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Internal- vs External-Connection Single Implants:  
A Retrospective Study in an Italian Population  

Treated by Certified Prosthodontists
Paolo Vigolo, DMD, MSD1/Stefano Gracis, DMD, MSD2/Fabio Carboncini, DMD3/Sabrina Mutinelli, 

DMD4 on behalf of the AIOP (Italian Academy of Prosthetic Dentistry) Clinical Research Group5

Purpose: The design of an implant connection that allows prosthetic suprastructures to be attached to 

implants has long been debated in the dental literature. The goal of this retrospective study was to evaluate 

the 5-year clinical results for a large number of single implants restored by certified prosthodontists in 

an attempt to establish whether different clinical outcomes could be detected for external- or internal-

connection implants. Materials and Methods: All single implants with internal or external connections 

inserted in 27 private dental practices from January 1, 2003 to December 31, 2007 were evaluated. 

An initial statistical analysis was performed to describe the sample population at baseline and then to 

compare the two types of implant-abutment connection configurations and their clinical outcomes. All data 

were statistically analyzed with STATA12 (StataCorp). Results: Twenty-eight of the 85 active members of 

the Italian Academy of Prosthetic Dentistry (AIOP) participated in this study. The sample included 1,159 

patients and 2,010 implants. Of the implants, 75 were dropped because there was no information about 

follow-up. Of the remaining implants, 1,431 (74.0%) were followed for at least 5 years, and 332 implants 

(17.2%) were followed for more than 8 years. Nearly 99% (98.9%) of the implants survived. The difference 

between the survival frequencies of the two types of implant-abutment connection configurations was not 

significant for each negative event (log-rank test, P > .05). There was no difference between the two types 

of implants regarding restoration fracture, implant screw loosening, and peri-implant disease. Conclusion: 

Within the limitations of this study, it can be suggested that there is no difference in clinical outcomes 

of single restorations joined to internal- or external-connection implants. Int J Oral MaxIllOfac IMplants 
2016;31:1385–1396. doi: 10.11607/jomi.4618
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The Brånemark system was introduced to the scien-
tific community in the 1960s and 1970s. Since then, 

many implant systems have been presented to the 
dental profession.1–5 The design of the connection that 
allows the prosthetic suprastructure to be attached to 
the implants is one of the features that has been the 

object of discussion among the systems. From the 
beginning, the Brånemark system was typified by an 
external hexagon, which was developed to facilitate 
implant insertion rather than to provide clinicians with 
an antirotational device.2 This external-hexagon con-
figuration has served well over the years and has been 
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implant-abutment connections demonstrate higher 
resistance to bending and improved force distribution 
over external configurations44,45 because of their abil-
ity to dissipate lateral loads deeply within the implant 
and to resist joint opening.16,20,24,46 The internal im-
plant-abutment connections also displayed improved 
shielding of the abutment screw from stress.11

The use of high-strength ceramics, previously alu-
mina and presently zirconia, has provided an alter-
native to metal abutments.47 When polycrystalline 
ceramic implant abutments are used in the clinical 
situation, there are concerns about the risk of fracture 
due to the material’s brittle nature. This is especially 
true in internal-connection systems, where the inter-
locking portion may be particularly thin. As a matter of 
fact, several manufacturing companies do not provide 
zirconia abutments for their narrow-platform implants. 
In vitro studies have provided some insight into the 
behavior of ceramic abutments in different types of 
implant systems,24,46,48–51 but it is difficult to draw clini-
cally relevant recommendations from them. One of the 
difficulties in ascribing clinical value to the results of 
in vitro studies has to do with the lack of evidence for 
diverse methods of loading implant abutments. They 
differ with regard to type of loading (static loading or 
dynamic fatigue loading, lateral-oblique loading,17–19 
or rotational fatigue loading17); loading angle (from 0  
to 90 degrees); loading point (incisal edge or a non-
specified point on the palatal surface); and applied load 
(light forces or forces that exceed the maximum occlu-
sal force recorded in humans). It is debatable which is 
the most clinically relevant method. For that reason, 
analysis of the clinical performance can best demon-
strate the reliability of the prosthetic devices. Two very 
thorough systematic reviews of the performance of 
ceramic and metal implant abutments52 and of zirco-
nia abutments only53 have been published recently. In 
comparing the outcome of the study on ceramic abut-
ments with that of the study on metal abutments, the 
authors of the first systematic review concluded that 
no difference in the clinical performance of the two 
types of abutments could be perceived.52,54–58 The au-
thors of the second systematic review53 reached the 
same conclusions, highlighting the fact that, in this 
short to medium period of evaluation, no relevant 
mechanical complications occurred.56–58 In a recent 
literature review,59 it has been pointed out that the in-
cidence of fracture of metal-based and zirconia-based 
abutments and the incidence of abutment screw 
fracture did not seem to be influenced by the type of 
connection. Furthermore, an analysis of the literature 
showed that loosening of abutment screws was the 
most frequently occurring technical complication; the 
type of connection seemed to have an influence on 
the incidence of screw loosening: more loose screws 

incorporated into several competing systems. Howev-
er, this configuration has some negative aspects due to 
its limited height and, as a consequence, limited effec-
tiveness when subjected to off-axis loads.6 Therefore, 
it has been speculated that, under high occlusal loads, 
the external hexagon might allow for micromove-
ments of the abutment, thus causing instability of the 
joint, which may result in abutment screw loosening or 
even fatigue fracture.7–9

Internal connections have been introduced to re-
duce or eliminate these mechanical complications 
and reduce stress transferred to the crestal bone.10–13 
A primary question is whether this may be true for all 
internal-connection systems,14–16 since, unlike the ex-
ternal-hexagon connection, the internal-connection 
configurations adopted by different companies are 
not alike. When the implant-abutment couplings of in-
ternal-connecting systems have been analyzed, many 
differences have been described,16–20 such as the inti-
macy of approximation between the abutment surface 
and the internal walls of the implant fixture (no friction 
vs Morse taper), the depth of penetration of the abut-
ment in the fixture, the presence of antirotational in-
terlocking, the numbers and shapes of antirotational 
or guiding grooves (hexagon, trilobe, spline, etc), the 
abutment diameter at the platform level (matched vs 
narrower, to generate a platform shift or switch), the 
abutment screw dimension and material, the screw 
preload, and the abutment materials (titanium, pre-
cious metal alloys, full zirconia, zirconia with metal in-
serts). These differences could have a profound impact 
on the clinical procedures and protocols, chair time 
dedicated to the patient, number of appointments, 
laboratory and component costs, maintenance inter-
vals, and incidence of complications. 

