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Replace Anterior Maxillary Single Teeth
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Purpose: The implant-abutment interface may affect peri-implant mucosal architecture, and influence health 

and esthetics. The goal of this 1-year follow-up report of a 5-year clinical investigation was to examine the peri-

implant mucosal tissue responses to different implant-abutment interface designs. Materials and Methods: 
Subjects requiring an anterior maxillary implant were recruited. Tooth extractions, with or without preservation 

or ridge augmentation procedures, were performed as required. After 5 months of healing, one of three different 

implant-abutment combinations (conical interface [CI] n = 48); flat-to-flat interface [FI] n = 49); or platform switch 

interface [PS] n = 44) was placed and provisionalized. Twelve weeks later, permanent crowns were placed 

and data gathered throughout the first year. Peri-implant mucosal architecture and bone levels were evaluated 

clinically, photographically, and radiographically. Results: At 1 year, seven FI and six PS implants failed and two 

FI and two PS implant participants were lost to follow-up, resulting in survival rates of 100% (CI), 85.7% (FI), and 

86.4% (PS) (90.8% overall). Marginal bone level changes were –0.22 mm (CI, P < .05), –1.2 mm (FI, P < .05), and 

–1.32 mm (PS, P < .05) after 1 year. Marginal bone level stability (≤ 0.5-mm bone loss or gain) was recorded for 

87% (CI), 8% (FI), and 27% (PS) of implants. Measurement of midbuccal mucosal zenith and papilla positions 

revealed no change in the mucosal positions and 0.2 to 0.3 mm of gain in papilla dimensions in all groups. 

Conclusion: Significant differences in marginal bone loss were observed among the three implant-abutment 

interfaces. At 1 year follow-up, changes in the buccal mucosal zenith position or papilla dimensions were not 

discernable. A continued longitudinal evaluation of peri-implant bone and mucosal changes around these 

different interfaces is ongoing. Int J Oral MaxIllOfac IMplants 2015;30:622–632. doi: 10.11607/jomi.3772
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Choosing implant therapy and the mode of interven-
tion (immediate vs delayed placement, immediate 

vs conventional loading) requires a comprehensive 

evidence-based approach. Dental implant success is 
multifactorial. Based on a meta-analysis of five studies 
with 248 implants, Atieh et al1 found that compared 
with conventional loading, immediate loading of sin-
gle implant crowns was associated with a significantly 
higher risk of implant failure (5.07, 95% confidence in-
terval [CI] = 2.00–12.84). Immediate nonocclusal loading 
(provisionalization) was also associated with higher risk 
(4.76; 95% CI = 1.74–13.02). Despite the controversies, 
immediate loading offers the following advantages:  
(1) patients prefer the fewer interventions required with 
immediate loading protocols2 and (2) many authors 
suggest that immediate provisionalization improves 
esthetics, particularly regarding per-implant soft tissue 
responses.

These procedures may have associated risks. Chen 
and Buser3 concluded that clinical and esthetic compli-
cations of single tooth implantation included recession 
of the buccal mucosal margin, which was associated 
with a history of a thin tissue biotype, buccal malpo-
sition of the implant, and a thin or damaged buccal 
bone wall. More recently, Cosyn et al4 concluded that 
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the risk of advanced soft tissue recession may be re-
duced when specific local features (intact buccal bone 
wall and thick gingival biotype) and specific protocols 
(flapless surgery and immediate implant crowns) are 
provided. Den Hartog et al5 concluded that data re-
garding soft-tissue aspects were underrepresented in 
existing systematic reviews. Levi et al6 reported that 
both definitive restoration shape and appearance 
were strongly associated with patient satisfaction. The 
importance of peri-implant tissues on esthetics is illus-
trated by findings that both dental professionals and 
clinicians rated the peri-implant mucosa less satisfac-
tory than the implant-supported crown.7

Emerging objective measures of dental implant es-
thetics include soft tissue parameters. Jemt8 first ad-
dressed the importance of interproximal peri-implant 
mucosal form with the papilla index. Meijer et al9 in-
troduced the “implant crown esthetic index” (including 
nine parameters defining dimensions and form of the 
crown as well as the labial peri-implant mucosa). Alter-
natively, the pink esthetic score (PES) was introduced 
with a focus solely on peri-implant mucosal features 
divided into seven parameters (mesial and distal pa-
pilla, soft tissue level, soft tissue contour, soft tissue 
color, soft tissue texture, and alveolar process deficien-
cy).10 Belser et al11 modified the PES and proposed an 
implant restoration index (white esthetic score [WES]) 
for analyzing single tooth implants. Continuing this 
trend, more investigators studied factors that influ-
ence dental implant esthetics. For example, Kan et al12 
demonstrated that tissue dimensions and implant/
tissue relationships influenced outcomes. The surgical 
approach influences outcomes.13 Macro design of the 
abutment was also shown to positively influence the 
recorded PES.14 Material selection influenced esthetic 
outcomes by influencing tissue color.15 Although the 
impact of many features of the implant/abutment/

tissue complex have been considered experimentally, 
few investigations have directly investigated the in-
fluence of the implant-abutment interface design on 
dental implant esthetics.

