded into the implant body as they do in the cementum of a tooth. 

The biologic width described for implants is related to the sulcus depth, whereas 

the biologic width for natural teeth is related to the height of the combined connective 

tissue-epithelial attachment.
25

 Another difference between natural dentition and implants 

is the number of gingival fibers observed. In a natural dentition there are about 11 fibers 

compared to only 2 present with implants.
26

 These types of fibers, which are not 

periodontal, do not insert into the implant body below the  implant-abutment as they do 

into the cementum of the natural teeth;
26

 therefore, the theory that an implant develops a 

biological width similar to that of a tooth, resulting in crestal bone loss may be 

questionable. 

Bone density plays an important role in dental implants as it provides mechanical 

stabilization during osseointegration and it allows a better distribution and transmission 

of stress from the implant to the bone interface.
27

 Bone density is also an important factor 

to consider when selecting implant design, surgical technique, and timing for 

osseointegration, and loading.
27 
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Bone density is correlated to the prognosis of dental implant survival. The density 

of the bone relates to the amount of bone contact at the interface which can determine the 

predictability of the implant loading protocol.
28

 Success rate of dental implants will vary 

based on the intraoral location, with those placed in the anterior region of the mandible 

having higher success rates than those placed in the posterior area of the maxilla. Studies 

have suggested that the difference may be related to the quality of bone in different 

anatomical areas.
1,29-31  

In describing the surgical procedure associated with mandibular fixed detachable 

complete dentures, Adell
1
 indicated the ideal distance between 2 implant sites was 3.5 

mm, the equivalent of an implant diameter at that time. In a diagram showing the 

relationship between adjacent natural teeth and implant fixed partial dentures, Hobo
32

 

recommended a minimum distance of 3 mm between 2 implants or between an implant 

and natural tooth. 

Based on these recommendations, practitioners have commonly placed 4 mm 

diameter implants with a 7 mm distance between their centers, thereby preserving 3 mm 

of bone between the implants. In order to achieve a 7 mm distance from the center of 1 

implant to the next, implant surgical positioning guides were developed.
33

  

Tarnow
23

 evaluated 36 adjacent pairs of implants which were placed in 1 of 2 

groups for a period of 3 years. Group 1 included implant pairs that were separated by 

more than 3 mm, while group 2 included implant pairs that were separated by less than 3 

mm. He reported that the average radiographic bone loss from the edge of the implant-

abutment connection was 1.5 mm. Those implants separated by more than 3 mm had 

crestal bone loss of 0.45 mm, while those implants separated by less than 3 mm had 
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crestal bone loss of 1.04 mm. As a result, Tarnow
23

 recommended that implants not be 

placed closer than 3 mm to each other to minimize crestal bone loss.  

Tarnow
23,25

 and Hermann
13

 quantified crestal bone changes that can occur after 

abutment connection. From their results, crestal bone changes after abutment connection 

during the first year of function can be summarized as follows: 1.5 mm of lateral bone 

loss from the edge of the abutment-implant connection and 2 mm of vertical bone loss 

from the abutment-implant connection. For implants placed in the esthetic zone, this 

crestal bone loss may result in an unfavorable soft tissue change. The risk increases when 

adjacent implants are placed closer together than the recommended guidelines. 

 Another important consideration is how the micro gap influences bone levels on 

teeth adjacent to implants. Esposito
34

 radiographically evaluated marginal bone loss on 

tooth surfaces adjacent to an implant. With 71 implants evaluated over 3 years, the 

average bone loss associated with anterior teeth was 1.4 ± 1.5 mm. The authors stated 

that there was a strong correlation between marginal bone loss around a tooth adjacent to 

an implant and the horizontal distance between the implant and tooth. 

Krennmair
35

 also documented the influence of the horizontal distance between 

implants and teeth as it relates to proximal bone loss. In this study, the average bone loss 

associated with anterior teeth was 1.6 ± 1 mm when the horizontal distance between the 

tooth and implant in the anterior region was 1.5 ± 0.6 mm. In the posterior region, the 

average bone loss was only 0.4 ± 0.3 mm when the average horizontal distance between 

the tooth and implant was 2.8 ± 0.8 mm. 

