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Crestal bone changes around implants with the implant-abutment connection 

epicrestal or above: systematic review and meta-analysis
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Abstract

Purpose: The choice of dental implants to be used for root replacement is growing. All 

types of implants may be divided into two types, e.g. the placement of a dental implant 

should be epicrestal or supracrestal. The main difference is the position of the implant-

abutment connection. Biological reactions are involved in this choice. 

The aim of this systematic review and meta-analysis was to evaluate crestal bone changes 

around implants when placing the implant-abutment connection at the crestal bone level 

or above.

Materials & Methods: Medline (Pubmed), EMBASE and Cochran Library up to January 

2014 were electronically and hand searched for any publications which evaluated 

radiographic crestal bone changes around non-submerged, rough surfaced implants in 

healed sites, humans and were loaded for a minimum of one year. 

Results: The search yielded 1122 (n  = 1122) publications. 1106 could not be included.

16 full text articles were read and subjected inclusion and exclusion criteria, 4 were 

included. The mean difference was -0.29 mm (95% CI, -0.58 mm to -0.01 mm). 

Heterogeneity between studies was observed (I² = 95%). Significant more crestal bone 

change was seen in the epicrestal implant-abutment (bone level) connection group when 

compared to implants with the prosthetic connection above the crestal bone level (soft 

tissue level) (P < 0.00001).

Principal Findings: Some randomized clinical trials have been performed to study the 

difference in bone remodeling in both types of implants. 

Interpretation: Dental implants at bone level show significant less crestal bone change 

after one year of loading than a soft tissue level implant.
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Crestal bone changes around implants with the 
implant-abutment connection epicrestal or above: 
systematic review and meta-analysis

Introduction

Dental implants are widely used to replace missing teeth. They can have various surface 

characteristics, lengths, shapes and design. All these factors can influence crestal bone 

change. The amount of crestal bone loss around a dental implant is a criterion for success. 

After placing dental implants in edentate jawbone a cascade of biological events occur dur-

ing the osseointegration process (Terheyden et al. 2012). Contrary to bone loss due to a 

pathological process, bone remodeling is a physiological process to achieve the biological 

width (Cochran & Nevins 2012, Hermann et al. 2000, Hermann et al. 2001, Linkevičius & 

Apse 2008). Directly after implant insertion, this physiological remodeling starts to ensure 

a healed bone site (Terheyden et al. 2012). During this process, bone reaches the rough 

surface of the implant locking the implant in its site. The shape of crestal bone around the 

implants changes both horizontally and vertically (Ericsson et al. 1996, Ericsson et al. 1995). 

Various factors have been described to control and ideally minimize this remodeling process 

(Hanggi et al. 2005, Schwarz et al. 2013). For example, anatomical situations of bone and 

surrounding tissues can affect the amount and shape of the bone remodeling. Also, flap 

thickness has been associated with bone loss. A significant higher bone loss was observed 

in tissue thickness less than 2.0 mm (Linkevičius et al. 2009). Other studies found that min-

imal invasive surgery and soft-tissue management were influencing bone resorption and 

revascularization of the soft and hard tissues (Burkhardt & Lang 2005, Cortellini & Tonetti 

2007, Tibbetts & Shanelec 1998). More bone loss was observed when operation times were 

elongated, dehydration of flaps occurred or porous suture material were used (Leknes et 

al. 2005, Parirokh et al. 2004, Selvig et al. 1998, Tabanella 2004) (Zuhr & Hürzeler 2012). 