The implant-abutment interface varies remarkably 
among many different implants. The relative biologic 
impact of different implant-abutment connection de-
signs, however, is undefined. Finite element models re-
peatedly demonstrate that design should influence the 
integrity of the interface and potential related tissue 
responses.16–17 Few clinical studies have investigated 
the influence of implant-abutment interface design on 
dental implant outcomes, including dental esthetic pa-
rameters. The primary objective of this 5-year prospec-
tive evaluation was to compare the buccal soft tissue 
changes occurring around single tooth replacements in 
the maxilla using three different implant-abutment in-
terface designs. A related, secondary objective (Table 1) 
was the comparison of marginal bone responses; both 
the primary and secondary objectives are the focus of 
this initial 1-year follow-up report.

MATERIALS AND METHODS

Overview
Adults in need of one or more single tooth replace-
ments in the anterior maxilla including in the first 
premolar region were recruited as approved by the 
institutional review board (IRB). Individuals meeting 
specific inclusion and exclusion criteria (Table 2) were 
enrolled in one of the four study centers. To control 
variables related to extraction sites, extraction sockets 
and deficient healed alveolar ridges were augmented 
using human recombinant bone morphogenetic pro-
tein 2 (rhBMP2, Infuse, Medtronic). After 5 months of 
healing, participants were randomized to receive one 

Table 1 Study Outcome Measures

Variable Outcome

Primary outcome variable

Soft tissue response Soft tissue change from baseline to 1 year (for the buccal gingival zeniths)

Secondary outcome variables

Soft tissue response Soft tissue changes up to 5 years (for the buccal gingival zeniths)
Soft tissue changes (for the mesial and distal papilla, separately)
Cytokines in peri-implant sulcular fluid
Plaque, bleeding on probing, and probing pocket depth
Pink esthetic score

Soft/bone tissue response Alveolar ridge architecture alterations

Bone tissue response Marginal bone level alterations (mesial and distal)

Implant success/survival

Safety Adverse events/adverse device effects and serious adverse events

Patient reported outcomes Patient questionnaire with esthetic focus
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of three different implants (conical interface [CI], Os-
seoSpeed, Dentsply Implants; flat-to-flat interface 
[FI], NobelSpeedy Replace, Nobel Biocare; or platform 
switch interface [PS], NanoTite Certain Prevail, Biomet 
3i). Implants were placed using a standardized im-
mediate provisionalization protocol controlling and 
recording depth of implant placement and using ti-
tanium abutments and acrylic crowns. After 8 weeks, 
a final impression was made and definitive zirconia 
abutments (Atlantis abutments, Dentsply Implants) 
with lithium disilicate crowns (E-max, Ivoclar) were de-
livered 4 weeks later. Clinical, photographic, and radio-
graphic evaluations were performed throughout the 
first year. All procedures were in accordance with the 
ethical standards of the IRB and the last update of the 
Helsinki Declaration.

Surgical Procedures
Site Development Procedures. After collecting IRB-
approved informed consent, preoperative study casts 
were made and treatment plans were established. 
Ridge preservation and/or augmentation procedures 
were performed using rhBMP-2 according to manufac-
turer’s recommendation with or without the inclusion 

of space-maintaining materials (mineralized bone al-
lograft) as indicated by the clinical situation. These 
sites were evaluated clinically for implant placement 
after 5 months of healing.

Implant Placement and Provisionalization
At the moment of implant placement, the implant type 
was revealed from the randomization envelope. The 
three different implants were placed using a flapless 
approach and drilling protocols recommended by the 
individual implant manufacturers. Each implant was 
placed such that the implant-abutment interface was 
clinically positioned 3 mm apical to the planned gingi-
val (peri-implant mucosal) zenith. The depth of implant 
placement was recorded. Primary stability was indi-
cated by the absence of lateral or axial implant move-
ment (according to the manufacturer’s suggested 
torque requirements). At this time, if further bone and 
soft tissue grafting was performed, it was recorded and 
considered a protocol deviation. Immediate provision-
alization was performed using a titanium abutment  
(CI = Direct Abutment, Dentsply Implants; FI = Snappy 
Abutments, Nobel Biocare; PS = GingiHue Abutment, 
Biomet 3i). A bis-acryl resin temporary crown was 

Table 2 Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

 1.  Provision of informed consent
 2.  Age ≥ 18 years
 3.  In need of one or more single implants replacing missing or 

nonrestorable teeth in the maxilla within region 14 to 24

The following should be considered at inclusion  
but cannot be fulfilled until visit 2

 4.  Edentulous for at least 5 months at study site
 5.  A buccal-lingual bone width at study site of at least 5.5 mm
 6.  A mesial-distal bone level distance between adjacent teeth 

at study site of at least 5.5 mm
 7.  A keratinized midbuccal mucosal height of at least 2 mm at 

study site
 8.  Teeth adjacent (mesial and distal) to study site must 

consist of two stable teeth on natural roots without signs of 
periodontal bone loss (>1 mm) and/or significant soft tissue 
loss

 9.  Teeth adjacent (mesial and distal) to study site must 
demonstrate a stable occlusal guidance that will allow 
nonfunctional disclusion in all eccentric positions