Based on the results of these studies,
13,23,25,34,35

 there is a higher risk of crestal and 

proximal bone loss around the implant and natural tooth the closer the implant is placed 
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to the tooth. This is the basis for guidelines that have been developed for implant 

placement. Saadoun
36 

recommends that there should be 1.5 to 2 mm of lateral space 

between an implant and a tooth and 3 to 3.5 mm of lateral space between implants. If the 

teeth to be replaced are the 2 central incisors, the distance between the two implants 

should be greater, 4 to 4.5 mm. It was also suggested to use smaller diameter implants or 

fewer implants in the esthetic zone when the spacing is not available. The rational for this 

suggestion is that when the bone is thin there will be a tendency for bone resorption to 

occur until it reaches a point of adequate thickness, which will be more apical. The 

authors explain that it is important to respect the biological space in order to obtain 

moldable interproximal soft tissues and the formation of acceptable papillae. 

Maintenance of crestal and marginal bone around implants and teeth is necessary if 

interdental papillae are to retain proper form and contour. 

Gestaldo
37 

studied the effect of the vertical and horizontal distances between 

implants and between implants and teeth on the presence of the interdental papilla. This 

study evaluated the interproximal area both mesial-distally and apical-coronally in 

relation to 176 inter-proximal surfaces and found that when the vertical distance between 

the contact point and the bone crest was 3 to 5 mm, and the horizontal distance was 3, 

3.5, or 4 mm, the papilla was present in each instance. When the horizontal distance was 

less than 3 mm, the papilla was absent regardless of the vertical distance between the 

contact point and the bone crest. Crestal bone loss around an implant most notably affects 

the esthetics due to the loss of the interdental papilla and creates problems in developing 

a proper emergence profile for the restoration.
38
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Hatley
39

 investigated the effects of implant proximity on inter-implant bone 

height in rabbits by separating the implants by 1, 1.5, and 3 mm. The implants remained 

uncovered and a second stage surgery was not completed, thereby avoiding a micro gap. 

Since there was no bone loss, the study questioned the vascularity theory for crestal bone 

loss which hypothesized that the proximity of the implants could limit the amount of inter 

implant bone and compromise the inter-osseous tissue vascularity. 

An implant system (Bicon; Bicon Inc, Boston, Mass) is available that incorporates 

a bacterially-sealed, 3 degree locking taper, implant to abutment connection, rather than a 

screw connection with a micro gap (Fig. 1). The high frictional force created by the 

locking taper breaks down the titanium oxide layers and the metals are fused together in a 

cold weld, resulting in the absence of a micro gap between the implant and the 

abutment.
40

 This system also has a sloping shoulder, which allows for more bone at the 

crest compared to a straight or flared implant. 
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PURPOSE 

The purpose of this study was to retrospectively evaluate pre-treatment and post-

treatment proximal bone levels of a single tooth, plateau-designed, press fit implants 

(Bicon®)  utilizing a locking tapered, implant to abutment connection adjacent to a 

natural teeth and  to a plateau design Bicon® implants. The bone levels were evaluated 

separately for those implants that were closer to a natural tooth or another implant than 

the recommended guidelines. Bone levels were also measured on mesial and distal 

surfaces of all implants as well as the crestal bone levels between 2 implants. The 

relationship between implant spacing and crestal bone levels will be determined. 

 

HYPOTHESIS 

Null Hypothesis (H0) 

There will be no significant difference in pre-treatment and post-treatment 

proximal bone levels of a single tooth, plateau-designed, press fit implants (Bicon®)  

utilizing a locking tapered, implant to abutment connection adjacent to a natural teeth and 

to a plateau design Bicon® implants, regardless of whether the implant is placed closer or 

not than the recommended distance away from the natural tooth or to another implant 

(Bicon®). 
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Alternative Hypothesis (H1) 

There will be a significant difference in pre-treatment and post-treatment 

proximal bone levels of a single tooth, plateau-designed, press fit implants (Bicon®)  

utilizing a locking tapered, implant to abutment connection adjacent to a natural teeth and 

to a plateau design Bicon® implants, regardless of whether the implant is placed closer or 

not than the recommended distance away from the natural tooth or to another implant 

(Bicon®). 
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MATERIAL AND METHODS 

A retrospective cohort study was designed to evaluate pre-treatment and post-

treatment proximal bone levels of a single tooth, plateau-designed, press fit implants 

(Bicon®)  utilizing a locking tapered, implant to abutment connection adjacent to a 

natural teeth and to a plateau design Bicon® implants, as well as to measure bone levels 

on mesial and distal surfaces of all implants and the crestal bone levels between 2 

implants. The relationship between implant spacing and bone levels was also to be 

evaluated. The cohort was derived from patients who received 1 or more single tooth, 

plateau-designed, press fit implants (Bicon; Bicon Inc) (Fig. 1) placed and restored by 

clinicians at the Implant Dentistry Centre in Boston between 1995 and 2005. 