Also the connection of the implants to the abutments may also influence the bone remod-

eling process. A meta-analysis, which studied the role of changing an implant-abutment 

to one with a smaller diameter, showed that the epithelial connection is elongated (Atieh 

et al. 2010). This idea was originally designed to trick the biological width from vertical 

to horizontal length (Hurzeler et al. 2007, Vandeweghe & De Bruyn 2012). This so-called 

platform switching between the abutment and implant contributed to the preservation of 

bone (Atieh et al. 2010). A systematic review was performed to review the literature on the 

position of the implant-abutment connection. There was lack of evidence to support any 
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conclusions (Schwarz et al. 2013). Another item in the implant-abutment connection is the 

placement of the implant at epicrestal (bone level) or above (soft tissue level). The position 

of the microgap changes and thus a reaction on the biological width can be expected. In 

this manner both types of implant designs have been observed to have a minor amount of 

bone loss (Albrektsson et al. 2012). There is however, only limited level of evidence on bone 

remodeling around different type of implants when comparing bone level to soft tissue level 

implants. Therefore, the aim of this systematic review was to evaluate the effect of bone 

remodeling when using bone and soft tissue level implants.

Materials & Methods

The PICO question was formed; P: patients with loaded implants for a minimum of 1 year, I: 

Implant placed with prosthetic connection at bone level, C: Implant placed with prosthetic 

connection at soft tissue level and O: crestal bone level change between placement and 

minimal one year of loading (table 1). The question asked was if there was any difference 

on crestal bone change in implants with the implant-abutment connection at crestal bone 

level or above.

Table 1: PICO-question
Population Patients with loaded implants for a minimum of one year

Intervention Implant placed with prosthetic connection epicrestal

Control Implant placed with prosthetic connection above crestal bone 
level

Outcome Crestal bone level change between placement and minimal 
one year of loading

This systematic review was performed according to the PRISMA statement (Moher et al. 

2009). A thorough electronic search was performed via Medline (Pubmed), EMBASE and 

Cochran Library in January 2014. A hand search was performed in Clinical oral implants 

research and International journal of oral & maxillofacial implants. All articles were hand 

searched for related and relevant citations until January 2014.

The online searches were performed using Boolean operators. The Mesh terms included 

‘dental implants’ AND ‘(bone remodeling OR alveolar bone loss)’.



Abstracts were read to include studies. Two reviewers looked independent of each other at 

the results (PvE and AT). If any doubt this was solved by discussion following the inclusion 

and exclusion criteria as mentioned in table 2.

Table 2: Selection criteria
Inclusion • English language

• Human

• Radio graphical follow-up

• Minimal of one year loading

• At bone level and soft tissue level

• Prospective randomized clinical trial

Exclusion • In vitro 

• Immediate placed implants

• Machined implants

• Non cylindrical implants

• Non screwed implants

• Non responding authors for missing data

• Double published articles

All full texts were obtained and the following relevant data was extracted: number of control 

and test implants, data of publication, amount of assessors, number of patients, number of 

drop-outs, implant brand, length of smooth collar, follow-up period, years of loading, way of 

radio graphical assessment, crestal bone change and standard deviations. If any data was un-

clear of missing the authors of the articles were contacted. The primary outcome is any chang-

es in crestal bone levels at either mesial, distal or both sides on the control and test implants. 

For the meta-analysis of data Review Manager ((RevMan) [Computer program]. Version 

5.2.8. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008) was 

used. Results were expressed as mean differences with 95% confidence intervals (CI). Data 

were pooled across studies using the random effects model by invariance weighting. The as-

sessment of heterogeneity between studies was performed by I2 statistical analysis (Higgins 

& Thompson 2002). The qualitative assessment of studies was performed according to the 

Cochran handbook for systematic reviews of interventions (Higgins et al. 2011).
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Results

The electronic search yielded 1110 publications. The hand search and related citations re-

sulted in 12 additional publications. Of these 1122 publications 1106 articles couldn’t be 

included based on the inclusion criteria by reading the abstracts. The 16 remaining full text 

articles were read and subjected to the pre-mentioned exclusion criteria. Of these 16 pub-

lications 7 (Bratu et al. 2009, Fernández-Formoso et al. 2012, Kadkhodazadeh et al. 2013, 

Lee et al. 2010, Nickenig et al. 2013, Shin et al. 2006, Turk et al. 2013) were included in this 

systematic review and meta-analysis.