10.  An opposing dentition with teeth, implants, or prosthesis

 1.  Insufficient interocclusal distance for implant placement 
and restoration at study site

 2.  Tooth adjacent (mesial and/or distal) is ankylosed
 3.  More than 2 mm vertical bone loss as measured from the 

midbuccal crest of bone on the adjacent teeth
 4.  Site development (bone tissue) performed at less than  

5 months before visit 2
 5.  Untreated rampant caries and/or uncontrolled periodontal 

disease
 6.  Class II division 2 malocclusion (Edward Hartley angle)
 7.  Use of tobacco within last 6 months
 8.  Uncontrolled diabetes
 9.  Current alcohol or drug abuse
10.  Systemic or local disease or condition that compromises 

postoperative healing and/or osseointegration
11.  Use of any substance that will influence bone metabolism
12.  Need for systemic corticosteroids or any other 

medication that would influence postoperative healing 
and/or osseointegration

13.  History of radiation in the head and neck region
14.  Known pregnancy; pregnancy tests will be performed as 

per local requirements
15.  Unable or unwilling to return for follow-up visits for  

5 years
16.  Unlikely to comply with study procedures according to 

investigators’ judgment
17. I nvolvement in the planning and conduct of the study 

(applies to both sponsor staff or staff at the study center)
18.  Previous enrollment or randomization of treatment in the 

present study
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fabricated from a putty matrix, relined, and refined to 
fit the prefabricated abutment margins. Provisional 
crowns were screw retained or cemented with provi-
sional cement and placed without occlusal contacts in 
centric or eccentric positions. Implants lacking sufficient 
primary stability were not restored at this time, but pro-
visionalized later at the discretion of the clinician.

Postoperative instructions included the prescrip-
tion of antibiotics (amoxicillin 500 mg three times 
per day or clindamycin 600 mg four times per day 
for 7 days), chlorhexidine mouthwash, and analgesic 
as needed for pain. Participants were clinically evalu-
ated after provisionalization at 1 week and at the 3- to 
4-week time points. Excess cement was removed or 
implant crown contacts were adjusted as required.

Definitive Restoration
Eight weeks after implant site healing, provisional res-
torations were removed and the stability of the implant 
was verified by connection of the implant-level impres-
sion coping to the implant without mobility or pain. An 
elastomeric final impression of the implant was made, 
the interocclusal registration and mandibular impres-
sion were made, shade selection was performed, and 

the materials were sent to one central dental labora-
tory (Studio 32, Cedar Rapids, Iowa) for fabrication of a 
final zirconia abutment using computer-aided design/ 
computer-assisted manufacture (Atlantis abutments, 
Dentsply Implants), a related abutment screw, and 
a final lithium disilicate crown (IPS e-max, Ivoclar  
Vivadent). Four weeks later, the definitive restorations 
were cemented using RelyX Unicem (3M Espe).

Evaluations
From inclusion to the 1-year follow-up, at least eight 
visits were scheduled for each participant (Fig 1). The 
measured variables and the frequency of evaluation 
are represented in Table 3. This report focuses on mar-
ginal bone level changes and peri-implant mucosal 
changes occurring at interproximal and midbuccal 
locations. 

Implant Survival
Each implant was categorized as surviving (in situ), 
failed (removed), or unaccounted for (lost to follow-
up). A life table analysis was performed (Kaplan Meyer).  
Implant failures and other complications were record-
ed as adverse device effects.

Fig 1  Study flow chart. The first year of this study involved eight main visits. Site development involved a 5-month healing period. 
The baseline for marginal bone measures was implant placement and loading, and includes 12 months of follow-up (visit 2 to visit 8). 
Because of the change in the provisional crown, two soft tissue baselines were defined. One is at visit 4 for the provisional crown, and 
the other is at visit 6 for the permanent crown. The progression of implant follow-up is indicated according to time and visit number. The 
implants lost and implants lost to follow-up are indicated. IP = implant placement.

Visit 1 
Screening

Visit 1a 
Extraction 

Site 
Preparation

Healing 5 
months

Visit 2 
IP 

provisionalization

Visit 4 
(IP + 3–4 wk)

Visit 5 
Impression 
(IP + 8 wk)

Visit 6 
Permanent crown 
(Visit 5 + 4 wk)

Visit 7 
(IP + 6 mo)

Visit 8 
(IP + 1 y)

Visit 2 & 3 
n (subjects) = 141 
CI = 48, FI = 49, 

PS = 44
T = 0

Visit 4 
n (subjects) = 139 
CI = 48, FI = 47, 

PS = 44
T = 1 mo

Visit 5 
n (subjects) = 134 
CI = 48, FI = 44, 

PS = 39
T = 2 mo

Visit 6 
n (subjects) = 131 
CI = 48, FI = 44,  

PS = 39
T = 3 mo

Visit 7 
n (subjects) = 127 
CI = 48, FI = 41,  

PS = 38
T = 6 mo

Visit 8 
n (subjects) = 124 
CI = 48, FI = 40,  

PS = 36
T = 12 mo

2 implants lost 5 implants lost 3 implants lost 3 implants lost

1 implant lost 
to follow-up

3 implants lost 
to follow-up

3 implants lost
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Marginal Bone Levels
A radiologist measured the distance from the designat-
ed implant reference points (unique for each implant 
system to permit unambiguous identification in radio-
graphs) to the most coronal bone–to-implant contact 
on the mesial and distal aspects of the implants. The 
mean of these two measures was calculated. Changes 
in these distances from baseline (implant placement) 
to subsequent time points were calculated and statisti-
cally analyzed.

