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Chapter 3

Changing the Implant-Abutment 
Interface Position

Crestal bone changes in macro geometrically similar implants

with the implant-abutment connection at the crestal bone level or 2,5 mm above:

a prospective randomized clinical trial
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Abstract

Objective: Crestal bone loss around dental implants is a criterion for success as this could 

prevent loss of implant and superstructure. The macro geometry of the implant could 

influence bone remodeling when the implant-abutment connection is placed at crestal 

bone level or above. The aim of this study was to evaluate crestal bone remodeling in 

a randomized clinical prospective trial in macro geometrical similar implants with the 

prosthetic connection at the crestal bone level and 2,5 mm above. The null hypothesis was 

that there was no difference in crestal bone loss after 1 year of early loading.

Materials & Methods: Patients were referred to ACTA for implant placement. Patients 

were subjected to inclusion and exclusion criteria and received a minimum of 2 implants: 

an implant with the prosthetic abutment connection at the crestal bone level (MC, bone 

level) and one with the prosthetic abutment connection 2,5 mm supra crestal (LC, soft 

tissue level). The mesial or distal position of each implant type was blinded for the patient 

and randomized. The implants were loaded splinted after 3 weeks of healing. The primary 

outcome was bone level changes assessed after one year of loading.

Results: 33 patients fulfilled the inclusion criteria. 39 Thommen SPI-ELEMENT LC implants 

and 39 MC were placed and each fixed dental prosthesis was supported by one LC and one 

MC implant. The intra-class correlation of measures performed by the first and second 

x-ray examiner was on the mesial side of the MC implant 0.990 (0.980-0.995; 95 % CI). 

0.980 (0,962-0,990; 95 % CI) on the distal side of the MC implant. 0,979 (0.959-0.989; 95 

% CI) and 0,988 (0.978-0.994; 95 % CI) mesial and distal of the LC implant respectively. 

The mean bone loss of the MC implant was 0.4 ± 0.4 mm. The mean bone loss of the 

LC implant was 0.2 ± 0.5 mm. The paired-samples test showed a statistical significant 

difference (P < .05) between the MC and LC implants.

Conclusion: Dental implants at bone level show statistical significant (P < .05) more crestal 

bone change after one year of loading than a soft tissue level implant.



Crestal bone changes in macro geometrically 
similar implants with the implant-abutment 
connection at the crestal bone level or 2,5 mm 
above: a prospective randomized clinical trial

Introduction

Dental implants are a predictable long-term method for replacing tooth roots (Astrand et 

al. 2004, Lekholm et al. 2006). The osseointegration process provides a sturdy connection 

to bone and the grade IV titanium by in growth of osteoblasts (Terheyden et al. 2012, Ter-

heyden et al. 2013). The remodeling of bone starts directly after preparation of the implant 

bed as well as the bone healing process. Osteoblast adhesion to the implant surface and 

the osseointegration process starts approximately three weeks postoperatively (Terheyden 

et al. 2012). During this healing process bone remodeling occurs (Iezzi et al. 2013, Schwarz 

et al. 2013). This is often resulting in crestal bone loss (Hermann et al. 2000, Hermann et al. 

2001, Piattelli et al. 2013).

The quality of the soft- and hard tissue are described as dominating factors in bone heal-

ing and thus in successful long-term integration, early bone loss and bone remodeling 

(Linkevičius et al. 2009, Linkevičius et al. 2013). 

A review (Oh et al. 2002) describes possible contributing factors to early bone loss and bone 

remodeling. They concluded that reformation of biological width; microgap, implant crest 

modules and occlusal overload are the most contributing factor. They expressed however 

their need for well-controlled randomized clinical trials to determine each contributing fac-

tor. Another review (Tatarakis et al. 2012) studied the possible causes of early bone loss. 

They defined host-related factors; implant design, the surgical and restorative protocol as 

contributing. They found that a steady state of the peri-implant tissues was established after 

execution of the surgical and restorative protocol regardless of the implant type and surgical 

protocol. The role of the position of the microgap, as an important determinant during the 

formation of the biological width, however was still unclear. 