One hundred and sixty-nine implants with 338 proximal surfaces were included in 

this study. Of the 338 proximal surfaces, 120 were adjacent to a natural tooth, 192 were 

adjacent to an implant, and the remaining 26 surfaces were adjacent to an edentulous 

area. The mean follow-up time was 4 ± 2.3 years. Radiographs with gross distortion, poor 

contrast, and displaying poor definition of the implant and bone levels were eliminated 

from the study. 

A chart review was conducted to obtain digital periapical radiographs which 

could be analyzed to measure bone levels on implants and natural teeth. All radiographs 

were made using the paralleling technique. The following information was gathered by 

chart review and recorded in a spreadsheet (Excel, Microsoft Office 2003; Microsoft 

Corp, Redmond, Wash): 

 Implant supported crown tooth number 

 Structure adjacent to mesial and distal surface of implant (tooth, implant, nothing) 
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 Implant diameter and length 

 Implant staging (immediate or delayed placement) 

 Date of implant placement 

 Date of pre-treatment and post-treatment radiographs 

 

Bone levels and changes in bone levels over time were determined by direct 

measurement of non-standardized digital periapical radiographs. All measurements were 

made by using a software measuring tool (DIGORA; Soredex, Tuusula, Finland) at ×3.0 

magnification. Measurements were recorded to the nearest 0.1 mm. 

Vertical distortion in the radiograph was determined by measuring the length of 

the implant on the radiograph and subtracting the actual length. This resulted in a positive 

or negative number which was divided by the actual length of the implant and multiplied 

by 100 to establish the percent of vertical distortion. All vertical measurements were 

adjusted for each individual film by first calculating the percent vertical distortion that 

was present in the film (Fig. 2). 

The same method was used to determine the horizontal distortion. The width of 

the implant was measured on the radiograph and then the actual width was subtracted 

resulting in a positive or negative number. This number was divided by the actual width 

of the implant and multiplied by 100 to establish the percent horizontal distortion for each 

film. All horizontal measurements were converted using the percent horizontal distortion 

established for each film (Fig. 2). 

 Measurements were made of the following areas of interest: 
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A. Horizontal distance between the implant and a natural tooth or another implant 

(Figs. 3 and 4) 

B. Bone level on the implant surface (Figs. 3, 4, and 5) 

C. Proximal bone levels on a natural tooth from the cemento-enamel junction (CEJ) 

to the crest of bone (Fig. 3) 

D. Crestal bone level between 2 implants (Fig.4) 

 

 Student T-tests were used to evaluate the statistical significance between pre-

treatment and post-treatment proximal bone levels of implants adjacent to a  natural teeth 

and to implants. Level of significance was set to alpha 0.05. Descriptive statistics were 

used to report bone levels on implants adjacent to a natural tooth, another implant, or an 

edentulous area, as well as the crestal bone levels between 2 implants.  
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Figure 1. Dental implants with locking taper abutments. 

 

 

 

Figure 2. Vertical and horizontal radiographic implant measurements. 
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Figure 3. Measurements made between an implant and natural tooth. 

 
 

Figure 4. Measurements made between adjacent implants.
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Figure 5. Measurements made on an implant adjacent to an edentulous area. 

 



18 

 

RESULTS 

 Table I summarizes the results for all implant surfaces. The average distance 

between an implant surface and a natural tooth was 2.6 ± 1.7 mm. Bone levels on the 

implant were located 0.4 ± 0.4 mm from the top of the implant down on the sloping 

shoulder. The location of the proximal bone on the tooth surface from the CEJ was 2.1 ± 

1.4 mm pre-treatment and 2.2 ± 1.6 mm post-treatment. There was no significant 

difference (P=0.25) between pre-treatment proximal bone levels and post-treatment 

proximal bone levels on natural teeth adjacent to single tooth, plateau-designed, press fit 

implants. 

The distance between implant surfaces adjacent to each other was 2.4 ± 1.4 mm. 

The bone level on the sloping shoulder was 0.6 ± 0.6 mm from the top of the implant. 

Crestal bone levels between adjacent implants were 0.8 ± 1.4 mm above a line connecting 

the top of adjacent implant surfaces. 

Twenty six implant surfaces were adjacent to an edentulous area. The bone level 

on the sloping shoulder of these implant surfaces was 0.6 ± 0.6 mm from the top of the 

implant. 