Measurements of Both the Midbuccal 
Mucosal Zenith and the Interproximal Papilla
Both were measured directly using a UNC15 probe 
(Hu-Friedy) to the nearest half millimeter.18 Serial stan-
dardized photographs were used to confirm these 
measures. A Canfield apparatus (Canfield Scientific 
Inc) was used to geometrically reproduce images over 
time. All centers used the same camera model and 
standard exposure settings. Each image was taken 
with and without a periodontal probe as an internal 
linear calibration. Linear measures of papilla mucosal 
zenith scores were made using unaltered .jpg images 
in Image J software. Changes in these distances from 
baseline (provisional or permanent crown delivery) to 
appropriate subsequent time points were calculated 
and statistically analyzed. The associated PES10 was 
evaluated using a digital image scoring format and is 
the subject of a separate article. 

Statistical Analyses
Within-group and between-group comparisons were 
calculated using nonparametric statistics (Wilcoxon 
signed-rank test and Mann-Whitney U test, respec-
tively) using PASW Statistics for Windows, version 18.0 
(SPSS). A two-sided P < .05 was considered statistically 
significant.

RESULTS

Recruitment and Randomization
Among the four centers, 171 participants were re-
cruited (visit 1, Fig 1). Of these, 30 individuals were not 
randomized and were excluded before implant place-
ment (visit 2). The main reasons for exclusion included 
the condition of the adjacent tooth and lack of bone 
height or width after grafting. One hundred fifty-six 
implants (CI = 53, FI = 53, PS = 50) were placed in 141 
participants. Per protocol, only one implant per partici-
pant was randomized for evaluation (CI = 48, FI = 49, 
PS = 44).

Demographics
The mean age ± standard deviation (SD) of the 141 
participants was 45 ± 16 years (range, 18–81 years). 
There were no age differences among the three treat-
ment groups. Sixty-one subjects (43%) were men and 
80 (57%) were women; fewer men than women were 
allocated to the FI group. The mean calculated body 
mass index (BMI) was 27 ± 6 (range, 17–54), with all 
three treatment groups having similar mean values. 
Ex-smokers comprised 28% of the population, with no 
differences seen among the groups (Table 4).

Preoperative Oral Health Status
Three participants presented with abnormal jaw rela-
tions, and only three participants had periodontitis (all 
in the FI group). All three groups had partially eden-
tate participants, with a mean of 22.7 (CI), 24.0 (FI), and 
22.8 teeth (PS). Thirty-two individuals reported brux-
ism. More than 75% of participants reported that their 
tooth loss was caused by caries or trauma, with most 
other reported reasons attributed to agenesis (19%) 
(Table 4).

Table 3 Summary of Study Variables and Frequency of Evaluation*

Variable
Visit 2

IP
Visit 4

IP + 3–4 wk
Visit 6

IP + 12 wk
Visit 7

IP + 6 mo
Visit 8

IP + 12 mo

Crown Prov Prov Prov Perm Perm Perm
Patient questionnaire† X X X X
PISF† X X X
Gingival zenith and papilla:  
Canfield and clinical

X X X X X

PES† X X X X X
PPD and BoP X (BoP only) X X X
Radiograph X X X X
Adverse device effects 
(complications)

X X X X X X

*Impressions were also taken before visit 2 and at visits 2, 5, 6, 7, and 8 to evaluate changes in the alveolar ridge dimension by scanning study casts.
†Topics of separate articles.
IP = implant placement; Prov = provisional crown; Perm = permanent crown; PISF = peri-implant sulcular fluid; PES = pink esthetic score;  
PPD = probing pocket depth; BoP = bleeding on probing.

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Oral & Maxillofacial Implants 627

Cooper et al

Implant Site Preparation
Study participants had 68 extraction sites and 73 
healed ridges. All but two of 68 extraction sites were 
subjected to site preservation. Forty-two of 73 healed 
ridges were developed using augmentation proce-
dures (Table 5). Of the participants with 104 bone 
augmentation procedures, 26 were treated with rh-
BMP-2 adsorbed to the absorbable collagen sponge. 
Sixty-eight participants were treated using rhBMP-2 
adsorbed to the collagen sponge with a mineral-
ized bone allograft. Ten others were treated with the 
bone filler only. A membrane or autogenous soft tis-
sue graft was used in 28 (26%) and 8 (7%) participants, 
respectively.

Implant Placement, Survival, and Participant 
Attrition
At visit 2, 141 participants were enrolled and random-
ized; 48 received CI implants, 49 received FI implants, 
and 44 received PS implants. With the exception of 
one retained primary tooth with marked root resorp-
tion, the implants were placed in healed ridges, aug-
mented ridges, preserved sockets, or healed sockets. 
At the time of implant placement, 19%, 16%, and 14% 
of CI, FI, and PS implants, respectively, required addi-
tional bone grafting. Soft tissue augmentation at the 
time of CI, FI, and PS implant placement was deemed 
esthetically necessary for 17%, 22%, and 25% of sites, 
respectively.