Bone remodeling is expected to occur when the body is trying to recover or establish a 

biological width (Cochran & Nevins 2012). Biologic width is the defense line in which the 

mucosa fits like a cuff of a sleeve around the trans mucosal part of the implants (Broggini 
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et al. 2006, Broggini et al. 2003). This is described as an inflammatory response of tissues 

(Broggini et al. 2003, Cochran et al. 1997). Furthermore osseointegration is an active pro-

cess involving remodeling of existing bone and new bone formation from the first moment 

the implant is inserted. Research shows that early loading can positively enhance bone for-

mation possibly due to micromovements, which stimulate osteoblasts (Duyck et al. 2006, 

Esposito et al. 2013).

Most of the dental implants can be differentiated as either bone level or soft tissue level 

implants. The main difference is in the connection of the implant to the abutment (Hermann 

et al. 2001). The space between the implant and abutment is described as the microgap. 

Some authors described the shape of the implant-abutment interface contributing to crestal 

bone loss (Hermann et al. 2001, Weng et al. 2010). Others the shape of the microgap for 

example the steepness of the Morse taper, butt-joint with external hex connection (Weng 

et al. 2010). The thickness and type of soft-tissue may also have his contribution to bone 

remodeling or crestal bone loss (Linkevičius et al. 2009). In patients with a thick biotype and 

presence of a wide zone of keratinized mucosa (Hanggi et al. 2005, Linkevičius et al. 2009a, 

Linkevičius et al. 2009b, Linkevičius et al. 2010) less crestal bone loss is seen around dental 

titanium implants.

 

In a bone level implant, the abutment is connected at bone level, making the connection 

through the mucosa, thus the soft tissue is not around the implant but around the abutment 

and the microgap is at the crestal bone level. Soft tissue level implants make their connec-

tion to the abutment at a distance from the bone; the soft-tissue is around the implant and 

the microgap is at a distance from the bone. To study the influence of the position of the 

implant-abutment connection on crestal bone remodeling in similar geometrical implants a 

randomized prospective trial is the advisable research setup.

The aim of this study was to evaluate crestal bone remodeling in a prospective random-

ized clinical trial observing geometric similar implants with the prosthetic connection at the 

crestal bone level or 2,5 mm above. The null hypothesis was that there was no difference in 

crestal bone loss after 1 year of early loading.

Materials & Methods

All procedures were performed at the Department of Implantology, Academic Centre of 

Dentistry Amsterdam (ACTA) and approved by the medical ethics committee of the Free 



University (METc VUMC registration number 2009/221) and according the Declaration of 

Helsinki. Patients were referred by their respective dentists to the ACTA for implant-support-

ed 3-unit fixed restorations in the posterior maxilla or mandible. This study was performed 

between November 2012 and June 2013. Based on a power calculation a minimum sample 

size of 16 was determined. Patients aged between 25 and 85 years were eligible for inclu-

sion in the study on fulfilling all the following criteria: (1) Requirement of a 3-unit fixed 

dental prosthesis supported by 2 implants in a molar/premolar area, (2) adequate bone 

height for implant placement without any bone regeneration, (3) agreeable to visiting every 

3 months for a strict oral hygiene protocol, (4) adequate oral hygiene, and (5) willing to sign 

the informed consent.

Patients were excluded from the study if they fulfilled any of the following criteria: (1) medi-

cal conditions that contraindicate surgery, e.g., severe cardiac and pulmonary disorders, 

uncontrolled diabetes or chronic liver disease, (2) suffering from periodontitis, or (3) prob-

lematic substance users.