When the clinician is fabricating an implant-sup-
ported fixed dental prosthesis (FDP), a major concern 
to ensure its longevity is to minimize mechanical com-
plications. Many publications in the literature deal with 
the incidence of screw loosening or fracture, as well as 
with the incidence of abutment and implant fracture. 
Four literature reviews21–24 have provided in-depth 
analyses of the topic. These papers highlight and ana-
lyze the major factors that may cause mechanical com-
plications such as screw material,19 screw preload,25–28 
abutment material,29,30 abutment rotational misfit,31–33 
implant-abutment connection configuration,34–36 im-
plant angulation,37 thickness of implant neck walls,38,39 
and single vs splinted crowns.40–43 In particular, after the 
change in the abutment screw material in the 1990s, 
and the recommendation of system-specific torque 
values for these screws, the type of implant-abutment 
connection configuration has been identified as the 
most relevant variable that can ensure implant-abut-
ment joint stability. It has been postulated that internal 
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13. Prosthetic margin (supragingival, subgingival, or 
extragingival)

14. Abutment material (titanium, zirconia, metal-zirco-
nia, alumina, and gold)

15. Crown material (metal-ceramic crown, zirconia-
ceramic crown)

16. Type of opposite arch (tooth, crown on tooth, crown 
on implant, pontic, denture, generic crown, none)

17. Opposite arch material (metal, resin, ceramic, and 
zirconia)

18. Tooth wear 
19. Bruxism habit 
20. Use of occlusal nightguard
21. Implant commercial brand
22. Implant commercial code
23. Probing depth
24. Insertion torque
25. Patients lost to follow-up
26. Number of unscrewing events and date of the first 

event
27. Screw fracture event and date
28. Abutment fracture event and date
29. Implant fracture event and date
30. Restoration-material fracture event and date
31. Peri-implantitis event (abscess, bone loss, and mo-

bility) and date of first event

Statistical Analysis
Each prosthodontist was identified with a code masked 
for the statistician, who created, cleaned, and elabo-
rated the final datasets. Uncorrected or unintelligible 
answers were classified as missing values.

The statistical analysis was performed at first to 
describe the sample population at baseline and then 
to compare the two types of implant-abutment con-
nection configurations. To evaluate the difference in 
frequency between categories of sex or implant-abut-
ment connection configuration, the Pearson chi2 test 
and the Fisher exact test were run. For the continuous 
variables (waiting time before screw load, mucosal ca-
nal, and insertion torque), the two-sample Wilcoxon 
rank-sum test was applied. A nonparametric test was 
used for nonnormally distributed variables (Shapiro-
Wilk test, P < .001).

The analysis of complications was performed by 
means of the log-rank test and the Cox proportional 
regression model for comparison of the survival curves 
of the two types of implant-abutment connection con-
figurations and to control for confounders. In the Cox 
model building, a step-forward selection of exposures 
was performed. One of the exposures (peri-implant 
surgery) did not respect the assumption of propor-
tional hazard; therefore, the model was adjusted by 
stratification. For each statistical test, the α-level was 
fixed at .05.

were reported for externally connected implant sys-
tems for both types of materials. 

The aim of this retrospective study was to evaluate 
the 5-year clinical outcomes of a large number of single 
implants restored by certified prosthodontists in an at-
tempt to establish whether different clinical behaviors 
may be detected for external- or internal-connection 
implants. The negative events (biologic and mechani-
cal, irreversible and reversible) were evaluated for both 
types of connection.

MATERIALS AND METHODS

Patient Selection
In January 2014, 85 active members of the Italian 
Academy of Prosthetic Dentistry (AIOP) were asked to 
complete a Microsoft Excel spreadsheet with informa-
tion regarding implants inserted from January 1, 2003 
to December 31, 2007. The deadline to reply was Sep-
tember 30, 2014.

The selected patients were treated in private dental 
practices. Inclusion criteria were that each patient had 
an intact arch at least up to the second premolars and 
received one or more single-implant metal-ceramic 
crowns, with each implant exclusively supporting a 
single restoration.

The exclusion criteria were60–62: patients with poor 
oral hygiene; presence of irreversible active periodon-
tal problems; severe diabetes (especially type 1) and 
other diseases, which could cause periodontal prob-
lems; and patients taking medications that could in-
fluence periodontal status. Moreover, implants whose 
connection type was unknown had to be excluded. 
For each single implant, the AIOP prosthodontist had 
to report:

1. A sequential numeric code for each surgeon and 
technician working with the AIOP member

2. Sex of patients 
3. Date of birth, implant insertion, definitive pros-

thetic restoration delivery, and the last follow-up 
4. Number of cigarettes smoked per day
5. Number of professional tooth-cleaning proce-

dures per year
6. Dental implant site 
7. Implant-abutment connection configuration (ex-

ternal or internal)
8. Peri-implant supplementary or additional surgery 

(before, simultaneously, none)
9. Functional load (immediate or delayed)

10. Type of occlusal guide (canine incisive, canine, 
group, other)

11. Provisional restoration 
12. Crown retention (cemented or screwed)
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The authors estimated the sample size a priori by 
hypothesizing some scenarios in the survival study 
(sample size calculation for a log-rank test), because 
hazard ratio (HR) and the number of patients lost to 
follow-up were not easily predictable. The first scenar-
io was comprised of the following features: α-level = 
.05, HR = 0.5, power = 0.80, proportion of subjects in 
control group = 0.5, and rate of censoring = 0.20. The 
estimated sample size was 45 implants for each type 
of implant-abutment connection configuration. When 
the lost-to-follow-up group was changed to 30%, the 
sample needed to be increased to 51 implants per 
group, while by increasing the HR to 0.8, it amounted 
to 398 per group. However, where there might be an 
imbalance between the two groups—for example, 
with a ratio of 0.7 for the first group and 0.3 for the 
second—the sample was divided into 723 and 310 im-
plants, respectively (1,033 in total). It increased to 826 
and 354, respectively (1,180 in total), with 30% lost to 
follow-up. Therefore, a target of 1,000 implants was 
fixed a priori by the end of September 2014.

All data were statistically analyzed with STATA12 
(StataCorp).

RESULTS 

Of 85 active AIOP members, 28 submitted the com-
pleted spreadsheet by the deadline. The sample was 
comprised of 1,159 patients and 2,010 implants.

Patient Sample and Implant Sample 
The sample was comprised of 1,159 patients with a 
mean ± SD age at first implant of 49.6 ± 13.0 years: 
481 were males (41.9%; mean age, 49.3 ± 12.6 years) 
and 667 females (58.1%; mean age, 47.6 ± 9.4 years; 
Table 1). 

When age was divided by categories of 10 years, the 
distribution of people was equal between males and 
females (chi2, P = .206). Seventy-one percent (70.9%) 
of all patients (Fig 1) were between 30 and 59 years of 
age.

The frequency distribution of occlusal guides 
among patients showed a predominance of the ca-
nine-incisive guide (45.9%) over canine (26.2%) and 
group (24.0%) guides.

Patients were predominantly nonsmokers (76.5%) 
or low-smokers (below 6 cigarettes per day, 85.1%).