Table II summarizes the results for those implant surfaces which are closer than 

the recommended guidelines of 2 mm to a natural tooth or 3 mm to another implant. The 

average distance between 52 implant surfaces and a natural tooth was 1.0 ± 0.5 mm. The 

bone level on the sloping shoulder was 0.4 ± 0.8 mm from the top of the implant. Pre-

treatment proximal bone levels on the natural tooth from the CEJ were 2.4 ± 1.4 mm 

while post-treatment proximal bone levels were 2.7 ± 1.4 mm. There was no significant 

difference (P=0.25) between pre-treatment proximal bone levels and post-treatment 
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proximal bone levels on natural teeth adjacent to single tooth, plateau-designed, press fit 

implants when the implant was placed closer than the recommended distance away from 

the natural tooth. 

The 122 implant surfaces that were adjacent to each other were separated by 1.5 ± 

0.8 mm. The bone levels on the sloping shoulder were 0.8 ± 0.8 mm from the top of the 

implant. Crestal bone levels were 0.8 ± 1.0 mm above a line connecting the top of 

adjacent implants. 
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Table I. Descriptive statistics of all proximal implant surfaces 

 

Implant Surfaces Adjacent to 

Natural Tooth 

Adjacent to 

Implant 

Adjacent to 

Edentulous 

Area 

Number of Surfaces 120 192 26 

A – Average Distance (mm) 2.6 ± 1.7 2.4 ± 1.4  

B – Bone Level (mm) 0.4 ± 0.4 0.6 ± 0.6 0.6 ± 0.6 

C – Proximal Bone Pre-

Treatment (mm) 

2.1 ± 1.4   

C – Proximal Bone Post-

Treatment (mm) 

2.2 ± 1.6   

D – Crestal Bone Levels 

Above Line (mm) 

 0.8 ± 1.4  

 

 

 

 

Table II. Descriptive statistics of proximal implant surfaces closer to a natural tooth or 

another implant than the recommended guidelines 

 

Implant Surfaces Adjacent to Natural 

Tooth 

Adjacent to 

Implant 

Number of Surfaces 52 122 

A – Average Distance (mm) 1.0 ± 0.5 1.5 ± 0.8 

B – Bone Level (mm) 0.4 ± 0.8 0.8 ± 0.8 

C – Proximal Bone Pre-Treatment 

(mm) 

2.4 ± 1.4  

C – Proximal Bone Post-Treatment 

(mm) 

2.7 ± 1.4  

D – Crestal Bone Levels Above Line 

(mm) 

 0.8 ± 1.0 
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DISCUSSION 

 Of the 338 radiographically measured proximal implant surfaces that were 

included in this study, 174 surfaces were closer to a natural tooth or another implant than 

the recommended guidelines.
1,23,33

 

The data support the acceptance of the null hypothesis as there was no significant 

difference in pre-treatment and post-treatment proximal bone levels of a single tooth, 

plateau-designed, press fit implants (Bicon®) utilizing a locking tapered, implant to 

abutment connection adjacent to a natural teeth and to a plateau design Bicon® implants, 

regardless of whether the implant is placed closer or not than the recommended distance 

away from the natural tooth or to another implant (Bicon®). 

The results in this study compared to those on Krennmair,
35

 Tarnow,
23

 and 

Esposito,
34

 are more favorable when an implant is placed closer to a natural tooth or to an 

adjacent implant. 

In this study, 52 implant surfaces were a distance of 1.0 ± 0.5 mm from the 

natural dentition. The bone level pre-treatment was 2.4 ± 1.4 mm and post-treatment was 

2.7 ± 1.4 mm. On Krennmair’s
35

 study, the average bone loss associated with anterior 

teeth was 1.6 ± 1 mm when the horizontal distance between the tooth and implant in the 

anterior region was 1.5 ± 0.6 mm. In the posterior region, the average bone loss was only 

0.4 ± 0.3 mm when the average horizontal distance between the tooth and implant was 

2.8 ± 0.8 mm. He concluded that there was a significant influence of the horizontal 

distances on proximal bone loss when an implant was placed in a closer distance to a 

natural dentition.  In his study implant survival rate,  peri-implant structures, and 

prosthetic complication rates were evaluated.  Crowns and periodontal status of adjacent 
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teeth were compared at crown placement and at the last examination. Only the horizontal 

distance from the implant edge to adjacent teeth was calculated and compare for anterior 

and posterior regions,  bone loss was determined by observing the radiographs.  