At the time of inclusion in the study, patients were advised regarding the nature of the 

study, and the clinical procedures and possible risks involved. At intake an OPG (Orthopanto-

mograph OP-100 D) was taken to assess the available bone height for implant placement. An 

impression was made with irreversible alginate impression material (CA 37; Cavex, Haarlem, 

Holland) and working casts (type III dental stone (Moldano)) were made by the dental tech-

nician. Mandibular and maxillary casts were mounted in a semi-adjustable articulator. On 

these casts a prosthetic set-up was made. A vacuum retainer was fabricated (1 mm Biolon, 

Dreve Dentamid GmbH, Unna, Germany) to assess the correct position during placement of 

the implants. Furthermore an individualized x-ray film holder (Rinn-holder and 1 mm Biolon, 

Dreve) was designed in a way that future x-rays have reproducible settings and directions. 

A week before the surgery, all patients received a precise overview of the treatment and 

an informed consent was obtained. The oral hygiene was examined according to the Dutch 

periodontal screening index (DPSI). General surgery-related instructions were provided and 

the patients were again advised about the procedure and risks involved. One and the same 

clinician carried out the surgical procedure. The clinician also carried out the prosthetic 

procedures and the fixed dental prostheses were provided by the same dental laboratory 

(Tandtechnisch Laboratorium Zutphen, Zupthen, the Netherlands). 

Patients received prior to surgery a non-steroidal anti-inflammatory medication (600 mg 

Brufen bruis, AbbVie S.r.l., Campoverde di Aprilia, Italy) and mouth rinsing for 1 minute with 
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0.2 % chlorhexidine (Corsodyl; 

GlaxoSmithKline, Utrecht, the 

Netherlands). Implant place-

ment was performed under 

local anaesthesia (articaine 

hydrochloride 4% with epine-

frine 1:100000; Ultracain ds 

forte, Aventis). After a crestal 

and partial sulcular incision 

on neighboring elements a 

flap was deflected. To perform 

minimum invasive surgery no 

releasing incisions were used. 

The osteotomies were per-

formed using the prosthetic 

set-up vacuum retainer and the 

position of the implants was 

decided such that a fixed dental 

prosthesis with three premolar 

sized units could be placed post 

surgically. The operator and the 

patient were blind to the random allocation of the bone level (minimized collar, MC. 0,5 

mm machined neck for crestal placement) and soft tissue level implant (long collar, LC. 2,5 

mm machined neck for trans mucosal placement) on the either mesial or distal implant site 

(figure 1). This random allocation was performed by the supervisor and dental assistant by 

chance of a dice. Because of the similar shape of both implants, the osteotomies were iden-

tical until placement of the implants. Implants were conditioned chair side to achieve a hy-

drophilic implant surface (APLIQUIQ®). 2 implants with similar length (SPI ELEMENT INICELL, 

Thommen Medical AG, Grenchen, Switzerland) were placed following manufactures guide-

lines. The implants were slowly threaded into its final position either with torque wrench 

or contra-angle hand piece at a maximum speed of 30 rpm. The machined polished implant 

collar of the MC implant should be positioned under the crest (according to the manual). A 

torque wrench was used to measure insertion torque at the correct bone level. A healing 

cap was placed and all wounds were tension free sutured with polypropylene 6/0 (Hu friedy, 

Chicago, IL, USA). Healing caps heights were chosen in way that the patient was blinded for 

the position of each implant type. All implants were placed one-stage.

Figure 1: The bone level (minimized collar, MC. 0,5 mm 
machined neck for crestal placement) and soft tissue level 
implant (long collar, LC. 2,5 mm machined neck for trans 
mucosal placement) directly after implant placement.



All patients received a prescription postoperatively for 0.2 % chlorhexidine mouth rinse 

(Corsodyl; GlaxoSmithKline, Utrecht, the Netherlands) 3 times a day for two weeks. No pain-

killers were prescribed, and patients were advised to use acetaminophen when necessary. 

Furthermore extensive, intermittent, extra-oral cooling with cold-packs was advised for 24 

hours.