Two hundred sixty-five patients reported a brux-
ism habit (23.6%), and 550 (52.3%) presented tooth 
wear (49.3% of males vs 45.6% of females; Fisher test, 
P = .014). One hundred seventy-three patients (16.3%) 
were accustomed to using an occlusal nightguard. 
When the group with bruxism habits was considered 
exclusively, the percentage of occlusal nightguard 

Table 1 Descriptive Statistics of Patient Samples

No.

Total 
missing 
values

Sample size (N) 1,159 14

Mean ± SD age at first implant (y) 49.6 ± 13.0 23

Males
No. of patients (%) 481 (41.9%) 11
Mean ± SD age at first implant (y) 49.3 ± 12.6
No. of implants in males 821 (42.8%)

Females
No. of patients (%) 667 (58.1%)
Mean ± SD age at first implant (y) 47.6 ± 9.4
No. of implants in females 1,097 (57.2%)

No. of patients lost to follow-up (%) 225 (19.7%)
Percent of males 19.9%
Percent of females 19.5%
No. of patients reporting bruxism 
habit (%)

265 (23.6%) 38

No. of patients with tooth wear (%) 550 (52.3%) 108

No. of cigarettes smoked per day 
(mean ± SD)

2.4 ± 5.5 11

0 cigarette/day
No. of patients (%) 878 (76.5%)
Below 6 cigarettes/day
No. of patients (%) 99 (8.6%)
6–10 cigarettes/day
No. of patients (%) 78 (6.8%)
11–20 cigarettes/day
No. of patients (%) 87 (7.8%)
More than 20 cigarettes/day
No. of patients (%) 6 (0.5%)

No. of professional tooth-cleanings 
per year (mean ± SD)

2.2 ± 1.0 13

Any professional tooth-cleaning/
year
No.of patients (%)

56 (4.9%)

One professional tooth-cleaning/
year
No. of patients (%)

148 (12.9%)

Two professional tooth-
cleanings/year
No. of patients (%)

552 (47.6%)

More than two professional 
tooth-cleanings/year
No. of patients (%)

390 (34.0%)

Occlusal guide
No. of patients 1,057 102
Canine incisor
No. of patients (%) 485 (45.9%)
Canine
No. of patients (%) 277 (26.2%)
Group
No. of patients (%) 254 (24.0%)
Other
No. of patients (%) 41 (3.9%)

Occlusal nightguard
No. of patients (%) 173 (16.3%) 98
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Iqr, 10.7) implants (two-sample Wilcoxon rank-sum 
test, P < .001). In the maxillary anterior area, the me-
dian values were dissimilar (internal connection: me-
dian, 8.8 months; Iqr, 8.8; external connection: median, 
10.6 months; Iqr, 8.6); however, the difference did not 
show a significant result (two-sample Wilcoxon rank-
sum test, P = .0899).

Probing Depth and Insertion Torque
The majority of implants had a probing depth of 2 to 3 
mm (76% of implants) with no difference between the 
two types of connections (two-sample Wilcoxon rank-
sum test, P = .1639).

In the sample, 55.9% of implants were inserted with 
a torque between 25 and 35 Ncm, 19.4% with a torque 
below 25 Ncm, and 24.7% above 35 Ncm. 

The difference in median values of torque between 
the two connection groups was significant: 30 Ncm 
(Iqr, 0) in the external-connection group vs 32.0 Ncm 
(Iqr, 2.0) in the internal-connection group (two-sample 
Wilcoxon rank-sum test, P < .001).

Supplementary or Additional Surgery
The majority of implants (72.8%) did not require a sup-
plementary or additional surgical procedure at the site. 
In 20.6% of implants, the regenerative surgery was ac-
complished simultaneously at the time of insertion. The 
occurrence of this surgical treatment was similar be-
tween the two connection groups (chi2 test, P = .448).

Abutment Material
In the full sample, the abutments were made primar-
ily of titanium (65.77%), followed by gold (19.45%) and 
zirconia (13.71%). Metal-zirconia (1.02%) and alumina 
(0.05%) were rarely used. In stratification for implant-
abutment connection configuration, in the group 
with an internal connection, 79.5% of abutments were 
made of titanium, 13.2% of gold, and 5.5% of zirconia. 

users was 62.8% among females vs 50.4% among 
males (chi2, P = .041).

The frequency of professional tooth-cleaning per 
year was at least once every 6 months in 82.2% of 
patients.

Within the 2,010 implants of the sample, 821 im-
plants (42.8%) were inserted in males and 1,097 im-
plants (57.2%) in females. 

There were 14 patients without any kind of informa-
tion. Furthermore, the number lost to follow-up was 
225 (19.7%). The percentages of males and females 
lost to follow-up were very close: 19.9% among males 
and 19.5% among females. 

In the sample of 2,010 implants, 968 (48.2%) had 
an internal connection, and 1,042 (51.8%) an external 
connection (Table 2).

Implant Frequency Distribution Across Dental 
Arch Areas
When the anterior (incisors and canines) and posterior 
(premolars and molars) areas of the dental arches were 
analyzed, 42.8% of implants were found to be in the 
posterior maxillary and 44.1% in the posterior mandib-
ular areas, with only 9.8% in the anterior maxillary and 
3.4% in the anterior mandibular areas.

The distribution per dental arch area of implant-
abutment connection configurations presented simi-
lar percentages in the two groups.

Provisional Restoration and Screw Load
One thousand three hundred seventy-three implants 
(68.3%) received a provisional restoration without a 
significant difference between the two types of con-
nections (chi2 test, P = .662). 

The load was delayed in 1,904 implants (68.3%). The 
prevalence was similar between internal- and external-
connection groups (chi2 test, P = .165). In fact, the ma-
jority of implants were loaded after a period of time, 
with the median waiting time 7.8 months (interquar-
tile range: Iqr, 8.3). In the internal-connection group, 
the implants were loaded, on average, earlier than in 
the external-connection group (two-sample Wilcoxon 
rank-sum test, P = .0001): 7.4 months (Iqr, 6.8) vs 8.2 
months (Iqr, 10.3), respectively.

Where stratification for the dental arch is con-
cerned, there was no difference in the mandibular 
arch between the two types of connections (internal 
connection: median, 6.7 months; Iqr, 6.5; external con-
nection: median, 6.8 months; Iqr, 9.5; two-sample Wil-
coxon rank-sum test, P = .2146). On the contrary, the 
difference was significant in the maxillary arch (two-
sample Wilcoxon rank-sum test, P < .001). In the maxil-
lary posterior area, the screws were loaded earlier in 
the internal-connection (median, 8.2 months; Iqr, 6.6) 
than in the external-connection (median, 11.0 months; 

Fig 1  Distribution of patients by age across categories over 
10 years.