Table 4 Study Population Demographics

Variable CI FI PS All

No. (%) 48 (34) 49 (35) 44 (31) 141 (100)
Mean ± SD age (range) (y) 43 ± 15 (18–70) 46 ± 17 (19–78) 46 ± 16 (18–81) 45 ± 16 (18–81)
Mean ± SD BMI (range) 28 ± 7 (19–54) 27 ± 6 (18–40) 26 ± 5 (17–44) 27 ± 6 (17–54)
Sex, No. (%)
  M
  F

25 (52)
23 (48)

14 (29)
35 (71)

22 (50)
22 (50)

61 (43)
80 (57)

Smoking status, No. (%) -
  Nonsmoker
  Ex-smoker

33 (69)
15 (31)

35 (71)
14 (29)

33 (75)
11 (24)

101 (72)
40 (28)

Oral condition
  Abnormal jaw relations, No. (%)
   With
   Without

1 (2)
47 (98)

0
49 (100)

2 (5)
 42 (95)

3 (2)
138 (98)

  Periodontitis, No. (%)
   With
   Without

0
48 (100)

3 (6)
46 (94)

0
44 (100)

3 (2)
138 (98)

  Bruxism, No. (%)
   With
   Without

15 (31)
33 (69)

10 (20)
39 (80)

7 (16)
37 (84)

32 (23)
109 (77)

CI = conical interface; FI = flat-to-flat interface; PS = platform switch interface; BMI = body mass index.

Table 5 Implant Site Preparation Variables
Variable CI = 48 FI = 49 PS = 44 All
Site history Ex HR Ex HR Ex HR Ex HR

No. 24 24 24 25 20 24 68 73

Site preparation (yes/no) 24/0 14/10 23/1 12/13 19/1* 16/8 66/1 + 1* 42/31

Bone graft (yes/no) 24/0 14/0 23/0 11/1† 19/0 13/3† 66/0 38/4†

rhBMP-2 only 9 0 10 0 7 0 26 0

rhBMP-2 + other material 12 13 11 10 9 13 32 36

Other material only 3 1 2 1 3 0 8 2

Membrane (yes/no) 7/17 5/9 6/18 3/9 5/14 2/14 18/49 10/32

Aut soft tissue graft (yes/no) 2/22 0/14 1/23 1/11 1/18 3/13 4/63 4/38

Suture (yes/no) 22/2 14/0 22/2 12/0 19/0 16/0 63/4 42/0

*Retained primary tooth extracted at time of implant placement.
†Only autogenous soft tissue graft.
CI = conical interface; FI = flat-to-flat interface; PS = platform switch interface; Ex = extraction of tooth required; HR = healed ridge;  
rhBMP-2 = human recombinant bone morphogenetic protein 2; Aut = autogenous.
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The bone quality was reported to be type 2 or 3 in 
more than 90% of all cases and quantity type A or B 
in more than 88% of all cases. The clinical decision to 
provisionalize the implants at placement was made in 
79% (CI), 82% (FI), and 80% (PS) of cases, despite the 
clinician recording primary stability in 94%, 98%, and 
91% of all CI, FI, and PS surgeries, respectively. Provi-
sionalization was delayed because of bone grafting, 
soft tissue grafting, or other intraoperative complica-
tions such as lack of primary stability.

During the first follow-up interval (3–4 weeks), two 
implants (FI) were lost and before the time of implant 
impression (8 weeks), five additional implants failed 
(three FI and two PS implants). Three more PS implants 
were determined to have failed before the time of fi-
nal crown placement. Thus, 10 implants failed early 
(five FI and five PS implants). During the remaining 

part of the first year, three additional implants failed 
before 26 weeks (two FI and one PS implant; Fig 1). 
Four participants were lost to follow-up during the 
first year of follow-up. Thirteen of 141 participants ex-
perienced implant failure. The cumulative survival rate 
was 90.8%. At 1 year, 124 participants with 48 CI, 40 
FI, and 36 PS implants were evaluated. The cumulative 
survival rate for each group was 100% (CI), 85.7% (FI), 
and 86.4% (PS).

The protocol prescribed that the implant refer-
ence point at implant placement would be placed 3 
mm apical to the desired peri-implant mucosal zenith, 
and with the preceding bone grafting procedures, the 
implant-abutment interface would approximate the 
bone crest in its vertical orientation. Figure 2 illustrates 
that this therapeutic goal was achieved approximately 
75% of the time for the three different implant systems.

Fig 2  (a) Location of implants measured from surgical reference points after insertion. Orientation of implant-abutment interface is 
measured from the buccal mucosal zenith (distance b) or measured in a vertical orientation from the bone crest (distance c). Distribu-
tion of implants (CI, FI, PS) is shown as a function of the distance (b) from the buccal mucosal zenith to the reference point (0.5 to  
7.0 mm) and (c) from the buccal bone crest to the reference point (–2.0 to –1.0 mm = supracrestal placement; –0.5 to 0.5 mm = flush; 
1.0 to 2.0 mm = subcrestal placement; 3.0 mm = subcrestal).

