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ABSTRACT 

Aim & Hypothesis: The objective of the present investigation is to determine the influence 

of prosthetic, implant-related and surgical factors on marginal bone loss (MBL) around 

dental implants with at least 1-year follow-up after functional loading. It was hypothesized 

that there would be an association between marginal bone loss and the emergence angle 

(EA) and emergence profile (EP) of implant-supported restorations. A prosthetic emergence 

angle of ≥30° and a convex emergence profile would increase the risk of marginal bone loss. 

Materials and methods: Electronic health records and intraoral digital radiographs taken at 

time of implant placement and one year post-functional loading were retrospectively 

analyzed to determine the association between marginal bone loss and the following 

variables: emergence angle of the restoration, emergence angle of the restoration, soft 

tissue apico-coronal width, distance from the implant platform to the cementoenamel 

junction (CEJ) of adjacent teeth, the abutment height and the mesio-distal offset of implant 

supported restorations. Differences in bone levels between emergence profiles as well as 

between emergence angles were analyzed with mixed effects linear regression.  

Multivariate mixed effects regression models were created to assess the effects on 

potential confounders. 

Results: A total of 223 implants (134 patients) were included. A significant statistical 

association between marginal bone loss and both abutment height and soft tissue apico-

coronal width were observed. For every unit increase in abutment height, there was a 
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decrease of 0.24mm at the mesial and 0.18 mm at the distal follow-up bone level. Marginal 

bone levels also decreased by 0.23 mm at the mesial and by 0.35 mm at the distal for every 

unit of increase in soft tissue apico-coronal width. This study failed to find a statistically 

significant association between marginal bone loss and the emergence angle, emergence 

profile, the distance between the implant platform and the cementoenamel junction of 

adjacent teeth and the offset of crowns. However, a statistically significant association 

between marginal bone loss and mesial concave and straight emergence profiles could be 

observed after adjusting for confounders. Further longitudinal studies with larger samples 

sizes are needed to confirm these findings.  

Conclusions: A longer abutment and thicker crestal soft tissue at time of implant placement 

are associated with a lower marginal bone loss after 1 year of functional loading. EA, EP, the 

distance between the implant platform and the CEJ of adjacent teeth and the mesio-distal 

offset of crowns showed no association with MBL. 
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Since the early 80’s, the trend of replacing missing teeth with dental implants has increased 

exponentially. Due to their high long-term survival rate (>10 years), they have become a 

good therapeutic alternative after tooth extraction. A systematic review1 found a survival 

rate of 94.6%. and a cumulative mean success rate (using Albrektsson criteria) 2 of 89.7%. 

Success rate is not as high due to introduction of new criteria for the assessment of implant 

success which include health status, soft tissue appearance (PES score), prosthodontic and 

esthetic parameters (WES score) and patient satisfaction. 3,4,5,6 Implant success is 

determined by the occurrence of complications. During the last decade clinicians have 

become more aware of potential mechanical and biologic complications of implant 

dentistry. Peri-implantitis can be considered as the main biologic complication and it is 

defined as a pathological condition occurring in tissues around dental implants, 

characterized by inflammation in the peri-implant connective tissue and progressive loss of 

supporting bone.7  The maintenance of peri-implant tissues is considered essential in 

implant dentistry and, therefore, the preservation of crestal bone levels is a key factor for 

the long-term success of implants.8 Traditionally, a marginal bone loss of more than 2mm. 

around implants during the first year of function and/or a bone loss of 0.2mm. annually 

after the first year of function was considered as pathologic bone loss beyond a normal 

physiological alveolar bone remodeling. 2 However, with the development of new implant 

surface technologies, implant macro- and micro-designs and the identification of predictor 

factors of peri-implantitis and marginal bone loss, these criteria may not be valid anymore. 9 

A study that analyzed marginal bone loss (MBL) rates around implants to establish the 

difference between physiological bone loss and bone loss due to peri-implantitis 
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determined that 96% of implants with an MBL of >2 mm. at 18 months had lost 0.44 mm or 

more at 6 months post- loading. 9 It is for this reason that the thorough examination of 

marginal bone levels around dental implants during the early post-restorative phase is of 

crucial importance. 

 

Several risk factors and risk indicators of peri-implantitis have been described in the 

literature. 10, 11, 12, 13, 14, 15, 16, 17 There is strong evidence from cross-sectional and longitudinal 

studies suggesting that patients who have a history of chronic periodontitis, poor plaque 

control skills and no regular maintenance care after implant therapy have an increased risk 

of developing peri-implantitis.7 Other factors have been suggested to be linked to peri-

implantitis yet their cause-effect association is still inconclusive: smoking,18 diabetes,19 lack 

of keratinized mucosa,20  excess of submucosal cement,21 genetic factors,22  inadequate 

restoration-abutment seating, overcontoured restorations 23 or implant-malpositioning.24 

Implant depth at time of implant placement has been reported as a factor that can 

influence MBL changes around implants.25 A recent systematic review 26  evaluated the 

apico-coronal position effect on MBL around bone level (BL) and tissue level (TL) implants. 

Tissue level implants placed equicrestally and bone level implants placed subcrestally 

exhibited less MBL compared to same implant designs placed in different apico-coronal 

positions. Implants with platform switching placed in a subcrestal position have been 

reported to have less MBL changes.27 It has also been suggested that implants with an initial 

gingival tissue thickness at the crest of 2.0 mm or less may significantly influence marginal 

bone stability around implants by increasing the marginal bone loss.28 Depth of the implant 
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platform of 6 mm or more from the CEJ of the adjacent tooth has been described as a 

strong predictor of future peri-implantitis.29  The inadequate prosthetic design of implant-

supported restorations is also associated with marginal bone loss and peri-implantitis. In a 

study in 2019, 77% of peri-implantitis were seen to be related with an inadequate 

prosthetic design to maintain a good oral hygiene.30 Additionally, crown margins of BL 

implants placed <1.5mm from the bone crest had higher risk of developing peri-

implantitis.,31,32, 33, 34 An adequate prosthetic design is an indispensable requirement for 

peri-implant health and, consequently, the modification of the prosthetic contour is a 

crucial approach in the treatment of existing peri-implant diseases.35 Restorations that are 

asymmetrical mesio-distally with respect to the fixture  can create areas of increased plaque 

retention due to altered emergence profiles. This discrepancy has been identified as 

putative predictors of peri-implantitis.29 Implants with over-contoured restorations may 

have negative effect by limiting the cleansability and leading to further disease 

progression.36 The macro-design of the transmucosal implant-abutment-restoration portion 

has also been demonstrated to play an important role in peri-implant tissue alterations. 

