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ABSTRACT

Statement of problem: Implant abutment connection may affect the stresses and strains 
induced at the peri-implant area and influence crestal bone resorption around implants at different 
levels of crestal placement. 

Materials and Methods: Implants were divided into two groups: internal hexagon (Legacy™ 
2, Implant Direct) and conical hybrid connection (AnyRidge; MEGAGEN). Each group was further 
subdivided into three subgroups depending on the location of surgical placement (subcrestal, 
crestal, or supracrestal) of the implant platform. Each case was evaluated radiographically and 
linear measurements of bone resorption were made from the implant’s apex to the first point 
of bone-to-implant contact at prostheses loading and after 6, 12, 24 and 36 months. Data were 
collected, tabulated and statistically analyzed using t Student test and ANOVA test followed  
by Tukey’s test. 

Results: No Statistical significant differences were found between the main tested two groups 
(P ≥ 0.05), however there were statistical significant differences between the position groups with 
the conical hybrid subcrestal group showing the lowest values of peri-implant bone after three years 
of prostheses insertion. 

Conclusions: Conical hybrid implant abutment connection showed less crestal bone resorption 
around implants than internal hexagon implant abutment connection in any position of placement. 
Subcrestal implant surgical positioning showed the less crestal bone resorption followed by 
supracrestal. Crestal implant positioning should be avoided whenever possible.
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INTRODUCTION 

Till now; implant prosthodontics still introduce 
a challenge, specially the configuration of the 
connecting part that allows the abutment to be 
attached to the implants which are considered one 
of the features that has been for a long time the 
object of debate. External hexagon connection 
was introduced first by Branemark system.1 This 
design has served well for decades and it has been 
introduced in other competing systems. 

Unfortunately, external hexagon showed 
some drawbacks as it is less favorable for stress 
distribution, increases the stresses on the abutment 
screw, induces micro-movements during loading 
when compared to internal connection which creates 
a microgap in the implant abutment interface.2  This 
microgap has been considered as a main factor that 
induces peri-implant crestal bone resorption besides 
other factors such as surgical trauma during implant 
insertion, implant design and implant positioning 
level.3

On the other hand, internal connections have 
been incorporated in the implant systems to elimi-
nate mechanical complications, reduce stresses 
transferred to the crestal bone and solve the exter-
nal hexagon design complications,4,5 but when ana-
lyzing the implant-abutment coupling of internal 
connecting systems, many differences have been 
described.6-9 An important question aroused: What 
is the impact of implant abutment configuration on 
crestal bone level changes? Since, unlike the ex-
ternal hexagon connection, the internal connection 
configurations adopted by different companies are 
not alike.10,11 

In previous stress analysis study; the authors 
found that the stress distribution at the level of the 
implant abutment connection is strongly associ-
ated with the design characteristics of the interface, 
which may vary according to the manufacturer; 
which in turn affect the magnitude of stress distribu-
tion in the bone surrounding the dental implants,12 

while clinical follow up studies reveals conflicting 
results.11

Although subcrestal placement of implants is 
recommended to obtain an excellent emergence 
profile13 and to reduce the strains at the peri-implant 
bone.14 It causes more inflammatory reaction 
correlated with bone loss than supracrestal position 
did.15 On the other hand; supracrestal positioning 
has been recommended as it shows lower levels of 
peri-implant crevicular fluid, and tumor necrosis 
factor-A around supracrestal positioned implants.16 

However; clinical comparative studies showed 
conflicting results concerning the effect of implant 
placement level on peri-implant crestal bone  
loss.17-21 While Jung et al.17  reported that the greatest 
bone loss occurred at implants placed subcrestally; 
Van Eekeren et al.18 concluded that crestal position 
yielded less bone resorption than supracrestal 
position. In contrast; some studies showed a positive 
impact on crestal bone preservation with subcrestal 
implant placement.19-22 

AIM OF THE STUDY

The aim of the current study was to test the 
hypothesis that implant-abutment configuration has 
no effect on crestal bone resorption around implants 
after three years of loading at any surgical position 
of implant placement.

MATERIALS AND METHODS

This study was carried out on partially edentulous 
male patients, with a mean age of 46 years old have 
received sixty implants. Medical history was taken 
to evaluate each patient’s general health to make sure 
they were free from any other systemic diseases that 
might have an effect on implants osseointegration. 
Laboratory investigations included the Glycosylated 
Hemoglobin Test (HbA1c Test) were requested. 
Patients whose HbA1c level was above 7.5%, 
alcoholic, drug abuse, poor oral hygiene and 
parafunctional habits like (Bruxism) were excluded 
from this study.
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Cone Beam CTs were taken for all patients to 
show the height and width of bone in the edentulous 
areas, the position of the mental foramen, maxillary 
sinuses, inferior alveolar canal and to check for any 
undetectable pathology or bone abnormality. An 
informed consent approved by the ethics committee 
was signed by each patient after discussing the 
treatment plan with them and prior to initiation of 
treatment. 