Records screened
(n = 1,122)

Records excluded
(n = 1,106)

Full-text articles
assessed for eligibility

(n = 16)

Full-text articles
excluded, with reasons

(n = 12)

Studies included in
qualitative synthesis

(n = 4)

Studies included in
quantitative synthesis 

(meta-analysis)
(n = 4)

Records identified through 
database searching

(n = 1,110)

Additional records identified 
through other sources

(n = 12)

Records after duplicates removed
(n = 1,122)

Figure 1: Selection of articles PRISMA guidelines.



In three publications data was not completed (Kadkhodazadeh et al. 2013, Nickenig et al. 

2013, Turk et al. 2013), therefore authors were contacted. One group did not reply and was 

excluded (Turk et al. 2013). Two papers evaluated their study results by means of an Ortho-

pantogram (OPG) and were excluded (Bratu et al. 2009, Nickenig et al. 2013) resulting in 4 

eligible publications for meta-analysis (Bratu et al. 2009, Fernández-Formoso et al. 2012, 

Lee et al. 2010, Shin et al. 2006) (figure 1). The assessment of heterogeneity and the quality 

of the studies were evaluated according to the Cochran Handbook (Higgins et al. 2011) and 

is stated in table 3. 

Table 3: Methodological quality of studies
following the Cochran Handbook

Random 
sequence 
generation

Allocation 
concealment

Blinding
participants

Blinding 
outcome
assessment

Selection 
outcome 
reporting

Fernández-Formoso, 
Rilo et al. + + + – +

Lee, Piao, et al. + + ? – –

Kadkhodazadeh, 
Heidari et al. + + ? – +

Young-Kyu Shin, 
Chong-Hyun Han 
et al.

+ + + – +

In all studies different implants systems were used. Distribution of implants is shown in table 

4. A total of 351 implants were placed in 198 patients between October 2002 and December 

2012. The follow-up period varied from 1 to 3 years. Patients varied in age between 16-78. 

All studies excluded patients with general medical conditions contraindicating implant sur-

gery, problematic substance users, bruxists and periodontal disease. 
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Table 4: Implant systems
Patients Control implants Length 

smooth 
neck

Test implants

Fernández-Formoso, 
Rilo et al.
(Fernández-Formoso 
et al. 2012)

51 56 Straumann SP 1,8 mm 58 Straumann BL

Lee, Piao et al.
(Lee et al. 2010)

54 45 Branemark 0,8 mm 45 Hexplant BL

Kadkhodazadeh, 
Heidari et al.
(Kadkhodazadeh et 
al. 2013)

25 52 Thommen 1,0 and 1,5 
mm

23 All-fit SSO BL

Young-Kyu Shin, 
Chong-Hyun Han et 
al. (Shin et al. 2006)

68 34 Stage-1 1,8 mm 38 One-plant BL

Total numbers 198 187 soft tissue 
level

164 bone level

90 Implants of 351 implants had an external connection (Lee et al. 2010). 96 Implants had a 

platform switch design, restored with fixed partial denture (Fernández-Formoso et al. 2012, 

Shin et al. 2006). All superstructures were single or multiple fixed partial dentures. All im-

plants included in the selected studies survived and no chipping of porcelain, or screw loos-

ening was reported. In one study dropouts were reported with a total of 15 implants (Lee 

et al. 2010) (table 5).



Table 5: Prosthetic connections
Control Test Platform 

Switch
Survival 
rates

Retention 
FDP

Follow-up

Fernández- 
Formoso, Rilo et al. 
(Fernández-Formoso 
et al. 2012)

IHC IHC Yes, test 100 % Cemented 12 months

Lee, Piao et al.
(Lee et al. 2010)

EHC EHC No 100 %* Cemented 36 months

Kadkhodazadeh, 
Heidari et al. 
(Kadkhodazadeh et 
al. 2013)

IHC IHC No 100 % Cemented 12 months

Young-Kyu Shin, 
Chong-Hyun Han 
et al. 
(Shin et al. 2006)

IHC IHC Yes, test 100 % Cemented 12 months

IHC = internal hex connection; EHC = external hex connection. * Dropouts were mentioned in the original data.