Two critical features of this transmucosal complex are the emergence profile (EP) and the 

emergence angle (EA). The Glossary of Prosthodontic Terms (9th edition)37 describes the EA 

as the angle between the average tangent of the transitional contour relative to the long 

axis of a tooth, dental implant, or dental implant abutment. On the other hand, EP is 

defined as the contour of a tooth or restoration, such as the crown on a natural tooth, 

dental implant, or dental implant abutment, as it relates to the emergence from 

circumscribed soft tissues. Animal studies compared healing abutments with different 
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emergence profile and showed that flat and convex emergence profile induced an apical 

displacement of the peri-implant biologic width and more bone loss. 38, 39 The correlation 

between EA and EP of the prosthetic restoration and peri-implantitis has been recently 

examined in human cross-sectional studies.40, 41 Katafuchi et al.40 found that EA > 30° and a 

convex EP is significant risk indicator for peri-implantitis for bone level implants but not for 

tissue level. Yi et al.41 obtained similar results in a study with 5-year follow-up period after 

loading. These articles establish that there is a higher risk of developing peri-implantitis 

when the emergence angle is >30° and when the emergence profile is convex profile. 

Therefore, EA and EP have been described as risk indicators for an increased marginal bone 

loss and the development of peri-implantitis. Nevertheless, the analysis of EA and EP in 

these studies present several limitations and disregard implant-related, surgical and 

prosthetic parameters that could be acting as confounding variables. Consequently, the aim 

of this study is to c evaluate the influence of EA and EP amongst other implant-related, 

surgical and prosthetic factors. 
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2. Objective and specific aims 

 

Objective: The objective of the present investigation is to determine the influence of 

prosthetic, implant-related and surgical factors on MBL around dental implants with at least 

1-year follow-up post- functional loading. 

 

Specific Aims: 

1. To determine the effect of prosthetic emergence angle and emergence profile on 

marginal bone loss around bone level and tissue level implants. 

2. To determine the influence of the apico-coronal position of implants at time of 

placement on the marginal bone loss around bone level and tissue level implants. 

3. Analyze the effect of prosthetic and surgical features that have been described in 

the literature as risk indicators of MBL and identify those factors that might allow 

prognostication of dental implants after adjusting for confounders. 
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3. Hypothesis 

 

1. There is an association between marginal bone loss and the restorative emergence 

angle and emergence profile of implant-supported restorations. 

2. A prosthetic emergence angle of >30° and a convex emergence profile increase the 

risk of marginal bone loss. 
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4. Significance 

Only two articles have evaluated the association between the prosthetic EA and EP and 

peri-implantitis on both TL and BL implants. Two other studies evaluated this association 

but only included BL implants.42, 43 

Katafuchi et al.40 was the first study to evaluate the influence of EA and EP on peri-

implantitis risk and the threshold EA that can be tolerated before the risk of peri-implantitis 

increases in both bone (BL) and tissue level implants (TL) (Fig.1). They also analyzed the 

effect of implant depth at the time of implant placement. However, implant depth was only 

studies in BL implants. The outcome parameter of this study was the dichotomous 

diagnostic status of the implant: healthy or peri-implantitis. Hence, the direct association 

between interproximal marginal bone loss and EA, EP and implant depth were unknown. Yi 

et al.41 evaluated the effect of EA and EP on marginal bone loss. Nevertheless, in this study 

the implant depth was not considered for either BL and TL implants (Fig.2). None of the 

studies evaluated the influence of implant depth of tissue level implants. Moreover, the 

effect of platform switching on the emergence angle and consequent marginal bone loss is 

also still unknown. Majzoub et al.42 retrospectively analyzed the association of EA among 

several other prosthetic related factors with early stage (up to two years) peri-implant 

marginal bone loss in implants with peri-implantitis (Fig.3). In this case, TL implants were 

excluded and platform-switching was not considered. Hentenaar et al.43 attempted to study 

the influence of cervical crown contours on MBL around platform-switched two-piece 

implants placed in posterior healed sites. Their method to assess the EA was different to the 
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rest of studies. They evaluated the EA of the restoration at the three first millimeters and 

concluded no correlation between EA and MBL (Fig.4). However, they did not include 

implants in an anterior position or TL implants. 

The present study we are conducting will attempt to overcome the limitations of previous 

studies by analyzing the influence of EP, EA, implant depth and platform switching on MBL 

around BL and TL implants. In addition, an exhaustive analysis of the association of 

prosthetic and surgical features that have been previously described in the literature as risk 

indicators of MBL will be conducted. The variables of study include: past history of 

periodontitis, implant type, apico-coronal position of implants, neighboring environment 

adjacent to the implant, platform switching, previous grafting in the area, soft tissue apico-

coronal width, implant depth respect CEJ of adjacent teeth, type of retention of the 

restoration, single or multiple implants, splinting, cantilever restoration, one stage vs two 

stage implant placement, abutment height, offset of crowns and active maintenance 

program. 
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5. Materials and method 

 

5.1. Type of study 

Retrospective study that analyzed electronic health records and intraoral digital 

radiographs. 