Fig 3  (a) The average change in marginal bone level (MBL) 
from visit 6 to visit 8 is plotted for each group (± SEM). (b) The 
distribution of MBL changes over 1 year are revealed according 
to the extent of bone loss (negative) or bone gain (positive).  
No change (‘0’) is designated by the dashed line. 
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Marginal Bone Level
Marginal bone level changes were –0.22 mm (CI, P < .05),  
–1.2 mm (FI, P < .05), and –1.32 mm (PS, P < .05) after 
1 year. The marginal bone level changes from implant 
placement to 1-year follow-up revealed significant dif-
ferences between CI implants and both FI and PS im-
plants (P < .05). The measured changes at 1 year were 
–0.22 ± 0.28 mm (range, –1.1 to 0.2 mm) in CI implants, 
whereas changes in FI and PS implants revealed similar 
bone loss (–1.20 ± 0.64 mm [range, –3.4 to –0.1 mm] 
and –1.32 ± 1.01 mm [range, –3.7 to 0.9 mm], respec-
tively) (Fig 3a). Marginal bone level stability (≤ 0.5 mm 
bone loss after 12 months) was recorded for 87% (CI), 
8% (FI), and 27% (PS) of implants (Fig 3b).

Peri-implant Soft Tissues
On clinical evaluation, inflammation measured as bleed-
ing on probing was generally absent (< 20%) with all 
three implant systems. When measurements from the 

Canfield photographic images were compared for the 
mucosal zenith dimension and the visualized papilla, 
there were no statistically significant differences in the 
changes in the buccal peri-implant mucosal zenith lev-
els (mean, 0.1 ± 0.7) from the permanent crown place-
ment to 12 months after implant placement (Fig 4).  
The mean ± SD changes of buccal peri-implant mu-
cosal zenith height made from the time of delivery of 
the permanent crown (visit 6) to 1 year after implant 
placement (visit 8) was 0.0 ± 0.5 mm in the CI group 
(range, –2.0 to 1.1 mm), –0.2 ± 1.0 mm in the FI group 
(range, –5.6 to 1.0 mm), and 0.0 ± 0.4 mm in the PS 
group (range, –1.3 to 1.0 mm). Similar results were ob-
served through direct clinical measurements (Table 6). 
Overall, the papilla heights trended toward an increase 
from permanent crown placement to 12 months after 
implant placement (mesial papilla = 0.3 ± 0.5 mm, dis-
tal papilla = 0.2 ± 0.5 mm), with no statistically signifi-
cant difference between treatment groups (Table 7).

Fig 4  Sequential Canfield photographs of lateral incisor implant site. The impression material (purple) is attached 
to the Canfield apparatus bite fork and consistently positions the participant in the x, y, and z axes. White vertical 
lines indicate the papilla measurements made from the horizontal dashed line drawn tangent to the peri-implant 
mucosal zenith of adjacent teeth. Black arrows represent linear measurement made from buccal peri-implant muco-
sal zenith to incisal edge. Values in Table 6 are derived from these measures. Additional sequential images contain 
the periodontal probe to consistently calibrate dimensions among all photographs (not shown). Note that each 
photograph includes the gingival zenith of replaced tooth, mesial and distal papillae of replaced tooth, incisal edges 
of replaced tooth, and incisal edges of adjacent teeth. (a) Canfield photo of lateral incisor at 12 weeks (provisional 
crown), (b) at 1-year follow-up (permanent crown). 

ba

Table 6 Changes in Peri-implant Mucosal Zenith Dimension at Implant Crown  
(Canfield and Clinical Measurements)*

Time CI FI PS

Mean ± SD change 
(range)

Clinical 
measurement 

(mm)

Canfield 
measurement 

(mm)

Clinical 
measurement 

(mm)

Canfield 
measurement 

(mm)

Clinical 
measurement 

(mm)

Canfield 
measurement 

(mm)

Visit 4 prov – visit 6 prov 0.0 ± 1.0
(–5.0 to 2.0)

–0.1 ± 0.5**
(–1.6 to 0.8)

–0.1 ± 0.7
(–2.5 to 1.0)

0.0 ± 0.3**
(–0.8 to 0.7)

0.1 ± 0.8
(–2.5 to 1.5)

0.1 ± 0.8**
(–3.9 to 1.1)

Visit 6 PR – visit 7 PR –0.1 ± 0.6
(–1.0 to 1.5)

0.0 ± 0.4
(–1.2 to 0.9)

–0.1 ± 0.7
(–1.5 to 1.0)

–0.1 ± 0.3
(–0.8 to 0.8)

0.0 ± 0.6
(–1.0 to 2.0)

0.0 ± 0.3
(–0.8 to 0.6)

Visit 6 PR – visit 8 PR 0.1 ± 0.7
(–1.5 to 2.5)

0.0 ± 0.5
(–2.0 to 1.1)

–0.1 ± 0.7***
(–2.5 to 1.5)