300 

200 

100 

0 
< 30 30–39 40–49 50–59 60–69 70–79 > 79

N
o.

 o
f 

pa
tie

nt
s

Age categories (y)

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Vigolo et al

1390 Volume 31, Number 6, 2016

Table 2 Features of Implant Sample

Implant-abutment connection configuration Missing 
values TotalaInternal External

Sample, n (%) 968 (48.2%) 1,042 (51.8%) 0 2,010

Arch
No. of implants 950 1,009 51 1,959
Posterior maxilla
No. of implants (%) 419 (50.0%) 419 (50.0%) 838 (42.8%)
Anterior maxilla
No. of implants (%) 96 (50.0%) 96 (50.0%) 192 (9.8%)
Posterior mandible
No. of implants (%) 417 (48.3%) 446 (51.7%) 863 (44.1%)
Anterior mandible
No. of implants (%) 18 (27.3%) 48 (72.7%) 66 (3.4%)

Waiting time for implants with delayed load
Median (Iqrb), mo 7.4 (6.8) 8.2 (10.3) 80 7.8 (8.3)

Insertion torque
Median (Iqrb), mo 32.0 (2.0) 30.0 (0.0) 52 32 (2.0)

Probing depth
Median (Iqrb), mm 2.0 (1.0) 2.0 (1.0) 297 2.0 (1.0)

Peri-implant supplemental or additional surgery
No. of implants 968 1,041 1 2,009
No surgery
No. of implants (%) 692 (47.3%) 770 (52.7%) 1,462 (72.8%)
Before implant insertion
No. of implants (%) 66 (49.6%) 67 (50.4%) 133 (6.6%)
Simultaneous implant insertion
No. of implants (%) 210 (50.7%) 204 (49.3%) 414 (20.6%)

Abutment material
No. of implants 961 1,008 41 1,969
Titanium
No. of implants (%) 764 (59.0%) 531 (41.0%) 1,295 (65.7%)
Zirconia
No. of implants (%) 53 (19.6%) 217 (80.4%) 270 (13.7%)
Metal-zirconia
No. of implants (%) 17 (85.0%) 3 (15.0%) 20 (1.0%)
Alumina
No. of implants (%) 0 1 (100%) 1 (0.1%)
Gold
No. of implants (%) 127 (33.2%) 256 (66.8%) 383 (19.5%)

Type of prosthetic restoration
No. of implants 967 1,040 3 2,007
Cemented crown retention
No. of implants (%) 764 (52.2%) 700 (47.8%) 1,464 (72.9%)
Screwed crown retention
No. of implants (%) 203 (37.4%) 340 (62.6%) 543 (27.1%)

Prosthetic margin
No. of implants 859 743 408 1,602
Supragingival
No. of implants (%) 12 (44.4%) 15 (55.6%) 27 (1.7%)
Subgingival
No. of implants (%) 342 (60.9%) 220 (39.1%) 562 (35.1%)
Extragingival
No. of implants (%) 505 (49.9%) 508 (50.1%) 1,013 (63.2%)

Type of prosthetic crown restoration
No. of implants 961 1,008 41 1,969
Metal-ceramic crowns
No. of implants (%) 723 (50.6%) 705 (49.4%) 1,428 (72.5%)
Zirconia-ceramic crowns
No. of implants (%) 238 (44%) 303 (56%) 541 (27.5%)

aNumber of implants analyzed and percentage within the full sample.
bIqr = interquartile range.
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implants (17.2%) were followed for more than 8 years; 
98.9% of implants survived.

Considering only implants with mechanical nega-
tive events and at least 5 years of follow-up, the fre-
quency of these negative events due to fracture of 
implant, fracture of screw, fracture of abutment, or 
fracture of connection amounted to 16 cases, corre-
sponding to 1.1% of the implant sample. Within the 
full sample, the distribution of events for each com-
ponent and the log-rank test P value are reported in 
Table 4. There were 11 mechanical failures in internal 
vs five in external implant-abutment connection con-
figurations. Only implant fracture could be considered 
an irreversible negative event. The difference between 
the frequencies in survival of the two types of implant-
abutment connection configurations was not signifi-
cant for each negative event (log-rank test, P > .05).

Restoration Fracture
Ceramic fractures of surfaces of metal-ceramic and 
zirconia-ceramic restorations amounted to 46, 2.6% of 
the full sample: 40 were ceramic surfaces of metal-ce-
ramic crowns, and 6 were ceramic surfaces of zirconia-
ceramic crowns. The ceramic fractures were divided as 

In contrast, in the group with an external configura-
tion, the prevalence of titanium decreased to 52.7%, 
while the use of gold and zirconia increased to 25.4% 
and 21.5%, respectively (chi2 test, P < .001). 

Type of Prosthetic Restoration
There was a higher prevalence of cemented (72.9%) 
than screwed (27.1%) implants used for crown reten-
tion. However, the prevalence of cemented crown re-
tention in the external-connection group was 47.8% 
vs 52.2% in the internal-connection group; for screwed 
crown retention, it was 62.6% and 37.4%, respectively 
(chi2 test, P < .001). There was an 83.8% prevalence of 
metal-ceramic single restorations with ceramic in the 
occlusal surface; in the ceramic-zirconia crowns group 
(with ceramic in the occlusal surface), it was 16.2%.

Prosthetic Margin
The prosthetic margin was more frequently extragin-
gival (63.2%), followed by subgingival (35.1%) and su-
pragingival (1.7%). Considering only the subgingival 
and extragingival prosthetic margins, in both types of 
connections, the extragingival prosthetic margin pre-
dominated. Among the 1,013 implants with an extra-
gingival prosthetic margin, the distribution was similar 
between internal and external implant-abutment con-
nection configurations: 49.9% in the first group and 
50.1% in the second group. Within the 562 implants 
with a subgingival prosthetic margin, 60.9% had an in-
ternal connection and 39.1% an external connection 
configuration (chi2 test, P < .001). 

Type of Opposite Arch and Opposite Arch 
Material
The majority of opposite arches were in sequence: 
teeth (56.2%), crown on tooth (22.5%), and crown on 
implant (15.1%). Pontics, dentures, generic crowns, 
and absence of opposite arch amounted all together 
to 6.3% of implants.

In 54.6% of implants, the opposite arch was the 
enamel of a natural tooth, followed by ceramic (36.8%) 
and resin (6.2%) of an artificial crown. 

Implant Brand
The majority of implants were produced by Nobel 
Biocare (35.7%; Nobel Biocare), Biomet 3i (21.1%; 3i/
Implant Innovations), and Resista (16.5%, WIS Implant 
System, Omegna). The frequency distribution of all 
brands stratified for implant-abutment connection 
configuration is reported in Table 3.