 

5.2. Study design 

A random subset of electronic health records (EHR) and their associated digital intraoral 

radiographs of patients who had implants placed (Axium code D6010) at Tufts University 

School of Dental Medicine between the January 1st, 2010 to December 31st, 2020 were 

retrieved. The EHRs fulfilling the inclusion and exclusion criteria were selected and 

analyzed.  
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5.3. Inclusion criteria 

EHR of patients who underwent implant placement surgery (Axium code D6010) at Tufts 

University School of Dental Medicine between the years 2010 – 20120 were included if: 

a. At least one periapical or bitewing radiograph allowed visualization of implant 

mesial and distal bone contact area at the time of implant placement and prior 

to loading (baseline); 

b. At least one periapical or bitewing radiograph allowed visualization of 

interproximal bone after 1 year of functional loading; 

c. Demographic, medical and dental information were accessible. 
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5.4. Exclusion criteria 

a. Insufficiency of clinical or radiographic records at the required study follow-up 

times 

b. Patients with uncontrolled systemic diseases or conditions or taking medication 

that are known to interfere with healing of peri-implant tissues (bisphosphonate, 

chronic use of corticosteroids, chemotherapy, radiotherapy) 

c. Smokers 

d. Implants supporting a full arch restoration 

e. Implants with a fixed-detachable restoration or overdenture 

f. Implants not restored with a definitive restoration 

g. Implants with fractured components 

h. Implants supporting an ill-fitting restoration (i.e. abutment-restoration gap) 

i. Failed implants 

j. Implants re-installed in same location of a previous failed implants  

k. Implants with previous treatment of peri-implantitis 

 

After excluding duplicated records and records with missing data, linear 

measurements of the distance between the implant platform and the coronal aspect 

of the interproximal bone, that appears to be in direct contact with the implant 



 

 22 

surface were performed at the mesial and distal surface of the selected implant/s on 

available intraoral digital baseline and follow-up radiographs. The measurement of 

the marginal bone loss (MBL) and of the study variables were performed on the 

images of intra-oral periapical and/or bitewing radiographs. The measurements 

were analyzed using a computer software (Image J®, National Institutes of Health, 

Maryland, USA) and a calibration for each implant was done based on an already 

known measurement: implant diameter. 
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5.5. Outcome parameters 

- Marginal Bone Loss  

Radiographic analysis: distance between the implant platform (BL implants) or most 

apical point of the polished collar (TL implants) and the coronal aspect of the 

interproximal bone that appeared to be in direct contact with the implant surface 

(mm) using standardized reference such as implant diameter and length (Fig.5). 

1. Baseline  

a. mesial bone level (mm; %)  

i. Continuous variable 

b. distal bone level (mm; %)  

i. Continuous variable 

 

 

2. Follow-up at least 1-year post loading of definitive prosthesis 

a. mesial bone level (mm, %)  

i. Continuous variable 

b. distal bone level (mm, %)  

i. Continuous variable 
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5.6. Descriptive variables 

1. Sex – reported in axiUm 

a. 0 = Male 

b. 1 = Female 

 

2. Age at time of implant placement (years) – reported in axiUm 

a. Continuous variable 

 

3. Date of placement (dd/mm/yyyy) – reported in axiUm 

a. Continuous variable 

 

4. Surgeon department – reported in axiUm 

a. 0 = OMFS 

b. 1 = Periodontology 

c. 2 = Implant center 

d. 3 = Prosthodontics 

e. 4 = AEGD 

f. 5 = Other 
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5. Location (MAX/MAND) – reported in axiUm and/or radiographs 

a. 0 = Maxilla 

b. 1 = Mandible 

 

6. Position (ANT/ POST) – reported in axiUm and/or radiographs 

a. 0 = Anterior (Molar to premolar included)  

b. 1 = Posterior (Canine to central incisor included) 

 

7. Date of loading (d/mm/yyyy) – reported in axiUm  

a. Continuous variable 

 

8. Prosthetic department– reported in axiUm  

a. 0 = UG 

b. 1 = Esthetics 

c. 2 = Implant center 

d. 3 = Prosthodontics 

e. 4 = AEGD 

f. 5 = Other 
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9. Implant Length (mm.) – reported in axiUm  

a. Continuous variable 

 

10. Implant Diameter (mm.) – reported in axiUm  

a. Continuous variable 
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5.7. Study variables 

 

1. Past history of periodontitis – reported in axiUm, previous periodontal charting 

and/or radiographs 

a. 0 = No 

b. 1 = Yes 

 

2. Implant type – reported in axiUm and/or radiographs 

a. 0 = Bone level 

b. 1 = Tissue level 

c. 2 = One piece 

 

3. Apico-coronal position of implants (Hermann 2000) 21 – reported in axiUm and/or 

radiographs. Distance from implant platform to mesial and distal peri-implant 

marginal bone crest. 

(Continuous variable in mm. and categorical) 

a. 0 = Sub-crestal 

b. 1 = Equi-crestal 
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c. 2 = Supra-crestal 

 

4. Neighboring environment - reported in axiUm and/or radiographs  

a. 0 = Tooth – tooth  

b. 1= Implant – implant  

c. 2 = Tooth – implant  

d. 3 = Tooth – edentulous 

e. 4 = Implant – Edentulous  

 

5. Platform switching – reported in axiUm, commercial catalogue and/or 

radiographs 

a. 0 = No 

b. 1 = Yes 

 

6. Ridge status – reported in axiUm and/or radiographs 

a. 0 = Pristine edentulous ridge 

b. 1 = Socket grafting  

c. 2 = Horizontal GBR  

d. 3 = Vertical GBR 
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e. 4 = Vertical and Horizontal GBR 

f. 5 = Crestal Sinus lift 

g. 6= External Sinus Lift 

h. 7 = Other  

 

7. Soft tissue apico-coronal width – reported from radiograph. Distance from peri-

implant bone crest to mucosal margin. 28 

a. Continuous variable (mm.) 

 

8. Implant depth respect CEJ of adjacent teeth - Distance from implant platform to 

CEJ of adjacent teeth 29 

a. Continuous variable (mm.) 