Patients were randomly and equally distributed 
into two main groups (thirty each) according to 
internal hexagon or conical hybrid connection: 
Group (1): were patients receiving internal hexagon 
implants (Legacy™ 2, Implant Direct) while 
group (2): were patients receiving conical hybrid 

connection implants (AnyRidge; MEGAGEN). 
Each group was subdivided into 3 subgroups (ten 
each) according to the bony position of implant 
placement (subcrestal, crestal, supracrestal). 
Implants were placed surgically, after three to six 
months, the implants were re-exposed and gingival 
healing formers were screwed. After two weeks, 
gingival formers were removed and impressions 
were taken using the direct pick up impression 
transfers then corresponding abutments were 
screwed into implants using digital torque gauge. 
Patients were then recalled to deliver their CAD-
CAM restorations.  All patients were then scheduled 
for clinical and radiographic follow-up visits 
(Figures 1, 2, 3 & 4).  

Fig. (1): Showing (A) Internal hex connection and (B) Conical Hybrid connection

Fig. (2): Showing internal hexagon implants (Legacy™ 2, 
Implant Direct) at different crestal positions

Fig. (3): Showing conical hybrid implants (AnyRidge; 
MEGAGEN) at different crestal positions
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Patients were evaluated radiographically at 
baseline (restoration delivery) and at 6, 12, 24 and 
36 months after restoration delivery as follows: 

Periapical X-ray films were used to measure the 
marginal bone loss around the implants. The long 
cone paralleling technique using the Rinn XCP 
instrument (Rinn Co. Dentsply division) was 
used. It included the use of standardized periapical 
radiographs to detect changes in alveolar bone 
surrounding the implants during the follow-up 
period. The standardized periapical radiographs 
were taken by the Xerograph Coping Process 
holder with a personalized bite registration record, 
made from putty rubber base impression material 
for extension cone (35 cm) paralleling technique. 
Every X-ray film was inserted into a slot in the 
bite-block. To ensure accurate repositioning of the 
film every time the radiograph was taken, the putty 
rubber base impression material (Express XT VPS, 
3M ESPE) was folded around the bite-block, then 
a bite registration was obtained for each film in 
closed mouth position, the putty bite-block with the 
occlusal registration was kept aside for the follow-
up recall visits. All radiographs were exposed using 
ultra speed periapical film (Kodak, Paris, France) 
with X-ray grid and X- ray unit set at 70 KV and 10 
mA. With similar exposure times, the radiographs 
were developed under standardized condition using 

automatic process.  The digital image was then saved 
in an uncompressed format on the patient file. The 
stored images of each patient were then interpreted 
at the end of the follow-up period. 

Repeatable standardized periapical radiographs 
were made for each implant to measure the mesial 
and distal bone heights. The measurements were 
made from the base of the implant to the most coronal 
point of bone adjacent to the implant surface.

The reference point for measurements was the 
apex of the fixture. The distance was measured to 
the nearest 0.01 mm. These measurements were 
done using an analysis software program (Adobe 
Photoshop, Adobe Systems Incorporated, San 
Jose, CA, USA). The actual implant length served 
as a standard to calculate the bone height, calcula-
tions were made according to the following formula: 

CBL = IL*BR/MIL

Where CBL is the calculated bone resorption, 
IL: Actual implant length, BR: measured bone re-
sorption (mean mesial and distal) and MIL: mea-
sured implant length.  

Data analysis

Radiographic data were tabulated for each 
individual and group. Summary statistics (mean, 

Fig. (4): Showing (A) Periapical X ray for internal hexagon implants (Legacy™ 2, Implant Direct) at different crestal positions and 
(B) Periapical X ray for conical hybrid implants (AnyRidge; MEGAGEN) at different crestal positions
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standard deviation) were calculated and also 
tabulated, data were statistically analyzed using t 
student test and ANOVA test followed by Tukey’s 
test at 0.05 significance level. 

RESULTS

Sixty implants were positioned in partially 
edentulous male patients in this study. During the 
observation period, no implants were lost nor did 
fractures occur.

Table (1) lists the results of the t student test 
analysis for marginal bone loss at different periods of 
follow-up. After 6 months from prosthesis insertion, 
mean ± standard deviation (SD) of marginal bone 
loss scores of group I patients was (0.91+ 5.3), 
while mean ±standard deviation (SD) of marginal 
bone loss scores of group II patients was (0.61+ 
7.46). During the follow-up period there was a non-
significant statistical increase of the marginal bone 
loss scores (P < 0.05) between the two groups.