Negative Events
Of 2,010 implants, 75 were dropped because there 
was no information about follow-up, 1,431 implants 
(74.0%) were followed for at least 5 years, and 332 

Table 3 Frequency Distribution of Implant 
Brands Stratified for Implant-
Abutment Connection Configuration

Brand, No. of 
implants (%)

Implant-abutment 
connection configuration

TotalInternal External

Astra Tech 33 (3.4%) 0 33 (1.6%)

Biomet 3i 161 (16.6%) 264 (25.3%) 425 (21.1%)

Camlog 80 (8.3%) 0 80 (4.0%)

DentalTech 4 (0.4%) 0 4 (0.2%)

Dentsply Friadent 9 (0.9%) 0 9 (0.5%)

Exacta 2 (0.2%) 0 2 (0.1%)

GEASS 25 (2.6%) 0 25 (1.2%)

Keystone Dental 8 (0.8%) 1 (0.1%) 9 (0.5%)

MegaGen 6 (0.6%) 0 6 (0.3%)

Micerium 0 6 (0.6%) 6 (0.3%)

MIS Implants 2 (0.2%) 0 2 (0.1%)

Neoss 14 (1.5%) 0 14 (0.7%)

Nobel Biocare 278 (28.7%) 439 (42.13%) 717 (35.7%)

PH 11 (1.1%) 0 11 (0.6%)

Resista 0 331 (31.8%) 331 (16.5%)

Shackleton 4 (0.4%) 1 (0.1%) 5 (0.3%)

Straumann 40 (4.1%) 0 40 (2.0%)

Sweden & Martina 199 (20.6%) 0 199 (9.9%)

Thommen Medical 18 (1.9%) 0 18 (0.9%)

Zimmer Dental 74 (7.6%) 0 74 (3.7%)
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mm/year (46, 5.5%, in the internal- and 39, 4.3%, in 
the external-connection groups); and seven patients 
(0.4%) showed implant mobility, four (0.5%) in the 
internal-connection group and three in the external-
connection group (0.3%).

Considering exclusively the bone loss in excess 
of 0.2 mm/year, which was the most common peri-
implant manifestation, despite the small number of 
events, there was a nonsignificant difference in the 
trend of bone loss development between the two con-
nection types: the internal-connection group showed 
a slightly higher tendency to have more bone loss 
than the external-connection group, as visualized in 
the Kaplan-Meier failure curve (Fig 2; log-rank test, P = 
.0758). In an analysis of the life-table, the 5-year cumu-
lative failure rates for the internal- and external-con-
nection groups were found to be 5.5% (95% CI, 3.9 to 
7.7; survival rate, 97.2%, 95% CI, 95.6 to 98.2) and 4.0% 
(95% CI, 0.7 to 5.6; survival rate, 96.1%, 95% CI, 94.3 to 
97.3), respectively. Cumulative failure rates increased 
to 11.1% (95% CI, 7.7 to 16.0; survival rate, 88.9%, 95% 
CI, 84.0 to 92.3) in the internal-connection group and 
to 11.4% (95% CI, 7.3 to 17.5; survival rate, 88.6%, 95% 
CI, 82.5 to 92.7) in the external-connection group at 
the eighth year of observation. 

To analyze the risk factors for bone loss, the authors 
ran the Cox proportional hazard regression. After a 
step-forward selection of exposures, the variables im-
plant-abutment connection configuration, smoking, 
insertion torque, number of professional tooth-clean-
ing procedures per year (categorized into four groups: 
any professional tooth-cleaning, one professional 
tooth-cleaning, two professional tooth-cleanings, and 
more than two professional tooth-cleanings), waiting 
time between implant insertion and definitive pros-
thetic restoration, and peri-implant surgery were se-
lected for the model.

After the proportionality assumption—that is, haz-
ard ratios must be constantly associated with each 

follows: 20 for internal implant-abutment connection 
configuration (2.4%) and 26 for external connection 
(2.9%). The log-rank test was not significant (P = .9861).

Implant-Abutment Unscrewing Event
Of 1,935 implants, 1,713 (98.6%) never presented any 
unscrewing event of the implant-abutment interface; 
21 implants (1.2%) unscrewed once, and four implants 
unscrewed two or more times (0.2%). In a comparison 
of internal vs external abutment-connection configu-
rations, the difference was not significant for the num-
ber of “at least one unscrew event”: 13 events (1.6%) in 
internal-connection and 12 events (1.3%) in external-
connection implants (log-rank test, P = .4398).

Peri-implant Disease
The majority of patients (94.6%) did not develop any 
kind of peri-implant disease. Two patients (0.1%), one 
for each connection group, developed an abscess; 85 
patients (4.7%) showed a bone loss in excess of 0.2 

Fig 2  Kaplan-Meier failure curve for reduction in peri-implant 
bone level (bone loss).

Table 4 Frequency of Negative Events Stratified by Implant-Abutment Connection Configuration

Negative event,
Frequency (%)

Implant-abutment connection configuration

Internal External Missing values Total Log-rank test (P)

 Implant fracture 1 (0.1%a) 1 (0.1%a) 192 2 (0.1%b) .6664

 Screw fracture 3 (0.4%a) 1 (0.1%a) 191 4 (0.2%b) .1890

 Abutment fracture 2 (0.2%a) 2 (0.2%a) 191 4 (0.2%b) .8359

 Connection fracture 5 (0.6%a) 1 (0.1%a) 190 6 (0.3%b) .0584

 Restoration fracture 20 (2.4%a) 26 (2.9%a) 191 46 (2.6%b) .9861

 Implant unscrewc 13 (1.6%a) 12 (1.3%a) 197 25 (1.4%b) .4398

 Periodontal disease 51 (6.1a) 43 (4.7a) 185 84 (5.4%b) .0381

aPercentage of negative events inside the group defined by the type of connection.
bPercentage of negative events inside the full sample.
cAt least one unscrew event.
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Patients were predominantly nonsmokers or low-
smokers treated at least twice a year with professional 
tooth-cleaning. Implants were inserted primarily in the 
posterior area, eg, in molar and premolar sites, of the 
maxilla and mandible. The implant-abutment connec-
tion configuration was distributed equally between 
internal and external connections. In the sample, 
only 19.4% of implants were inserted with a torque 
below 25 Ncm; 55.9% of implants were inserted with 
a torque between 25 and 35 Ncm, and 24.7% above 
35 Ncm. Most implants had a titanium abutment and, 
after a delayed screw load, were temporarily restored. 
Regenerative surgery was performed in 27% of cases 
only. The crowns were primarily cemented and had an 
extragingival margin with a tooth or a crown on the 
tooth or implant in the opposite arch. 