 

9. Retention – reported in axiUm and/or radiographs 

a. 0 = Cemented 

b. 1 = Screwed 

c. 2 = Attached 

d. 3 = Morse tapered 
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10. Single/ Multiple implants– reported in axiUm and/or radiographs 

a. 0 = Single 

b. 1= Multiple - Implant supported 3-unit FPD  

c. 2 = Multiple – splinted to another implant 

d. 3 = Multiple – splinted to a tooth 

 

11. Cantilever restoration – reported in axiUm and/or radiographs 

a. 0 = No 

b. 1 = Yes. Single implant + mesial extension 

c. 2 = Yes. Single implant + distal extension 

d. 3= Yes. Multiple implant- supported restoration + mesial extension 

e. 4 = Yes. Multiple implant- supported restoration + distal extension 

 

12. Number of stages – reported in axiUm and/or radiographs 

a. 0 = 2 stage. Cover screw. 

b. 1 = 1 stage. Healing abutment 

c. 2 = 1 stage. Customized healing abutment 

d. 3 = 1 stage. Provisional implant-supported crown 

 



 

 31 

13. Abutment height – reported in axiUm, commercial catalogue and/or radiographs. 

Distance between the implant platform and the gingival height of the implant 

abutment. 32 

a. Continuous variable (mm.) 

 

14. Emergence angulation of restorations (Katafuchi 2017) 24 – radiographic analysis. 

Angle between the average tangent of the transitional contour relative to the 

long axis of the dental implant. 

a. Continuous variable (degrees, °) 

 

 

15. Emergence profile of restorations (Katafuchi 2017) 24 – radiographic analysis. 

Contour of the implant-supported restoration as it relates to the emergence 

from circumscribed soft tissues.  

 

a. 0 = Concave 

b. 1 = Convex 

c. 2 = Straight 
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16. Offset of crowns – a/symmetric M-D distance from fixture. Distance between 

implant fixture and the most mesial/distal point of the implant-supported 

crown.29 

a. Continuous variable (mm.) 

 

 

17. Active maintenance program (at least 1 prophylaxis per 12 months after loading) 

– reported in axiUm 

a. 0 = No  

b. 1 = Yes 
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5.8. Sample size calculation and data analysis 

A power calculation was made in nQuery Advanced using the following assumptions: a 

type I error of 1.7%; a type II error of 20%; a mean (sd) bone loss (mm) of 0.75 (0.82) for 

the concave emergence profile group 41; a mean (sd) bone loss of 0.93 (0.94) for the 

straight emergence profile group 41; a mean (sd) of 1.60 (1.62) for the concave 

emergence profile group 41.  The minimum sample size was determined to be 50 

implants to compare concave and convex emergence profiles, 84 implants to compare 

straight and concave emergence profiles, and 503 implants to compare convex and 

straight emergence profiles.  The total sample size will be 1509 implants to allow for 

sufficient sample size to compare between all emergence profiles and to have a 

representative sample.  This will give greater than 99% power when comparing between 

concave and convex emergence profiles as well as between straight and concave 

emergence profiles. Up to 10, 000records will be reviewed to find the sample needed.   

 

Descriptive statistics (means and standard deviations for continuous items, counts and 

percentages for categorical items) were calculated.  Differences in bone level between 

emergence profiles as well as between emergence angles were analyzed with mixed 

effects linear regression.  Multivariate mixed effects regression models were be created 

to assess the effects on potential confounders.  Critical values in emergence angle were 

determined with mixed effects logistic regression.  P-values less than 0.05 were 

considered statistically significant.  Stata 13.1 was used for the statistical analysis.   
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6. Calibration 

An inter-examiner and intra-examiner calibration will be carried out by a blinded 

assessment of the mesial and distal peri-implant bone level, the apico-coronal position of 

implants, the soft tissue apico-coronal width, the implant depth respect CEJ of adjacent 

teeth, the abutment height, the emergence angle, the emergence profile and the mesio-

distal discrepancy (off-set) of crowns of a random subset of 10 periapical or bitewing 

radiographs that will not be included in the final sample size.  Inter-examiner calibration will 

be carried out using intra-class correlation coefficient (ICC) test, which should be of at least 

of an 80% of agreement between investigators ensure sufficient strong agreement and 

reliability. In case the level of agreement is not achieved for inter-examiner reliability, a 

discussion will be undertaken and a new set of measurements will be taken until the ICC > 

0.80 is achieved. Intra-examiner calibration will be carried out by repeating all 

measurements by the same examiner within 24-48 hours and using intra-class correlation 

(ICC) test, which should be of at least of an 80% of agreement. In case of low intra-examiner 

reliability, the operator will review and retake another set measurement until the ICC > 0.80 

is achieved. 
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6.1. Calibration results 

An inter-examiner and intra-examiner calibration for all variables were conducted for the 3 

examiners responsible of the data collection as well as for the principal investigator, who 

acted as the gold standard measurements. The inter-examiner calibration was carried out to 

calculate the interclass correlation coefficient (ICC) of the 3 examiners when compared to 

the gold standard measurements. Moreover, the ICC was also calculated within the 3 

examiners alone. The ICC obtained when compared to the gold standard was 0.997 and 

0.996 when calculated only within the examiners. Both ICC values are indicative of excellent 

reproducibility. The inter-examiner calibration for each examiner was conducted and the 

ICC obtained was 1.00 by the principal investigator (gold standard), 1.00 by the examiner 1, 

0.999 by the examiner 2 and 1.00 by the examiner 3. All ICC values indicate an excellent 

reproducibility. Table 1 shows a summary of the inter-examiner and intra-examiner 

calibration for all variables. 

An inter-examiner calibration was conducted for the primary outcome: baseline and follow-

up peri-implant marginal bone loss at both mesial and distal aspects. The ICC values 

obtained for the mesial baseline marginal bone loss were 0.994 for all examiners when 

compared to the gold standard and 0.989 for the examiners alone. Both ICC values are 

indicative of excellent reproducibility. Table 2 shows a summary of the inter-examiner 

calibration of the baseline mesial peri-implant marginal bone loss. The ICC values obtained 

for the distal baseline marginal bone loss were 0.995 for all examiners when compared to 

the gold standard and 0.994 for the examiners alone. Both ICC values are indicative of 
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excellent reproducibility. Table 3 shows a summary of the inter-examiner calibration of the 

baseline distal peri-implant marginal bone loss. 