2 Weeks post operation the sutures were removed. When insertion torques at implant place-

ment were higher than 10 Ncm the healing abutments were removed and a 16mm long cy-

lindrical impression coping (Thommen Medical AG, Grenchen, Switzerland) was fitted. Both 

posts were splinted with dental floss (Johnson & Johnson, New Brunswick, New Jersey, USA) 

and an autopolymerising acrylic resin (Protemp, 3M ESPE, Seefeld, Germany). In patients 

with a reduced mouth opening the impression copings could be reduced in length accord-

ing to the manufactures guidelines. Custom impression trays (lightplast base plates; Dreve 

Dentamid GmbH, Unna, Germany) were fabricated with openings for the screw retained 

splinted posts. A full arch polyether material (Impregum F, 3M ESPE, Seefeld, Germany) was 

taken where after the healing caps were replaced.

One week later (3 weeks after surgery) healing caps were removed and the porcelain fused to 

metal fixed dental prosthesis were fitted. All FDP’s were screw retained. The fit was checked 

by x-ray on passive fit. The occlusion was designed to minimize occlusal force onto the im-

plants and to maximize force distribution to adjacent natural teeth. To accomplish these 

objects, anterior and lateral guidance should be obtained in natural dentition. The occlusal 

force in ICP: light contact (30μ) in heavy bite and no contact in light bite. The internal screws 

were tightened at 15 Ncm. The screw-access hole was closed with Teflon tape and a tem-

porary filling material (Cavit-W, 3M ESPE, Seefeld, Germany) for easy access after 12 weeks. 

All patients received a thorough dental hygiene instruction using interdental brushes (Inter-

prox plus, Dentaid Benelux, B.V. Houten, the Netherlands).

Nine weeks later (12 weeks after surgery) the fixed dental prosthesis was removed and ISQ 

measurements were taken. When necessary the dental hygiene was adjusted. The fixed 

dental prosthesis was screwed into position with 25 Ncm torque, according to manufactures 

guidelines. Polytetrafluoroethylene tape (Gastec QA, Apeldoorn, the Netherlands) was con-

densed into the screw-access hole and opaque composite (Filtek™ Supreme XTE, 3M ESPE, 

Seefeld, Germany) was used to seal the screw-access hole.
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Forty weeks later (52 weeks after surgery) an x-ray was taken with an individualized film. To 

assure a reproducibility of the dental x-rays, an individualized x-ray film holder (Rinn-holder 

and 1 mm Biolon, Dreve) was made for each patient. The radiographs were made with a 

square tube using the long-cone paralleling technique (Meijndert et al. 2004). It was fitted 

onto the antagonist jaw so that the first x-ray after placement was directed the same as the 

one and 12 months. This is because the fixed dental prosthesis was not fitted until week 3.

 

A phosphor plate x-ray (Durr Dental, Bietigheim-Bissingen, Germany) was used and the x-

ray tube (Planmeca, Helsinki, Finland) had the same setting in each patient. Image J (1.47 V 

Wayne Rasband, National institutes of health, USA) software was used to assess the mesial 

and distal bone levels. Each radiographic picture was randomly numbered and the measure-

ment moment (T0 or T12) was blinded for the examiners. The scale was set and calibrated 

by the width of the dental implant. This yielded a pixel/mm ratio. Radio graphical bone lev-

els were calculated between placement and 12 months. Two examiners made independent 

of each other measurements in a darkened room to assure most accurate measurements. 

The primary goal was to assess bone level changes, which were seen on x-ray. 

Figure 2: The standardized x-ray was used to obtain the radiographical bone levels.



Statistical Analysis

For statistical analysis, the SPSS statistical package (SPSS 21, SPSS Inc., Chicago, IL) was used. 

The inter-examiner score was assessed and yielded an intra-class correlation coefficient 

(ICC) and a 95 % confidence interval (CI). The analysis of mean crestal bone loss for the me-

sial a distal aspect was performed by a paired-samples t-test. The scores of the worst case, 

i.e. the most crestal bone loss of either the mesial or distal side of each implant, were used 

for statistical testing. A Shapiro-Wilk’s test was used to test the null hypothesis that the data 

is normally distributed. In patients with multiple fixed partial dentures only one fixed partial 

dentures was randomly selected for statistical testing.

According to the intent to treat analysis all patients were treated as intended and thus no 

effort was made to correct statistically for the early or conventional loading of the implants. 