However with the ANOVA test analysis for 
marginal bone loss at different periods of follow-
up, there were statistical significant differences 
between the position groups and the crestal position 
group showed the highest values of peri-implant 
bone loss after three years of prostheses insertion. 
With Tukey’s test there were statistically significant 

differences between sub crestal and crestal 
position groups and also between sub crestal and 
Supra crestal position groups, while no statistical 
significant difference was found between crestal 
and supra crestal position groups at different follow 
up periods (Table 2).

From table 1&2, the conical hybrid subcrestal 
group showing the lowest values of peri-implant 
bone loss after three years of prostheses insertion.

TABLE (1): Results of t Student test for marginal 
bone loss at different follow up periods.  

Period of follow 
up

Group I Group II
t p

(Inter Hex) (Con Hyp)

After 6 months:     

Mean ± S.D. 0.91+ 5.3 0.61+ 7.46 2.48 0.08

After 12 months:   

Mean ± S.D. 1.2+ 0.66 1+ 3.64 4.03 0.126 

After 24 months:     

Mean ± S.D. 1.24+0.064 1.05+0.025 6.04 0.182

After 36 months:     

Mean ± S.D. 1.34+0.124 1.11+0.129 4.34 0.324

*Significance: P < 0.05

TABLE (2): Results of the ANOVA test for marginal bone loss at different follow up periods. 

Period of follow up

Sub Groups ANOVA TUKEY’S Test

Sub Crestal Crestal
Supra 
Crestal

F P-value
Sub 

C&C
Sub C & 
Supra C

C& 
Supra C

After 6 months Mean ±SD 0.35 ± 0.48 1.1 ± 0.12 0.8 ± 0.41 20.7 0.0001* 0.0001* 0.001* 0.124

After 12 months Mean ±SD 0.91 ± 0.39 1.33 ± 0.13 1.18 ± 0.13 14.06 0.0001* 0.0001* 0.001* 0.323

After 24 months Mean ±SD 1.14 ± 0.11 1.5 ± 0.17 1.34 ± 0.13 30.12 0.0001* 0.0001* 0.001* 0.144

After 36 months Mean ±SD 1.2 ± 0.16 1.6 ± 0.16 1.5 ± 0.15 38.07 0.0001* 0.0001* 0.001* 0.114

*Significance: P < 0.05
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DISCUSSION

Although Albrektsson et al,23 declared that 
a dental implant is considered successful if peri-
implant crestal bone  loss is less than 1.5 mm during 
the first year after implant placement and less than 
0.2 mm annually; it is strictly recommended that 
crestal bone height around dental implants should 
be maintained.24 So, once osseointegration has been 
gained, the connection system plays a major role in 
the crestal bone level maintenance.25

In this study, measurements of crestal bone 
levels were not calculated before loading to exclude 
factors that could theoretically causes changes 
in crestal bone during healing period, including 
surgical trauma of the two surgical phases and peri-
implantitis.3 

In the current study, although no statistical 
significant differences were found between conical 
hybrid and internal connection main groups; the 
mean crestal bone loss of the conical hybrid main 
group was less than that of the internal hexagon one. 
This matches the conclusions of previous studies26,27 

and opposite to suggestions that the implant-
abutment connection appears to have a significant 
effect on crestal bone level around implants.12,28,29

Although the hybrid connection or specifically 
the Morse taper design proved to be superior in 
decreasing microgap formation and prosthetic 
abutment stability because of the internal 
repositioned implant-abutment junction which 
make the bacteria away from the adjacent crestal 
bone30,31; the non- significant differences can be 
explained as the internal hexagon connection can 
reduce probability of micro-movement during 
loading similar to conical hybrid design.32 

In this study, subcrestal implant positioning 
resulted in significant less crestal bone resorption 
than supracrestal and crestal positioning. This 
matched the results of previous studies 19-22,33,34 and 
opposite to others.17,18,35,36

This advantageous significant crestal bone 
preservation was explained that the exposed rough 
surface around subcrestal implants are less than that 
in case of crestal or supracrestal implants. In another 
meaning; the immediate action of bone remodeling 
around subcrestal implants after surgically inserted 
will maintain their surface unexposed.37

The least amount of crestal bone resorption 
in this study was for the subgroup of conical 
hybrid and subcrestal surgical position, beside the 
previously mentioned explanations for this result, 
it was previously concluded that this combination 
may have a synergetic effect on preservation of 
crestal bone around implants.38

CONCLUSIONS

Within the limitations of this study; conical 
hybrid implant abutment connection showed 
less crestal bone resorption around implants than 
internal hexagon implant abutment connection 
in any position of surgical placement. Subcrestal 
implant placement showed the less crestal bone 
resorption followed by supracrestal. Crestal implant 
positioning should be avoided whenever possible.
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