The number of biologic or mechanical negative 
events was very low during the period of follow-up, 
with no difference between internal and external im-
plant-abutment connection configurations. Only 16 
(1.1%) in the implant sample had mechanical nega-
tive events because of implant/abutment/screw/con-
nection structure damage. The numbers of unscrewed 
implants and of restoration fractures of the esthetic ce-
ramic of metal-ceramic and of zirconia-ceramic crowns 
were also not clinically relevant, with no difference 
between internal and external implant-abutment con-
nection configurations. This result is slightly different 
from conclusions achieved by a recent literature review 
in which the type of connection seemed to have an in-
fluence on the incidence of screw loosening, with more 
loose screws reported for externally connected implant 
systems.59 It should be noted that all single crowns and 
all abutments were made by many different dental 
technicians, making comparison of the technical fea-
tures of all these prosthetic appliances very difficult.

The peri-implant biologic problem that developed 
during the observation was mainly due to the reduc-
tion in peri-implant bone height (bone loss in excess 
of 0.2 mm/year: 4.7%), whereas cases of abscess or 
implant mobility were close to zero (0.5%). Analysis of 

covariate over time— was checked, it was appar-
ent that only the exposure surgery did not respect it 
(test of proportional-hazards assumption, P = .0071). 
Therefore, the model was adjusted stratifying by sur-
gery. As a consequence of this, the baseline hazards 
for the three surgery groups (no peri-implant surgi-
cal treatment, surgical treatment simultaneously with 
and before implant insertion) were different. The log-
rank test showed that when patients were treated with 
surgery simultaneously, the implant insertion had a 
more rapid bone loss than in the other two groups (P 
= .0294). In the Cox model, stratified by surgery, all ex-
posures significantly influenced the development of 
bone loss (Table 5). Internal-connection implants had 
a higher hazard than external-connection implants 
(HR, 0.49; P < .003). Also, the number of cigarettes 
smoked per day (HR, 1.04; P = .02) and the amount 
of torque (HR, 1.26; P < .001) increased the hazard of 
bone loss. In the same way, the hazard increased as 
the number of professional tooth-cleaning procedures 
per year (HR, 1.58; P = .001) increased. The significance 
of these results was probably due to a higher number 
of professional treatments in patients classified by the 
prosthodontist as being at risk for periodontal disease. 
Moreover, an increase in the waiting time between 
implant insertion and definitive prosthetic restoration 
was protective against bone level reduction (HR, 0.94; 
P = .003).

DISCUSSION

This sample is a good overview of the patients treated 
by active AIOP members between January 2003 and 
December 2007. Of the respondents, 33% completed 
the spreadsheet with good quality data.

The sample population was comprised of more 
than 1,000 patients, with a higher number of female 
than male patients. However, sex did not influence 
the baseline and was not a risk factor for implant 
complications.

Table 5 A Cox Proportion Hazard Regression Model Stratified by Periodontal Surgery Showing the 
Effects of Five Variables on the Risk of Bone Loss

Variable Coefficient SE Z test P value HR 95% CI

X1 (connection type) –0.71a 0.24 –2.98 .003 0.49 0.31–0.78

X2 (cigarettes per day) 0.04 0.02 2.24 .025 1.04 1.00–1.07

X3 (insertion torque) 0.23 0.03 6.83 < .001 1.26 1.18–1.35

X4 (professional cleaning procedure per year)b 0.46 0.14 3.38 .001 1.58 1.21–2.06

X5 (waiting time for definitive restoration) –0.06 0.02 –2.98 .003 0.94 0.91–0.98
aThe reference group was internal connection implant-abutment configuration.
b“Professional cleaning procedure per year” was categorized as: any professional tooth-cleaning, one professional tooth-cleaning, two 
professional tooth-cleanings, and more than two professional tooth-cleanings.
SE = standard error; HR = hazard ratio.
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configurations adopted by different companies are not 
alike, and these differences might have a profound im-
pact on the clinical outcomes and on the incidence of 
complications. Further studies should be performed 
to evaluate the different types of internal-connection 
implants. In addition, the quality and the quantity of 
bacteria living in the gap present between an implant 
with an internal or an external configuration and abut-
ment and their effect on peri-implant tissues should be 
evaluated.

It should be noted that one of the limitations of this 
study was that many different implant brands were in-
cluded in the sample. A comparison could be more ap-
propriate only for implant types where external as well 
as internal connections are available.

CONCLUSIONS

Within the limitations of this study, it can be suggested 
that there is no difference in the clinical outcome of 
single restorations connected to internal- or external-
connection implants.

ACKNOWLEDGMENTS

The authors reported no conflicts of interest related to this 
study. 

REFERENCES

1. Kirsch A. The two-phase implantation method using IMZ intramo-
bile cylinder implants. J Oral Implantol 1983;11:197–210.

2. Brånemark PI, Zarb G, Albrektsson T. Tissue-Integrated Prostheses. 
Osseointegration in Clinical Dentistry. 1st ed. Chicago: Quintes-
sence, 1985:11–76.

3. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term 
efficacy of currently used dental implants. A review and proposed 
criteria of success. Int J Oral Maxillofac Implants 1986;1:11–25.

4. Babbush CA. ITI endosteal hollow cylinder implant systems. Dent 
Clin North Am 1986;30:133–149. 

5. Vigolo P, Mutinelli S, Fonzi F, Stellini E. An in vitro evaluation of im-
pression techniques for multiple internal and external connection 
implant prostheses. Int J Oral Maxillofac Implants 2014;29:807–818.

6. Weinberg LA. The biomechanics of force distribution in implant-
supported prostheses. Int J Oral Maxillofac Implants 1993;8:19–31.

7. Adell R, Eriksson B, Lekholm U, Brånemark PI, Jemt T. A long-term 
follow-up of osseointegrated implants in the treatment of totally 
edentulous jaws. Int J Oral Maxillofac Implants 1990;5:347–359.

8. Jemt T, Laney WR, Harris D, et al. Osseointegrated implants for 
single tooth replacement: A 1-year report from a multicenter pro-
spective study. Int J Oral Maxillofac Implants 1991;6:29–36. 

9. Becker W, Becker BE. Replacement of maxillary and mandibular 
molars with single endosseous implant restorations: A retrospec-
tive study. J Prosthet Dent 1995;74:51–55.

10. Sutter F, Weber HP, Sorenson J, Belser U. The new restorative con-
cept of the ITI dental implant system: Design and engineering. Int 
J Periodontics Restorative Dent 1993;13:409–431. 

11. Norton MR. An in vitro evaluation of the strength of an internal 
conical interface compared to a butt joint interface in implant 
design. Clin Oral Implants Res 1997;8:290–298. 

bone loss in excess of 0.2 mm/year and its relationship 
with implant-abutment connection configurations 
gave a marginally significant difference in develop-
ment time. In fact, the difference in event develop-
ment was very low. The 5-year cumulative survival 
rate was slightly higher in the external (1.5%) than in 
the internal implant-abutment connection configura-
tion group. Obviously, 1.5% is a result that is not clini-
cally relevant, partly for the degree of difference but 
mainly for the generic definition of the outcome: bone 
loss in excess of 0.2 mm/year. This was exclusively a 
dichotomous variable defining the presence or ab-
sence of reduction in peri-implant bone levels and 
not a numerical quantity to evaluate the severity of 
the process. However, continuing the analysis into this 
outcome was considered relevant to obtain informa-
tion about the peri-implant effect in the implant site. 