The ICC values obtained for the mesial follow-up marginal bone loss were 0.992 for all 

examiners when compared to the gold standard and 0.986 for the examiners alone. Both 

ICC values are indicative of excellent reproducibility. Table 4 shows a summary of the inter-

examiner calibration of the follow-up mesial peri-implant marginal bone loss. The ICC values 

obtained for the distal follow-up marginal bone loss were 0.986 for all examiners when 

compared to the gold standard and 0.997 for the examiners alone. Both ICC values are 

indicative of excellent reproducibility. Table 5 shows a summary of the inter-examiner 

calibration of the baseline distal peri-implant marginal bone loss. 

An inter-examiner calibration was performed for each study variable individually. For the 

baseline apico-coronal position of implants, the ICC observed for all examiners when 

compared to the gold standard was 0.996 and 0.994 for the examiners alone. For the 

follow-up apico-coronal position of implants, the ICC observed for all examiners when 

compared to the gold standard was 0.997 and 0.995 for the examiners alone. Regarding the 

soft tissue apico-coronal width, the ICC observed for all examiners when compared to the 

gold standard was 0.997 and 0.996 for the examiners alone. When analyzing the distance 

between the mesial aspect of the implant platform and the cementoenamel junction of 

both the mesial and distal adjacent tooth, the ICC observed for all examiners when 

compared to the gold standard was 0.997 and 0.996 for the examiners alone. For the 

abutment height, the ICC observed for all examiners when compared to the gold standard 
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was 0.996 and 0.994 for the examiners alone. The mesial emergence angle showed an ICC 

for all examiners when compared to the gold standard of 0.998 and 0.985 for the examiners 

alone. On the other hand, the distal emergence angle showed an ICC of 0.997 for all 

examiners when compared to the gold standard and for the examiners alone. Finally, when 

evaluating mesial offset of implant-supported restorations from the implant platform, the 

ICC observed for all examiners when compared to the gold standard was 0.998 and 0.997 

for the examiners alone. On the contrary, the distal offset of implant-supported restorations 

from the implant platform obtained an ICC of 0.994 for all examiners when compared to the 

gold standard and for the examiners alone. Table 6 summarizes the inter-examiner 

calibration for all the study variables when analyzed individually. All of them demonstrate 

an excellent reproducibility.  

An intra-examiner calibration was carried out for all the variables individually. All variables 

showed a perfect agreement except for the emergence profile variable. A Weighted Cohen’s 

Kappa test was conducted to evaluate the emergence profile agreement. All examiners 

individually obtained a Kappa value of 1.00 when compared to the gold standard. Thus, all 

examiners exhibited a perfect agreement when compared to the gold standard. When a 

Weighted Cohen’s Kappa test was carried out to assess the intra-rater agreement, the gold 

standard, examiner 1 and examiner 3 obtained a Kappa Value of 1.00, which can be 

correlated with an excellent agreement. However, examiner 2 obtained a Kappa value of 

0.667, which falls into the category of ‘substantial agreement’.  All these measurements are 

summarized in Table 7. The intra-examiner reliability of examiner 2 was deemed as low and, 

therefore, the operator had to review and retake another set measurement until the Kappa 
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value achieved was > 0.80. Examiner 2 achieved a Kappa value greater than 0.80 during the 

second set of measurements. 
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7. Results 

7.1. Included sample 

A total of 1741 implants were reviewed in axiUm. After applying the inclusion and exclusion 

criteria, only 223 implants with at least 1 year of follow-up after definitive loading were 

included. Therefore, the inclusion rate of implants reviewed was 12.81%.  

From the 1714 implants reviewed, 671 (38.54%) were not included because their baseline x-

ray was an orthopantomography/panoramic, 392 (22.52%) had no periapical or bitewing x-

ray taken at least one year after the implant was loaded with the definitive restoration, 135 

(7.75%) were never restored, 114 (6.55%) had baseline or follow-up x-rays where peri-

implant marginal bone levels could not be seen clearly, 78 (4.48%) implants were 

supporting a fixed or removable full-arch prosthesis, 66 (3.79%) implants were placed on 

subjects who took or had taken bisphosphonates or under current or past chemotherapy or 

radiotherapy, 37 (2.13%) were placed in the same location of previous failed implants and 

25 (1.43%) had uncontrolled diabetes mellitus (Figure 6). 

 

7.2. Demographic characteristics of study sample 

A total of 223 implants in 134 subjects were included. The mean age of subjects included 

was 68.84 ± 13.76 years with a minimum of 30 years and a maximum of 94 years (Table 8). 

The study sample consisted of 71 (52.99%) males and 63 (47.01) females (Table 9).  
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The missing teeth most frequently replaced by the included implants were the right 

(12.56%) and left (10.31%) mandibular first molars. These were followed by the left 

maxillary first premolar (8.97%) and the right (8.07%) and left (7.62%) maxillary first molar. 

On the other hand, no implants replaced the left mandibular canine (0%) and only one 

(0.45%) implant replaced each tooth ranging from the left mandibular first premolar to the 

right mandibular canine (Figure 7).  

The number of implants included that were placed in the maxilla was 134 and 89 in the 

mandible, representing a 60.09% and 39.91% respectively (Figure 8). The majority of 

implants included replaced a posterior tooth (78.92%) while only a 21.08% replaced an 

anterior tooth (Figure 9). 

In terms of diameter, almost one third of all the implants analyzed were 5 mm wide 

(32.74%). The second and third more frequent implant diameters were 4.3 mm (30.49%) 

and 3.5 mm (23.32%). These three diameters correspond to Nobel’s wide, regular and 

narrow platform respectively (Figure 10). The most common length of implant included was 

10 mm (71.75%) followed by 11.5 mm (12.11%) and 8 mm (8.07%). The number of long 

implants were lower: 12 mm (1 .35%), 13 mm (6.28%) and 16 mm (0.45%) (Figure 11). No 

short implants (<8mm) fulfilled the inclusion/exclusion criteria. 

The vast majority of implants of the study sample were Nobel (86.55%). Straumann 

(10.31%) and Keystone Dental Implants (3.14%) were the other brands that comprise the 

implant study population (Figure 12). 
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7.3. Association between bone level and emergence profile (EP) 

The association between peri-implant marginal bone loss and emergence profile was 

individually analyzed at the mesial and distal aspects by running a mixed effect linear 

regression (Table 10). A total of 220 mesial emergence profiles were analyzed. The most 

frequently observed EP was straight (87) followed by concave (78) and lastly convex (55). 