–0.2 ± 1.0
(–5.6 to 1.0)†

0.3 ± 0.8***
(–1.5 to 2.5)

0.0 ± 0.4
(–1.3 to 1.0)

*Negative values indicate loss and positive, gain. Calculated mean change of Canfield measurements among all implants for visit 6 to  
visit 8 = –0.1 ± 0.7 mm. Calculated mean change of clinical measurements among all implants for visit 6 to visit 8 = 0.1 ± 0.8 mm.
**P < .05 for CI vs PS and FI vs PS.
***P < .05 for FI vs PS.
†One implant site presented a loss of 5.6 mm. If this site is excluded, the change is 0.0 ± 0.5 mm. CI = conical interface; FI = flat-to-flat interface; 
PS = platform switch interface; Prov = provisional restoration; PR = permanent restoration.
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DISCUSSION

This prospective clinical investigation sought as a 
primary outcome to measure the peri-implant tis-
sue responses after the immediate provisionalization 
of single crowns placed on implant-abutment con-
nections representing CI, FI, or PS implants. At the 
12-month time point, significant differences in mar-
ginal bone level changes, but not soft tissue param-
eters, were revealed among the groups. Although not 
the primary objective of this investigation, the implant 
survival rates differed among the three designs.

Immediate provisionalization of single tooth im-
plants replacing anterior maxillary teeth offers specific 
advantages that include the rapid clinical progression 
of therapy that is appreciated by patients.2 Forgoing 
the inconvenience of partial edentulism is a second 
advantage of practical merit. Recent systematic re-
views conclude that immediate provisionalization re-
sults in little reduction in implant survival compared 
with conventional single tooth implant therapy.19 The 
implant systems investigated herein have been stud-
ied in prior prospective evaluations of immediate pro-
visionalization protocols. For the CI system, implant 
survival after early or immediate loading was reported 
to be 92.6% to 98%.20–22 Recent studies of the FI sys-
tem also revealed success after early/immediate load-
ing, with survival rates higher than 95%.23,24

The presently recorded lower survival of immedi-
ately provisionalized implants was unexpected. The PS 
implant was reported to provide 94.9% to 99.4% cu-
mulative survival rates in separate studies of immedi-
ate provisionalization.25–28 The present disparity with 
previously reported outcomes is acknowledged; how-
ever, a larger study specifically designed to distinguish 
the survival of implants of different designs would be 
needed to appropriately confirm this or previous alter-
native results.

Implant designs are proposed to influence marginal 
bone levels. This study demonstrates that different ini-
tial bone responses were measured in implants with 
different implant-abutment interface designs and con-
firms previous comparison of different interface de-
signs.29 The magnitude of marginal bone level changes 
reported in the present study is wholly consistent with 
previous reports from cohort studies. Fischer et al23 re-
ported a mean bone loss of 1.5 ± 1.0 mm during 1 year 
for single tooth FI implants, and Meloni et al30 reported 
a mean marginal bone loss of 1.35 ± -0.25 mm 2 years 
after immediate placement and loading. Arnhart et al31 
stated that FI implants demonstrated 0.85-mm bone 
loss following immediate loading after placement in 
healed implant sites. Platform switching is suggested 
to prevent or reduce crestal bone loss. Investigations 
comparing the marginal bone levels of PS implants with 
other implant-abutment interface designs have yield-
ed mixed results.32–34 Telleman et al35 reported that the 
mean marginal bone loss for PS implants in posterior 
tooth replacement was 0.48 ± 0.46 mm. Mura28 found 
a mean marginal bone level of 2.45 ± 1.29 mm) in PS 
implants. More recently, a 3-year investigation found 
no difference in marginal bone level changes approxi-
mating 0.7 mm (measured with panoramic radiogra-
phy) in PS implants compared with standard platform 
implants.36 One possible limitation of this comparative 
study is that the expanded dimension of the implant 
neck (which enables horizontal displacement of the in-
terface) reduced the crestal bone and connective tissue 
volume surrounding the implant-abutment interface. 
This concept is supported by the finding that when sin-
gle 4- and 5-mm implants were compared, a tendency 
of greater bone loss was present in wider implants.35 
Other possible confounding factors may influence the 
response at implant platforms, including the apico-
coronal position of the implants in relation to crestal 
bone, the various implant microtexture, the degree of 
platform switch, and the examination method.37

Table 7 Changes in Papilla Dimensions at Implant Crowns (Canfield Measurements)*

Time CI FI PS

Mean ± SD change 
(range)

Mesial  
papilla (mm)

Distal  
papilla (mm)

Mesial  
papilla (mm)

Distal  
papilla (mm)

Mesial  
papilla (mm)

Distal  
papilla (mm)

Visit 4 – visit 6 prov 0.2 ± 0.7 
(–1.2 to 2.8)

0.3 ± 0.4 
(–0.4 to 2.2)

0.2 ± 0.6 
(–0.9 to 2.2)

0.1 ± 0.5 
(–1.5 to 1.7)

0.1 ± 0.6 
(–1.5 to 1.3)

0.2 ± 0.5 
(–1.5 to 2.2)