All implants were radiographically analyzed using the intra-oral standardized long cone par-

alleling technique (Fernández-Formoso et al. 2012, Kadkhodazadeh et al. 2013, Lee et al. 

2010, Shin et al. 2006). Images were loaded into computer software and a digital subtracting 

method was used to assess crestal bone change over time.

Figure 2 shows all studies data subjected to meta-analysis. The mean difference in crestal 

bone change was -0.29 mm (95% CI, -0.58 mm to -0.01 mm) in favor of the bone level im-

plants. Considerable heterogeneity between studies was observed (I² = 95%). Because of 

the considerable heterogeneity between studies the random effects model could be used. 

Significant more crestal bone change was seen radio graphically in the control group (P < 

0.00001). The weighted percentages show a even distributed weight of the studies in meta-

analysis.

The mean crestal bone change over all implants when weighted by the number of implants 

was -0.62 mm in the group with bone and -0.85 mm in soft tissue level implants. The mean 

crestal bone change when weighted by study weight was -0.36 mm in the bone and -0.54 in 

the soft tissue level group. 
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Discussion

This meta-analysis showed a significant difference in crestal 

bone change in bone and soft tissue level implants. The mean 

crestal bone change was -0.29 mm (95% CI, -0.58 mm to -0.01 

mm) after one year of loading. This is consistent with the cur-

rent literature (Albrektsson et al. 2012, Linkevičius et al. 2009).

In this systematic review only 4 studies could be included 

regarding the different locations on implant-abutment con-

nections. All studies cemented their fixed partial dentures. 

This could influence the biological width as cement could be 

retained around the implant. A systematic review by Wittne-

ben et al. looked at the clinical performance of screw- versus 

cement-retained fixed implant-supported reconstructions 

(Wittneben et al. 2014). 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 partial dentures. Further-

more they concluded that the abutment type did not influ-

ence the failure rate. There was however statistical significant 

fewer technical (P < 0.01) and biological (P < 0.001) events 

when reconstructions were screw retained. 

Linkevičius et al. demonstrated tissue thickness as an in-

fluencing factor on crestal bone change. They showed a 

change of 0.44 ± 0.06 mm mesially and 0.47 ± 0.07 mm dis-

tally in thick tissues or thin tissues thickened with an alloge-

neic membrane. Thin tissues however show 1.65 ± 0.08-mm 

bone loss mesially and 1.81 ± 0.06 mm distally crestal bone 

change after one year of follow-up (Linkevičius & Apse 2008). 

Furthermore Linkevičius performed another study in which 

the implants were placed super-crestal and crestal to evalu-

ate the effect of the position of the microgap. There was no 

significant difference found, except when the implants were 

placed in thin tissue (Linkevičius et al. 2009). Fi
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All studies incorporated in this systematic review (Fernández-Formoso et al. 2012, Kadk-

hodazadeh et al. 2013, Lee et al. 2010, Shin et al. 2006) the macro geometry of the implants 

were different. This could influence the marginal bone level and bias the effect of the posi-

tion of the implant-abutment connection. Bratu et al. placed macro geometry similar im-

plants with a 1.0 mm machined collar of the implant below the bony crest. They observed 

in a similar macro design of the implant that microthreads could preserve marginal bone 

when compared to a similar macro design machined neck implant. They concluded that the 

absence of a machined neck or presence of microthreads could influence the marginal bone 

loss. When placing the machined collar beneath the bony crest this could contribute to the 

larger amount of bone loss seen in this study (Bratu et al. 2009), when compared to supra-

crestal placement of the machined neck (Fernández-Formoso et al. 2012, Kadkhodazadeh et 

al. 2013, Lee et al. 2010, Nickenig et al. 2013, Shin et al. 2006). 