The patient, that lost one MC implant was retreated 3 months later and was however ex-

cluded from further statistical testing because both implants were not loaded at the same 

moment and thus could bias our results.

Results

The patients were prospectively followed-up over a period more than 1 year. 33 consecutive 

patients (20 women and 13 men), with a mean age of 61 (range 36–85) years, fulfilled the 

inclusion criteria set for this randomized trial. 78 implants were placed; 39 Thommen SPI-

ELEMENT LC implants and 39 Thommen SPI-ELEMENT MC. 1 patient received 8 implants, 3 

patients 4 and 29 patients 2 implants. One LC and one MC implant supported every fixed 

dental prosthesis.

5 implants showed insertion torque values lower than 10 Ncm (6%). In accordance with 

the study-protocol all 10 implants involved were not loaded until 3 months of healing. One 

patient lost a MC implant owing to an infection in week 3 (1,3%). One patient was lost in the 

one-year follow-up because of death. The death was of natural causes and not related to 

the treatment. 66 implants were loaded 3 weeks after the placement of the implants (85%).

A Shapiro-Wilk’s test (P > .05) showed that the data was approximately normally distributed 

for the worst MC and LC implants, with a skewness of -0.35 (SE = 0,42) and a kurtosis of -0,58 

(SE = 0,82) for the MC implants and a skewness of -0.31 (SE = 0,42) and a kurtosis of -0,375 

(SE = 0,82) for the LC implants.
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The intra-class correlation of measures performed by the first and second x-ray examiner 

was on the mesial side of the MC implant 0.990 (0.980-0.995; 95 % CI). 0.980 (0,962-0,990; 

95 % CI) on the distal side of the MC implant. 0,979 (0.959-0.989; 95 % CI) and 0,988 (0.978-

0.994; 95 % CI) mesial and distal of the LC implant respectively.

The mean bone loss of the MC implant was 0.4 ± 0.4 mm; with maximum, minimum and 

median of respectively 0.37, -1.29 and -0.36. The mean bone loss of the LC implant was 0.2 

± 0.5 mm; with maximum, minimum and median of respectively 0.68, -1.11 and -0.11. The 

paired-samples test t (30) = -2.4, P = 0.023 showed a statistical significant difference (P < .05) 

between the MC and LC implants. 

Discussion

The aim of this study was to evaluate the crestal bone changes if the position of the implant-

abutment connection differs, in implants with similar macro geometry. In this study a sta-

tistical significant difference in favour of the LC (soft tissue level implants) (P < 0.05) was 

measured when placing the implant-abutment connection at the crestal bone level or 2,5 

mm above. 

The amount of mean bone loss in the first year of loading is consistent with the current 

literature (Albrektsson et al. 2012, Linkevičius et al. 2009). The difference in bone and soft 

tissue level implants isn’t. These results are conflicting with the current literature (Fernán-

dez-Formoso et al. 2012, Kadkhodazadeh et al. 2013, Lee et al. 2010, Shin et al. 2006). In 

a clinical study (Fernández-Formoso et al. 2012) the change in marginal bone levels when 

using Straumann implants was looked at. Patients were randomized in a control and a test 

group. Patients in the test group received a bone level implant with a platform switched 

abutment. Patients in the control group received a soft tissue level implant with a standard 

matching abutment. The mean crestal bone change in implants with the prosthetic connec-

tion at the crestal bone level demonstrated a bone gain of 0.04 mm +/- 0.50 mm, while the 

implants with the prosthetic connection above the crestal bone level lost 0,42 mm +/- 0,11 

mm. All these single crowns were cemented and not loaded under similar circumstances. 

Not every subject received an implant of both type and the macro geometry is very differ-

ent. All these factors could influence the crestal bone change.

In the present study macro geometrically similar implants were used with the smooth collar 

above the crestal bone level as the placement below the crestal bone could influence the 



bone remodeling. In a clinical randomized trial this effect was studied (Bratu et al. 2009). 