There was not a statistically significant difference in mean change in mesial bone level 

between mesial emergence profiles concave and convex (p = 0.65) or between mesial 

emergence profiles concave and straight (p = 0.16). At the distal aspect, a total of 219 

emergence profiles were analyzed. Similarly, the most frequently observed EP was straight 

(90) followed by concave (74) and lastly convex (55). There was not a statistically significant 

difference in mean change in distal bone level between mesial emergence profiles concave 

and convex (p = 0.13) or between mesial emergence profiles concave and straight (p = 0.24)  

 

7.4. Association between bone level and emergence angle 

The association between peri-implant marginal bone loss and emergence angle was also 

independently analyzed at the mesial and distal aspects using a mixed effect linear 

regression (Table 11). A total of 220 mesial emergence angles with a mean of 31.21 ± 16.09° 

were analyzed. The maximum emergence angle observed was 90° and the minimum 2.77°. 

There was not a statistically significant association between change in mesial bone level and 

mesial emergence angle (p = 0.19). At the distal aspect, a total of 219 emergence angles 
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with a mean of 30.65 ± 16.97° were analyzed. The maximum emergence angle observed 

was 90° and the minimum 3.44°. There was not a statistically significant association 

between change in distal bone level and distal emergence angle (p = 0.98). 

 

7.5. Association between bone level and soft tissue apico-coronal 

width 

The mean soft tissue apico-coronal width was 2.96 ± 1.29 mm. The maximum soft tissue 

distance observed was 6.85mm. Mesial and distal marginal bone levels were evaluated 

independently by means of a mixed effect linear regression (Table 12). There was a 

statistically significant association between follow-up mesial bone level and soft tissue 

apico-coronal width (p < 0.001).  It is a negative association, for every unit increase in soft 

tissue apico-coronal width, follow-up mesial bone level decreases by 0.23 mm. On the other 

hand, there was a statistically significant association between follow-up distal bone level 

and soft tissue apico-coronal width (p < 0.001).  It is a negative association, for every unit 

increase in soft tissue apico-coronal width, follow-up distal bone level decreases by 0.35 

mm. 
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7.6. Association between bone level and CEJ of adjacent teeth 

The association between peri-implant marginal bone loss and the distance between the 

implant platform and the CEJ of the adjacent teeth was independently analyzed at the 

mesial and distal aspects by running a mixed effect linear regression (Table 13). A total of 

149 implants had a tooth mesial to the implant. The CEJ of the mesial adjacent tooth was 

4.52 ± 1.75 mm coronal to the implant platform. The maximum distance observed was 9.35 

mm and the minimum 0.78 mm. There was not a statistically significant association 

between follow-up mesial bone level and distance of the implant to the CEJ of the mesial 

tooth (p 0.07).  At the distal aspect, a total of 125 implants had a tooth distal to the implant. 

The CEJ of the mesial adjacent tooth was 2.15 ± 4.78 mm coronal to the implant platform. 

The maximum distance observed was 7.63 mm. The minimum distance of the CEJ of the 

distal adjacent tooth to the implant platform was - 0.33 mm, meaning that the CEJ was 

located apically to the implant platform. There was not a statistically significant association 

between follow-up distal bone level and distance of the implant to the CEJ of the distal 

tooth (p 0.12). 

 

7.7.  Association between bone level abutment height 

The mean abutment height was 2.16 ± 0.18 mm. The maximum abutment height observed 

was 9.72mm and the minimum 0 mm (restoration at implant level). Mesial and distal 

marginal bone levels were evaluated independently using a mixed effect linear regression 
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(Table 14). There was a statistically significant association between follow-up mesial and 

distal bone levels and abutment height (p < 0.001).  It is a negative association, for every 

unit increase in abutment height, there is a decrease of 0.24mm in follow-up mesial bone 

levels and a decrease of 0.18mm in follow-up distal bone levels. 

 

 

7.8. Association between bone level and the offset of crowns 

Likewise, the association between peri-implant marginal bone loss and the asymmetrical 

mesio-distal distance (offset) of crowns was also independently analyzed at the mesial and 

distal aspects by means of a mixed effect linear regression (Table 15). A total of 207 mesial 

crown offsets with a mean distance of 4.51 ± 1.17 mm between the implant axis and the 

most mesial point of the restoration were analyzed. The maximum mesial crown offset 

observed was 9.56 mm and the minimum 2.23 mm. There is not a statistically significant 

association between follow-up mesial bone level and mesial crown offset (p = 0.15). At the 

distal aspect, a total of 216 distal crown offsets with a mean of 4.25 ± 1.12 mm were 

analyzed. The maximum distal crown offset observed was 8.85 mm and the minimum 2.25 

mm.  There is not a statistically significant association between follow-up distal bone level 

and distal crown offset (p = 0.89). 
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7.9.  Multivariate mixed-effect model including emergence profile 

Two individual multivariate mixed effects models were created that included mesial and 

distal implant restoration emergence profiles to evaluate its association with peri-implant 

marginal bone level after at least 1 year of functional loading (Table 16). 

 

The first multivariate mixed effects model studied the association between follow-up mesial 

and bone level with mesial emergence profile, soft tissue apico-coronal width, mesial 

implant-CEJ of adjacent tooth distance, abutment height and mesial crown offset. There 

was a statistically significant difference in average follow-up mesial bone level between 

mesial emergence profile concave and straight (p = 0.001) adjusting for soft tissue apico-

coronal width, mesial implant-CEJ of adjacent tooth distance, abutment height, and mesial 

crown offset. There was a statistically significant association between average follow-up 

mesial bone level and soft tissue apico-coronal width (p < 0.001) adjusting for mesial 

emergence profile, mesial implant-CEJ of adjacent tooth distance, abutment height, and 

mesial crown offset. There was a statistically significant association between average 

follow-up mesial bone level and abutment height (p < 0.001) adjusting for mesial 

emergence profile, soft tissue apico-coronal width, mesial implant-CEJ of adjacent tooth 

distance, and mesial crown offset.   All other covariates included in the model were not 

statistically significant.   
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A second multivariate mixed effects model to explore the association between follow-up 

distal bone level with distal emergence profile, soft tissue apico-coronal width, distal 

implant depth CEJ, abutment height, and distal crown offset was created. There was a 

statistically significant association between average follow-up distal bone level and soft 

tissue apico-coronal width (p = 0.001) adjusting for distal emergence profile, distal implant 

depth, abutment height, and distal crown offset. All other covariates included in the model 

were not statistically significant.  