The low number of negative events could raise 
doubts about the selection of the sample: a bias could 
not be excluded. However, the sample was a “healthy 
ideal sample”: predominantly nonsmoker or low-
smoker with a regularly scheduled professional tooth-
cleaning procedure, treated with single implants in 
the majority of cases without regenerative surgery. 
The Cox regression model showed the negative in-
fluence of smoking on periodontal health: the nega-
tive influence intensified as the number of cigarettes 
increased. Also, the hazard of the internal-connection 
implant was two times higher than that of the exter-
nal-connection implant. In addition, each increment 
in insertion torque worsened the amount of bone loss 
in a directly proportional way. In contrast, an increase 
in waiting time between implant insertion and screw 
load was protective for bone level preservation. 

Moreover, supplementary and additional peri-im-
plant surgery showed different effects on bone level. 
Bone loss amount was significantly higher around im-
plants treated surgically at implant insertion compared 
with those treated at advanced stages. However, no 
information was available regarding the real amount 
of bone loss before implant insertion in patients previ-
ously treated. This is the reason why, in the statistical 
analysis, the sample was stratified by the correspond-
ing surgery variable. As a consequence of this, any 
comparison can be performed, and any conclusion can 
be reached about the effect of surgery on the amount 
of bone loss. 

 In a “healthy sample,” the cumulative effect of 
those risk factors was not relevant from a clinical point 
of view. However, in conditions that are not ideal, it 
could be an option to consider the torque needed 
or to postpone the screw load or to opt for a specific 
type of connection, to define the likelihood of implant 
survival and the prognosis for the patient. Unlike the 
external-hexagon connection, the internal-connection 

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Oral & Maxillofacial Implants 1395

Vigolo et al

34. Perriard J, Wiskott WA, Mellal A, Scherrer SS, Botsis J, Belser UC. 
Fatigue resistance of ITI implant-abutment connectors—a compari-
son of the standard cone with a novel internally keyed design. Clin 
Oral Implants Res 2002;13:542–549.

35. Maeda Y, Satoh T, Sogo M. In vitro differences of stress concentra-
tions for internal and external hex implant-abutment connections: 
A short communication. J Oral Rehabil 2006;33:75–78.

36. Vigolo P, Fonzi F, Majzoub Z, Cordioli G. Evaluation of gold-ma-
chined UCLA-type abutments and CAD/CAM titanium abutments 
with hexagonal external connection and with internal connection. 
Int J Oral Maxillofac Implants 2008;23:247–252.

37. Ha CY, Lim YJ, Kim MJ, Choi JH. The influence of abutment angula-
tion on screw loosening of implants in the anterior maxilla. Int 
J Oral Maxillofac Implants 2011;26:45–55.

38. Meng JC, Everts JE, Qian F, Gratton DG. Influence of connection 
geometry on dynamic micromotion at the implant-abutment inter-
face. Int J Prosthodont 2007;20:623–625.

39. Koo KT, Lee EJ, Kim JY, et al. The effect of internal versus ex-
ternal abutment connection modes on crestal bone changes 
around dental implants: A radiographic analysis. J Periodontol 
2012;83:1104–1109.

40. Clelland NL, Seidt JD, Daroz LG, McGlumphy EA. Comparison of 
strains for splinted and nonsplinted implant prostheses using 
three-dimensional image correlation. Int J Oral Maxillofac Implants 
2010;25:953–959.

41. Nissan J, Ghelfan O, Gross M, Chaushu G. Analysis of load transfer 
and stress distribution by splinted and unsplinted implant-support-
ed fixed cemented restorations. J Oral Rehabil 2010;37:658–662.

42. Vigolo P, Zaccaria M. Clinical evaluation of marginal bone level 
change of multiple adjacent implants restored with splinted and 
nonsplinted restorations: A 5-year prospective study. Int J Oral 
Maxillofac Implants 2010;25:1189–1194.

43. Vigolo P, Mutinelli S, Zaccaria M, Stellini E. Clinical evaluation of 
marginal bone level change of multiple adjacent implants restored 
with splinted and nonsplinted restorations: A 10-year randomized 
controlled trial. Int J Oral Maxillofac Implants 2015;30:411–418.

44. Asvanund P, Morgano SM. Photoelastic stress analysis of external 
versus internal implant-abutment connections. J Prosthet Dent 
2011;106:266–271.

45. Freitas AC Jr, Bonfante EA, Rocha EP, Silva NR, Marotta L, Coelho PG. 
Effect of implant connection and restoration design (screwed vs. 
cemented) in reliability and failure modes of anterior crowns. Eur 
J Oral Sci 2011;119:323–330.

46. Seetoh YL, Tan KB, Chua EK, Quek HC, Nicholls JI. Load fatigue 
performance of conical implant-abutment connections. Int J Oral 
Maxillofac Implants 2011;26:797–806.

47. Happe A, Schulte-Mattler V, Fickl S, Naumann M, Zöller JE, Rothamel 
D. Spectrophotometric assessment of peri-implant mucosa after 
restoration with zirconia abutments veneered with fluorescent ce-
ramic: A controlled, retrospective clinical study. Clin Oral Implants 
Res 2013; 24(suppl):s28–s33.

48. Vigolo P, Givani A, Majzoub Z, Cordioli G. A 4-year prospective study 
to assess peri-implant hard and soft tissues adjacent to titanium 
versus gold-alloy abutments in cemented single implant crowns. 
J Prosthodont 2006;15:250–256.

49. Nothdurft FP, Doppler KE, Erdelt KJ, Knauber AW, Pospiech PR. Influ-
ence of artificial aging on the load-bearing capability of straight or 
angulated zirconia abutments in implant/tooth-supported fixed 
partial dentures. Int J Oral Maxillofac Implants 2010;25:991–998.

50. Klotz MW, Taylor TD, Goldberg AJ. Wear at the titanium-zirconia 
implant-abutment interface: A pilot study. Int J Oral Maxillofac 
Implants 2011;26:970–975.

51. Truninger TC, Stawarczyk B, Leutert CR, Sailer TR, Hämmerle CH, 
Sailer I. Bending moments of zirconia and titanium abutments with 
internal and external implant-abutment connections after aging 
and chewing simulation. Clin Oral Implants Res 2012;23:12–18.

52. Sailer I, Philipp A, Zembic A, Pjetursson BE, Hämmerle CH, Zwahlen 
M. A systematic review of the performance of ceramic and metal 
implant abutments supporting fixed implant reconstructions. Clin 
Oral Implants Res 2009;20(suppl):s4–s31.