Similar macro geometrically implants were placed in test and control groups. The implants 

in the control group had a 1 mm machined smooth collar, while the test group had micro-

threads in this position. A mean bone change of 0,69 +/- 0,25 mm was seen in the test group 

while a loss of 1,47 +/- 0,4 mm was seen in the control group. They concluded that the pres-

ence of microthreads could influence the crestal bone change. The position of the smooth 

collar however beneath the bony crest could negatively influence the bone level. as well. 

In a canine model (Cochran et al. 2009) the influence of the implant placement depth and 

the mismatching of the implant-abutment (platform-switch) was tested They placed 6 im-

plants in the canine mandible to test the effect on crestal bone change when placing the 

microgap at different heights from the bony crest. 3 implants were submerged and 3 non-

submerged. The first implant was placed even with, the second one mm below and the third 

one mm above the bony crest. They found a significant difference of crestal bone change in 

every group, 0.34, -1.29, and 0.04 mm, respectively. This indicates that the position of the 

microgap could promote bone remodeling and crestal bone loss. 

The influence of the position of the microgap has been described in earlier research. A me-

ta-analysis (Atieh et al. 2010), which studied the role of changing the implant-abutment con-

nection to one with a smaller diameter, showed that the epithelial connection is elongated. 

This idea was originally designed to ‘trick’ the biological width from vertical to horizontal 

length. This platform-switching concept between the implant and the abutment could con-

tribute to the preservation of bone (Hurzeler et al. 2007, Vandeweghe & De Bruyn 2012).

The effect of the smooth collar beneath the bony crest could explain the negative difference 

in crestal bone change in the MC (bone level implants) in this study. The manufactures’ 

guidelines stated that the minimized collar of 0,5 mm should be below the bony crest. In 

numerous cases this meant we had to remove bone during surgery to flatten the processes 

alveolaris at the MC position. A clinical study (Ikeda & Takeshita 2014) described factors and 

mechanisms involved in the resorption and formation of bone. Removal of cortical bone 

activates the cascade involving bone formation and resorption and could contribute to dif-

ference in between the bone and soft tissue level implants. The bone remodeling however 

was limited in almost all the cases in the smooth-rough junction on the MC and LC implants.
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A systematic review (Wittneben et al. 2014) described another factor, which could influ-

ence the bone remodeling, in a systematic review. They looked at the clinical performance 

of screw- versus cement-retained fixed implant supported reconstructions. They showed 

that there was no statistical significant difference in failure rates after 5 years of loading in 

between cemented or screw retained when grouped for single crowns or fixed dental pros-

theses. Furthermore they concluded that the abutment type did not influence the failure 

rate. There was however statistical significant fewer technical (P < 0.01) and biological (P < 

0.001) events when reconstructions were screw retained. Most of the studies, which report 

of differences in bone and soft tissue level implants, contain cement retained fixed dental 

prosthesis. All our fixed dental prosthesis was screw-retained to cope with this potentially 

negative influencing factor. 

In this study every patient received randomly assigned a bone and soft tissue level implant 

within the same fixed dental prosthesis. In this way both implants are really comparable as 

they are loaded and have similar etiological factors, which could influence bone remodeling. 

A systematic review (Hsu et al. 2012) on all biomechanical complications of dental implant 

treatments concluded that occlusal overloading of a dental implant could be the primary 

etiologic factor in biomechanical complications and marginal bone loss. Albrektsson et al. 

(2012), Oh et al. (2002), Tatarakis et al. (2012) have described this contributing factor as 

well.

In conclusion, the present study shows that similar macro geometrical implants with the 

implant-abutment connection at the crestal bone level demonstrate statistically significant 

(P < 0.05) more initial bone loss than when the implant-abutment connection is 2,5 mm 

above the crestal bone level. The effect on the marginal bone loss in relation to the position 

on microgap should however be followed-up over a longer period of time. Furthermore the 

loading of 2-splinted implants in the (pre) molar area at week 3 is a predictable treatment 

option when torque values are above 10 Ncm.
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