 

7.10. Multivariate mixed-effect model including emergence angle 

The same way as for the emergence profile, two individual multivariate mixed effects 

models were created which included both mesial and distal implant restoration emergence 

angles to evaluate its association with peri-implant marginal bone level after at least 1 year 

of functional loading (Table 17). 

A multivariate mixed effects model was created to study the association between follow-up 

mesial and bone level with mesial emergence profile, soft tissue apico-coronal width, mesial 

implant-CEJ of adjacent tooth distance, abutment height and mesial crown offset. However, 

there was no statistically significant associations between any of the covariates in the 

model. 

A second multivariate mixed effects model was created to explore the association between 

follow-up distal bone level with distal emergence angle, soft tissue apico-coronal width, 
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distal implant depth CEJ, abutment height, and distal crown offset. There was a statistically 

significant association between average follow-up distal bone level and soft tissue apico-

coronal width (p = 0.002) adjusting for distal emergence angle, distal implant depth, 

abutment height, and distal crown offset. All other covariates included in the model were 

not statistically significant. 
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8. Discussion 

The present study aimed to determine the influence of prosthetic, implant-related and 

surgical factors on marginal bone loss around dental implants with at least 1-year follow-up 

post- functional loading. Among the 1714 implants reviewed, a total of 223 were included. 

The study population consisted of a slightly greater number of males than females (52.99% 

vs 47.01%) and had a mean age of 68.84 years.  

 

The primary variables of this study were the restorative emergence profile and emergence 

angle. In this study, there was not a statistically significant difference in mean change in 

bone level between emergence profiles concave and convex or between emergence profiles 

concave and straight. However, there was a statistically significant difference in average 

follow-up mesial bone level between mesial emergence profile concave and straight after 

adjusting for the following confounders: soft tissue apico-coronal width, mesial implant-CEJ 

of adjacent tooth distance, abutment height, and mesial crown offset. Previous studies had 

determined that convex profiles create an additional risk of peri-implantitis for bone-level 

implants, but not for tissue-level implants.40 Yi et al.41 also observed that over-contoured 

implant restorations are a critical local confounder for peri-implantitis and claimed that they 

should be avoided. With regards to the restorative emergence angle, no statistically 

significant association between change in bone level and emergence angle was found. In 

agreement with our findings, Hentenaar et al.43 concluded that no correlation appeared to 

exist between the cervical emergence angle (the first 3 mm above the implant platform) 
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and peri-implant marginal bone loss around two-piece, platform-switched implants after 5 

years of function. On the contrary, previous literature identified a significant correlation 

between marginal bone loss and emergence angle.41, 42 An emergence angle of ≥ 30 degrees 

has been determined as significant risk indicator of peri-implantitis.40, 41 Several reasons 

could be hypothesized to explain these conflicting findings between this study and previous 

ones. Firstly, although the minimum sample size number was achieved to compare concave 

and convex as well as straight and convex emergence profiles, the minimum sample size of 

503 subjects per group necessary to achieve a 99% power to compare these two emergence 

profiles was not reached.  As the research project is still ongoing, more subjects will be 

reviewed and included in the study sample to reach the minimum sample size in all three 

groups. Secondly, the model of implants used could have influenced the results obtained for 

the emergence angle. An 89.45% of the implants included were Nobel and more than 75% 

of these Nobel implants were Nobel Replace Select. This implant model, which has a 1.5mm 

of machined collar, was used very differently among clinicians at Tufts University School of 

Dental Medicine. The machined collar position at time of implant placement varied 

significantly. While some clinicians deemed this implant as tissue level implant and placed 

the machine collar supracrestally, many other considered this implant model as a bone level 

implant and placed it equicrestally or subcrestally. These different philosophies could have 

affected the marginal bone remodeling around this type of implant model. The restorative 

emergence angle could also have been influenced by this factor as the emergence angle 

varies depending on how deep an implant is placed. Lastly, the method to measure the 

emergence angle in previous studies was not consistent and made it difficult to reproduce 
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and compare among studies.41, 42, 43 For instance, Hentenaar et al.43 used a very different 

method to assess the EA than the rest of studies. They evaluated the EA of the restoration 

at the 3 first mm by measuring each angle at three times. (Fig.4).   

In the current study, a statistically significant association between follow-up bone level and 

soft tissue apico-coronal width was observed. This association could also be observed after 

adjusting for confounders. This was a negative association in which, for every unit of increase 

in soft tissue apico-coronal width, follow-up mesial bone level decreased by 0.23 mm and 

follow-up distal bone level decreased by 0.35mm. These results agreed with those found by 

Linkevicius et al.28 that suggested that implants with an initial gingival tissue thickness at the 

crest may significantly influence marginal bone stability around implants. They observed a 

greater marginal bone loss when crestal soft tissue was 2.0 mm or less. 