53. Nakamura K, Kanno T, Milleding P, Ortengren U. Zirconia as a dental 
implant abutment material: A systematic review. Int J Prosthodont 
2010;23:299–309.

12. Merz BR, Hunenbart S, Belser UC. Mechanics of the implant-
abutment connection: An 8-degree taper compared to a butt joint 
connection. Int J Oral Maxillofac Implants 2000;15:519–526.

13. Finger I, Castellon P, Block M, Elian N. The evolution of external and 
internal implant/abutment connections. Pract Proced Aesthet Dent 
2003;15:625–632.

14. Balfour A, O’Brien GR. Comparative study of antirotational single 
tooth abutments. J Prosthet Dent 1995;73:36–43.

15. Norton MR. Assessment of cold welding properties of the internal 
conical interface of two commercially available implant systems. 
J Prosthet Dent 1999;81:159–166.

16. Steinebrunner L, Wolfart S, Ludwig K, Kern M. Implant-abutment 
interface design affects fatigue and fracture strength of implants. 
Clin Oral Implants Res 2008;19:1276–1284.

17. Wiskott HW, Jaquet R, Scherrer SS, Belser UC. Resistance of internal-
connection implant connectors under rotational fatigue loading. 
Int J Oral Maxillofac Implants 2007;22:249–257.

18. Coppedê AR, Bersani E, de Mattos Mda G, Rodrigues RC, Sartori IA, 
Ribeiro RF. Fracture resistance of the implant-abutment connec-
tion in implants with internal hex and internal conical connections 
under oblique compressive loading: An in vitro study. Int J Prostho-
dont 2009;22:283–286.

19. Tsuge T, Hagiwara Y. Influence of lateral-oblique cyclic loading 
on abutment screw loosening of internal and external hexagon 
implants. Dent Mater J 2009;28:373–381.

20. Bernardes SR, de Araujo CA, Neto AJ, Simamoto Junior P, das Neves 
FD. Photoelastic analysis of stress patterns from different implant-
abutment interfaces. Int J Oral Maxillofac Implants 2009;24:781–789.

21. Pjetursson BE, Tan K, Lang NP, Brägger U, Egger M, Zwahlen M. 
A systematic review of the survival and complications rates of 
fixed partial dentures (FPDs) after an observation period of at 
least 5 years. I. Implant-supported FPDs. Clin Oral Implants Res 
2004;15:625–642.

22. Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M, Lang 
NP. A systematic review of the 5-year survival and complication 
rates of implant-supported single crowns. Clin Oral Implants Res 
2008;19:119–130.

23. Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abutment screw 
loosening in single-implant restorations: A systematic review. Int 
J Oral Maxillofac Implants 2008;23:681–690.

24. Sailer I, Sailer T, Stawarczyk B, Jung RE, Hämmerle CH. In vitro study 
of the influence of the type of connection on the fracture load of 
zirconia abutments with internal and external implant-abutment 
connections. Int J Oral Maxillofac Implants 2009;24:850–858.

25. Martin WC, Woody RD, Miller BH, Miller AW. Implant abutment 
screw rotations and preloads for four different screw materials and 
surfaces. J Prosthet Dent 2001;86:24–32.

26. Siamos G, Winkler S, Boberick KG. Relationship between implant 
preload and screw loosening on implant-supported prostheses. 
J Oral Implantol 2002;28:67–73.

27. Otorp A, Jemt T, Wennerberg A, Berggren C, Brycke M. Screw pre-
loads and measurements of surface roughness in screw joints: An 
in vitro study on implant frameworks. Clin Implant Dent Relat Res 
2005;7:141–149.

28. Park JK, Choi JU, Jeon YC, Choi KS, Jeong CM. Effects of abutment 
screw coating on implant preload. J Prosthodont 2010;19:458–464.

29. Kim KS, Lim YJ, Kim MJ, et al. Variation in the total lengths of abut-
ment/implant assemblies generated with a function of applied 
tightening torque in external and internal implant-abutment con-
nection. Clin Oral Implants Res 2011;22:834–839.

30. Apicella D, Veltri M, Balleri P, Apicella A, Ferrari M. Influence of 
abutment material on the fracture strength and failure modes of 
abutment-fixture assemblies when loaded in a bio-faithful simula-
tion. Clin Oral Implants Res 2011;22:182–188.

31. Binon PP. Evaluation of machining accuracy and consistency of 
selected implants, standard abutments and laboratory analogs. Int 
J Prosthodont 1995;8:162–178.

32. Binon PP. The effect of implant/abutment hexagonal misfit on 
screw joint stability. Int J Prosthodont 1996;9:149–160.

33. Binon PP, McHugh M. The effect of eliminating implant/abut-
ment rotational misfit on screw joint stability. Int J Prosthodont 
1996;9:511–519.

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Vigolo et al

1396 Volume 31, Number 6, 2016

58. Canullo L. Clinical outcome study of customized zirconia abutments 
for single-implant restorations. Int J Prosthodont 2007;20:489–493.

59. Gracis S, Michalakis K, Vigolo P, Vult von Steyern P, Zwahlen M, Sailer 
I. Internal vs. external connections for abutments/reconstructions: 
A systematic review. Clin Oral Implants Res 2012;23(suppl):202–216.

60. Buser D, von Arx T, ten Bruggenkate C, Weingart D. Basic 
surgical principles with ITI implants. Clin Oral Implants Res 
2000;11(suppl):s59–s68.

61. Bornstein MM, Cionca N, Mombelli A. Systemic conditions and 
treatments as risks for implant therapy. Int J Oral Maxillofac Im-
plants 2009;24(suppl):12–27.

62. Cochran DL, Schou S, Heitz-Mayfield LJ, Bornstein MM, Salvi GE, 
Martin WC. Consensus statements and recommended clinical 
procedures regarding risk factors in implant therapy. Int J Oral 
Maxillofac Implants 2009;24(suppl):s86–s89. 

54. Andersson B, Taylor A, Lang BR, et al. Alumina ceramic implant 
abutments used for single-tooth replacement: A prospective 1- to 
3-year multicenter study. Int J Prosthodont 2001;14:432–438.

55. Andersson B, Glauser R, Maglione M, Taylor A. Ceramic implant 
abutments for short-span FPDs: A prospective 5-year multicenter 
study. Int J Prosthodont 2003;16:640–646.

56. Glauser R, Sailer I, Wohlwend A, Studer S, Schibli M, Schärer P. Ex-
perimental zirconia abutments for implant-supported single-tooth 
restorations in esthetically demanding regions: 4-year results of a 
prospective clinical study. Int J Prosthodont 2004;17:285–290.

57. Zembic A, Sailer I, Jung RE, Hämmerle CH. Randomized-controlled 
clinical trial of customized zirconia and titanium implant abutments 
for single-tooth implants in canine and posterior regions: 3-year 
results. Clin Oral Implants Res 2009;20:802–808.

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