Visit 6 PR – visit 7 PR 0.2 ± 0.5 
(–0.9 to 1.7)

0.2 ± 0.4 
(–0.7 to 1.8)

0.1 ± 0.6 
(–0.6 to 1.8)

0.1 ± 0.4 
(–0.8 to 0.9)

0.2 ± 0.4 
(–1.0 to 1.3)

0.1 ± 0.4 
(–0.8 to 1.8)

Visit 6 PR – visit 8 PR 0.2 ± 0.5 
(–1.1 to 1.4)

0.2 ± 0.3 
(–0.3 to 1.1)

0.4 ± 0.5 
(–0.6 to 2.1)

0.2 ± 0.6 
(–0.9 to 2.0)

0.2 ± 0.6 
(–0.9 to 1.7)

0.2 ± 0.5 
(–0.9 to 2.0)

*Negative values indicate loss and positive, gain. Calculated mean change among all implants for visit 6 to visit 8 = 0.3 ± 0.5 (mesial) and  
0.2 ± 0.5 (distal).
CI = conical interface; FI = flat-to-flat interface; PS = platform switch interface; Prov = provisional;  
PR = permanent restoration.
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A change of –0.22 mm in CI implant measurements 
is consistent with those found in previous investiga-
tions from the present and other laboratories.17,20,38 
A recent systematic review concluded that studies of 
this particular implant system report marginal bone 
level changes of 0.3 mm.39 The present prospective 
study provides direct comparison of marginal bone 
level changes at different implant-abutment interfaces 
that affirms the recent systematic review’s conclusion 
that the marginal bone level changes at CI implant-
abutment interfaces are smaller than at other designs.

The primary outcome measure in the present study 
was peri-implant buccal mucosa position, which is an 
important determinant of single tooth implant esthet-
ics. Both interproximal (papilla) and midbuccal mucosal 
zenith positions were found on direct clinical mea-
surement and through measurement of standardized 
intraoral photographs. This method, recently referred 
to as gingivomorphometry,40 permits the careful mea-
surement over time of the position of both the papilla 
and mucosal zenith by an independent investigator 
(removed from the clinical procedures) blinded to the 
treatment group (implant-abutment interface type). 
For all three implant-abutment interface types, me-
sial and distal papilla experienced increased measured 
length (typically 0.2 to 0.3 mm), and the position of the 
midbuccal mucosal zenith was unchanged. The clini-
cal and photographic methods both produced similar 
results (Table 6).

The modestly increased papilla dimension observed 
among the three groups was as expected. Several in-
vestigators have confirmed the observation of Kan et 
al12 that interproximal tissue responses are related to 
the condition of the adjacent teeth and the early ob-
servation of Jemt8 that the papilla adjacent to implants 
increases in volume over time. The interproximal pa-
pilla dimensions may not be directly related to the 
marginal bone responses evaluated at mesial and dis-
tal locations of implants using periapical radiography.

The midbuccal mucosal zenith location relative to 
the implant crown incisal edge changed little over the 
12-month period. This confirms observations of the 
CI interface system,18,41 but differs from observations 
made previously for the FI interface system.8 Three 
factors may influence these findings. First, the results 
represent only 12-month data.42 Kan et al43 remarked 
that for FI implants, the initial (1-year) midbuccal mar-
ginal tissue recession of approximately 0.55 mm was 
progressive and exceeded a mean of 1.13 mm after 
3 years, thus suggesting that this dynamic process 
may continue beyond 12 months. Midbuccal mucosal 
zenith positions in conus interfaces were stable over 
5-year observation periods.42,44 Second, most implants 
was placed in sites grafted using rhBMP-2. The poten-
tial influence of this protocol using rhBMP-2 on bone 

integrity and evolving mucosal thickness is not known 
and may have influenced implant survival and peri-
implant mucosal parameters. Third, implant position-
ing may influence outcomes. Although implants were 
placed by protocol 3 mm apical to the planned gingi-
val zenith, the palatal displacement of implant posi-
tion was not controlled. Buccopalatal implant location 
or tissue thickness buccal to the implant is a factor 
controlling tissue stability at dental implants.45

The relationships between direct measures of the 
buccal mucosal zenith position and/or its change over 
time with esthetic outcomes such as the PES or pa-
tient satisfaction remain incompletely defined. They 
may be clinically important as both the mucosal zenith 
position and related tooth dimension are significant 
determinants of recorded patient satisfaction with 
maxillary anterior tooth appearance.46 Luo et al47 re-
ported that the PES was not sufficiently sensitive to as-
sess the change in soft tissue margin. Linear measures 
as reported here and previously42,44 may be important 
tools in outcome measurements.

CONCLUSIONS

Immediate provisionalization represents one thera-
peutic approach when using dental implants to re-
place a single missing anterior tooth. Using a defined 
surgical protocol, the implants with a CI interface dem-
onstrated significantly less marginal bone loss after 
1 year than either the FI or the PS implants. At 1-year  
follow-up, changes in the buccal mucosal zenith posi-
tion or papilla dimensions were not discernable among 
the three different implant designs. Longer term data 
may reveal possible temporal relationships among im-
plant design, bone responses, and soft tissue esthetic 
parameters.
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