Cochran et al. studied another macro geometrical difference. They showed the influence 

of mismatching the abutment and the implant depth placement in a study. They placed 6 

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

microgap at other positions. 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 boy 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 placement of the microgap 

could promote bone remodeling and crestal bone loss. Furthermore they concluded that 

the mismatching of the abutment-implant connection induced less crestal bone change and 

influences the crestal bone change significantly (Cochran et al. 2009). This platform switch 

concept in which the biological width is elongated has been proven to prevent crestal bone 

change (Albrektsson et al. 2012, Atieh et al. 2010, Vandeweghe & De Bruyn 2012). In two 

of the studies used in this meta-analysis the platform switch concept has been used in the 

test group (Fernández-Formoso et al. 2012, Shin et al. 2006). Both studies showed less mean 

crestal bone change in these test groups. The other implants in the test group however did 

show also fewer bone loss than the control group. 

Koo et al. described significant more crestal bone change in implants when using a external 

hex connection (Koo et al. 2012). Implants with an internal connection showed no signifi-

cant crestal bone level change after 1 year of loading. An external connection did however. 

Furthermore a study showed 
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The assessment of crestal bone change over time was performed in two studies by an or-

thopantogram (OPG), while the gold standard should be a standardized intra-oral x-ray (Bra-

tu et al. 2009, Nickenig et al. 2013). An older study shows a significant difference in bone 

measurements in between OPG and intra-oral x-rays (Sakka et al. 2005). More recent stud-

ies show no significant differences in these different x-ray techniques (Kullman et al. 2007, 

Zechner et al. 2003). Both studies did conclude a larger deviation in intra-examiner accuracy 

in OPG’s than in intra-oral x-rays. For this reason we only included studies in this systematic 

review, which used a long cone parallel radiography. Furthermore underestimations of the 

x-ray bone levels when compared to the probed crestal bone level were shown. OPG’s and 

intra-oral x-rays are only a mesial and distal reference without having any knowledge about 

the buccal and lingual bone levels. A regular x-ray provides only 2 dimensional images. 3 

dimensional bone level changes could be over time evaluated using a cone beam computed 

tomography. However no studies show any long-term results using this technique.

Only two studies (Fernández-Formoso et al. 2012, Kadkhodazadeh et al. 2013) report of 

an intra- of inter-observer value to calibrate or analyze the reliability each of the measure-

ments. Various studies in the past have shown the need for intra and inter-observer calibra-

tion or testing as these values tend to differ in extend (Kullman et al. 2007, Meijer et al. 

1993, Sakka et al. 2005, Zechner et al. 2003).

Only one study in this meta-analysis reported longer follow-up periods than 12 months (Lee 

et al. 2010). We extracted data from the 12 months, which was reported in this publication. 

The crestal bone loss at 36 months in the control group in comparison with baseline was 

0.95 ± 0.27 mm and in the test group 0.59 ± 0.30 mm (Lee et al. 2010). This could suggest 

that crestal bone level changes are not stable over time and keep on changing. This is how-

ever not consistent with the current literature. A review by Allbrektsson et al. (Albrektsson 

et al. 2012) on 3 modern rough surfaced implants more than 10 years of function shows less 

bone loss than reported by Nickenig et al. depending on the implant brand. There was how-

ever no consensus in bone changes over time. They concluded that rough-surfaced implant 

have better outcomes for the upper jaw over time when compared to previously used ma-

chined implants. Furthermore Albrektsson found a tendency that more crestal bone change 

in soft tissue level implants when compared with bone level implants.



Conclusion

Within the limitations of this study, dental implants with the prosthetic connection at bone 

level show significant less crestal bone change after one year of loading when compared to 

implants with the prosthetic connection above the crestal bone level. 
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