No statistically significant association between follow-up bone level and the distance 

between the implant platform and the CEJ of adjacent teeth was found. Only one study 

previously evaluated this variable and determined that after controlling for patient-level 

factors, implant placement at a depth of 6 mm or more in relation to the CEJ of adjacent 

tooth (OR: 8.5) is associated with significantly increased risk for peri-implantitis.29 

Abutment height was found to have a statistically significant association with follow-up bone 

level in this study.  This was a negative association in which for every unit increase in 

abutment height, there is a decreased of 0.24mm in follow-up mesial bone level and a 

decreased 0.18 mm for the distal. This association was also statistically significant after 

adjusting for confounders. Abutment height has widely been studied in the literature and 
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similar findings were observed. Galindo-Moreno et al.32 observed that MBL rates were higher 

for prosthetic abutment < 2 mm vs. ≥ 2 mm and determined that the abutment height is a key 

factor in MBL. Spinato et al.33 also suggested that platform-switched implants restored with 

short abutments present greater marginal bone loss than identical implants with long 

abutments. In addition, also Blanco et al.34 observed that short abutments led to a greater 

interproximal bone loss in comparison with long abutments after 6 months. The abutment 

height results are intrinsically related to the soft tissue apico-coronal width results due to the 

fact that longer abutments are used to restore implants with a thicker crestal soft tissue. 

 

Finally, a statistically significant association between follow-up bone level and crown offset 

was not found before or after adjusting for confounders. This variable has also been studied 

by Kumar et al29, who found that an asymmetric prosthesis was associated with significantly 

increased risk (OR: 4.3) for peri-implantitis, after controlling for patient-level factors. 

Asymmetrical crowns can create areas of increased plaque retention due to altered 

emergence profiles, while functionally they cause aberrant occlusal load.29 

 

In this study, variables such as retention of the restoration (screw vs retained), type of 

implant (bone level or tissue level), single or splinted implants, cantilever restoration, 

number of stages, neighboring environment (teeth or implants), platform switching, ridge 

status (grafted vs non-grafted), past history of periodontitis and active maintenance 

program were not finally included in the statistically analysis due to lack of sufficient data. 
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As this project is still ongoing with data still being collected, eventually these variables will 

also be analyzed. 

Other limitations of this study include the retrospective nature of the study design which 

did not allow for the evaluation of variables such as bleeding on probing, suppuration or 

mucogingival deformities. As mentioned previously, factors such as the macro-structural 

design of the implants and the different implant placement philosophies among clinicians 

may have influenced the results.
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9. Conclusions 

- Within the limitations of this study, there is a significant statistical association between 

marginal bone loss and abutment height as well as soft tissue apico-coronal width. 

 

- There is not a statistically significant association between marginal bone loss and the 

restorative emergence angle, the restorative emergence profile, the distance between 

the implant platform and the cementoenamel junction of adjacent teeth distance and 

the offset of crowns. 

 

- After adjusting for confounders, there is a statistically significant association between 

follow up bone levels and abutment height, soft tissue apico-coronal width and mesial 

concave and straight emergence profiles. 

 

- Further longitudinal studies with larger samples sized are needed to confirm these 

findings.  
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Fig. 1. EA and EP measurements by Katafuchi et al.40 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. EA measurements by Yi et al.41 
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Fig. 3. EA measurements by Majzoub et al.42 

 

 

 

 

 

 

 

 

 

 

Fig. 4. EA measurements by Hentenaar et al.43 
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Fig. 5. Outcome parameter: marginal bone loss 
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Fig. 6. Inclusion/exclusion criteria 
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Fig. 7. Frequency of teeth replaced by implants in study sample 
 

 

Fig. 8. Frequency of implants placed in the maxilla or the mandible 
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Fig. 9. Frequency of implants replacing an anterior or posterior tooth 
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Table 1. Summary of inter-examiner and intra-examiner calibration for all variables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Summary of inter-examiner calibration of mesial baseline bone level 
 
 
 

 ALL MEASUREMENTS 
 ICC Reproducibility 

Gold standard - 3 examiners 997 Excellent 

Examiners together 0,996 Excellent 

Gold standard: intra-rater 1 Excellent 

Examiner 1 : Intra-rater 1 Excellent 

Examiner 2: Intra-rater 0,999 Excellent 

Examiner 3 : Intra-rater 1 Excellent 

 BASELINE MESIAL BONE LEVEL 

 ICC Reproducibility 

All examiners – Gold 
standard 

0,994 Excellent 

3 examiners 0,989 Excellent 
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Table 3. Summary of inter-examiner calibration of distal baseline bone level 
 
 

  
 
 
 
 

  
 
 
 
 
 
 
 

Table 4. Summary of inter-examiner calibration of mesial follow-up bone level 
 
 
 
  

 FOLLOW-UP DISTAL BONE LEVEL 

 ICC Reproducibility 

All examiners -  
Gold standard 

0,986 Excellent 

3 examiners 0,997 Excellent 
 
 

Table 5. Summary of inter-examiner calibration of distal follow-up bone level

 BASELINE DISTAL BONE LEVEL 

 ICC Reproducibility 

All examiners – Gold 
standard 

0,995 Excellent 

3 examiners 0,994 Excellent 

 FOLLOW-UP MESIAL BONE LEVEL 

 ICC Reproducibility 

All examiners – Gold 
Examiners 0,992 Excellent 

3 examiners 0,986 Excellent 
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Table 6. Summary of inter-examiner calibration of all the variables for all examiners and 

gold standard as well as examiners only 
 
 
 

 EMERGENCE PROFILE 
 Kappa Agreement 

Gold standard - Examiner 1 1 Perfect 

Gold standard - Examiner 2 1 Perfect 

Gold standard - Examiner 3 1 Perfect 
   

Intra-rater Gold standard 1 Perfect 

Intra-rater Examiner 1 1 Perfect 

Intra-rater Examiner 2 0,667 Substantial 

Intra-rater Examiner 3 1 Perfect 
 

 
Table 7. Summary of inter and intra-examiner calibration of emergence profile 
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Table 8. Sex characteristics of included sample 
 

 
 
 

Table 9. Age characteristics of included sample 
 
 

 
 

Table 10. Association between bone level and emergence profile 
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Table 11. Association between bone level and emergence angle 

 

 

 

 
 
 
 

Table 12. Association between bone level and soft tissue apico-coronal width 
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Table 13. Association between bone level and implant - CEJ distance 

 
 

 
 

Table 14. Association between bone level and abutment height 
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Table 15. Association between bone level and crown offset 
 
 
 
 
 

 
 
 

Table 16. Multivariate Mixed-effect model including emergence profile 
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Table 17. Multivariate Mixed-effect model including emergence profile 
 