Esposito
34

 evaluated marginal bone loss at natural tooth surfaces facing a 

Branemark implant. The average bone loss associated with anterior teeth was 1.4 + 1.5 

mm. One of the factors considered in this study was the horizontal distance between an 

implant and an adjacent natural tooth. It was concluded that there is a strong correlation 

between marginal bone loss around a tooth adjacent to an implant and the horizontal 

distance between the implant and adjacent natural tooth. With decreased distance the 

bone loss increased. In his study the following factors were considered: age, cause of 

tooth loss, vertical relation between fixture and teeth, distance between adjacent teeth, 

distance between fixture and natural tooth,  jaw region. Measurements were similar to 

those in our study.  

The results obtained in our study suggest that this implant system may be placed 

closer to a natural tooth with no change in pre-treatment and post-treatment proximal 

bone levels.
1,5,41

 

In this study one hundred twenty two implant surfaces were in a distance of 1.5 ± 

0.8 mm from another implant. Crestal bone levels were 0.8 ± 1 mm above the line that 

connects both implants. These distances between adjacent implants or an implant and a 

natural tooth were closer than published recommendations. Tarnow
23

 reported in his 

study that the average radiographic bone loss from the edge of the implant-abutment 

connection was 1.5 mm. Those implants separated by more than 3 mm had crestal bone 

loss of 0.45 mm, while those implants separated by less than 3 mm had crestal bone loss 
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of 1.04 mm. He concluded that there is a lateral component to the bone loss around 

implants in addition to the more commonly discussed vertical component. When implants 

are not spaced more than 3 mm, the lateral component of bone loss can result in greater 

inter-implant crestal bone loss. One of the differences between his study and ours is that 

crestal bone loss was measured from the crest of the bone to the top of the implant, and 

the rationale of this is that he was evaluating the effect of inter-implant distance on the 

height of inter-implant bone crest. 

The distances between implant-tooth and implant-implant in our study are less 

than those recommended by Saadoun.
36

 

 Implant design has been found to be an important factor in maintaining marginal 

bone levels against functional loading. The implant system evaluated in this study differs 

from others in regards to the abutment–implant connection. The abutment connects to the 

implant by means of a 3 degree locking taper, creating a cold solder joint and a bacterial 

seal.
40,42

 The unique architecture with a sloping shoulder follows the concept of platform 

switching, advocated by Lazzara.
20

 He concluded that in a of 13 year observation period, 

no greater bone loss was observed when compared to conventional two-piece implants. 

This design supports the theory of Misch
17

 who believes that stress concentration to be 

the cause of bone loss. This explains why the results of this study showed no change in 

proximal bone levels pre-treatment and post-treatment when implants were placed 

adjacent to a natural tooth, if the abutment is  narrower than the implant, less stress is 

transmitted to the crestal bone when compared to conventionally shaped abutments.
21

 

 Crestal bone loss has been attributed to several factors or a combination of factors 

including surgical trauma,
43

 colonization of pathologic bacteria in the implant sulcus,
44,45
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position of the implant’s rough-smooth border,
46

 stress concentration at the crestal 

bone,
47,48

 biologic width,
49

 and the size and location of the microgap.
11,15

 Also, by 

increasing the implant surface area contacting the bone, stress concentration at the crestal 

bone can be decreased by either increasing the implant length or diameter, modifying the 

surface treatment or design, or by placing the implant in higher quality bone.
27,50

 

 Some of the limitations of this study included the follow-up time of 4 ± 2.3 years 

and a sample size of 169 implants, both of which could be increased in order to detect a 

statistically significant difference. There was also potential for investigator error in the 

measurement of the radiographs as well as potential for distortion of the radiographic 

image. Other limitations included the retrospective design of the study, lack of clinician 

calibration, and the evaluation of a single implant system. Future studies need to evaluate 

pre-treatment and post-treatment proximal bone levels prospectively with different 

implant designs. 
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CONCLUSION 

This retrospective cohort study was designed to evaluate pre-treatment and post-

treatment proximal bone levels of a single tooth, plateau-designed, press fit implants 

(Bicon®)  utilizing a locking tapered, implant to abutment connection adjacent to a 

natural teeth and to a plateau design Bicon® implants, as well as to measure bone levels 

on mesial and distal surfaces of all implants and the crestal bone levels between 2 

implants. The cohort was derived from patients who received 1 or more single tooth, 

plateau-designed, press fit implants at a private practice between 1995 and 2005. 

Proximal bone levels can be expected to remain unchanged post-treatment when a single 

tooth, plateau-designed, press fit implant is placed closer than the recommended distance 

away from the natural tooth or to another implant. 
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