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Purpose: This study was conducted to compare the cumulative survival rates (CSRs) and 
the incidence of postloading complications (PLCs) between a bone-level internal connec-
tion system (ICS-BL) and an external connection system (ECS).
Methods: The medical records of patients treated with either a ICS-BL or ECS between 
2007 and 2010 at Asan Medical Center were reviewed. PLCs were divided into two catego-
ries: biological and technical. Biological complications included >4 mm of probing pocket 
depth, thread exposure in radiographs, and soft tissue complications, whereas technical 
complications included chipping of the veneering material, fracture of the implant, frac-
ture of the crown, loosening or fracture of the abutment or screw, loss of retention, and 
loss of access hole filling material. CSRs were determined by a life-table analysis and com-
pared using the log-rank chi-square test. The incidence of PLC was compared with the 
Pearson chi-squared test.
Results: A total of 2,651 implants in 1,074 patients (1,167 ICS-BLs in 551 patients and 
1,484 ECSs in 523 patients) were analyzed. The average observation periods were 3.4 years 
for the ICS-BLs and 3.1 years for the ECSs. The six-year CSR of all implants was 96.1% 
(94.9% for the ICS-BLs and 97.1% for the ECSs, P=0.619). Soft tissue complications were 
more frequent with the ECSs (P=0.005) and loosening or fracture of the abutment or 
screw occurred more frequently with the ICS-BLs (P<0.001).
Conclusions: Within the limitations of this study, the ICS-BL was more prone to technical 
complications while the ECS was more vulnerable to biological complications.
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INTRODUCTION

After the concept of osseointegration was introduced by Brånemark et al. [1], the indica-
tions for dental implants were expanded from fully edentulous to partially edentulous cases 
and a high long-term success/survival rate was demonstrated [2,3]. Despite the general reli-
ability of implantation techniques, it is not always possible to perform a restoration without 
any complications. In the literature, the complications arising from implants have been cat-
egorized into two types: technical and biological [4-9]. The general category of technical 
complications refers to any mechanical damage of the implants, implant components, and 
suprastructures, whereas biological complications are disturbances in implant function that 
affect the supporting peri-implant tissues [8]. According to previous studies [4-7,9], the 
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overall survival rate of implants ranges from 94.5% to 97.2%. How-
ever, the incidence of biological and technical complications has 
varied widely as implant systems have changed over time.

Implant systems can generally be classified as either external con-
nection systems (ECSs) or internal connection systems (ICSs) accord-
ing to the type of fixture or abutment connection. ICS can be sub-
divided into bone-level systems (ICS-BL) and transmucosal systems. 
ECSs are characterized by an external hexagon and have served well 
over the years. The external hexagon was developed to facilitate the 
insertion of components such as abutments and impression copings, 
rather than to provide an antirotational ability [6] and therefore, 
external systems exhibit weakness due to micromovements of the 
abutments under a high occlusal load due to their limited hexago-
nal height [5]. ICSs typically have a tapered conical connection and 
are popular for their mechanically stable and self-locking interface 
[9]. It has been shown that the conical internal connection transfers 
stress from the abutment apically to a greater extent and, as a re-
sult, reduces stress on the crestal bone in comparison with external 
connections [10]. However, fractures may occur in the coronal por-
tion of some ICS-BL fixtures under a high occlusal load [11].

Abundant long-term clinical data regarding ECSs are available. 
Most technical complications are well-reported, and it is known 
that the fixtures in ECSs can experience breakage of the abutment 
screw instead of undergoing fixture fracture, with potentially cat-
astrophic results [10,12]. In contrast, few long-term clinical data 
have been reported for ICSs, and the mechanical advantages of 
ICSs have been assessed based on in vitro studies. Moreover, recent 
studies have challenged the mechanical stability of ICSs and have 
shown that increased axial displacement occurs in ICSs as tighten-
ing torque and loading cycles increase [13-15].

Although abundant studies have investigated survival rates and/or 
complication incidences, no comparative studies of different implant/
abutment connection systems have been performed. As a consequence, 
survival rates and the incidence of complications according to the type 
of implant/abutment connection can only be indirectly compared in 
systematic reviews [4,16]. Therefore, the present study was conducted 
to retrospectively compare the survival rates and the incidence of post-
loading complications in two implant systems—one an ICS-BL and the 
other an ECS—installed in one institution.

MATERIALS AND METHODS

This study was a retrospective analysis of the cumulative survival 
rates (CSRs) and the incidence of complications in two implant sys-
tems—one ICS-BL (ASTRA Tech Implant System EV, Dentsply Im-
plants, Mölndal, Sweden) and one ECS (Brånemark Implant System, 
Nobel Biocare, Göteborg, Sweden)—and was approved by the Insti-
tutional Review Board at Asan Medical Center (S2012-2211-0001). 
A total of 2,651 implants in 1,074 patients were reviewed, including 
all types of implant prostheses, such as fixed partial or full-arch res-
torations, hybrid-type restorations and overdentures. All the patients 
were treated in the Department of Dentistry, Asan Medical Center in 

Seoul, South Korea between January 2007 and December 2010.
A thorough and complete review of the medical records of the 

enrolled patients was performed and all data were inserted into 
spreadsheets (Microsoft Excel 2007, Microsoft Inc., Redmond, WA, 
USA). The collected data included the implant system (ASTRA Tech 
or Brånemark), the position of the fixture, the diameter and length 
of the fixture, the date of fixture installation, the date of prosthe-
sis delivery, the date of the last visit, the type of prosthesis (fixed 
partial, fixed full-arch, hybrid, or overdenture), the type of crown 
retention (screw, cement, or screw-cement), the type of super-
structure (gold, metal-ceramic, or all ceramic), the date of fixture 
removal due to failure (if any), the probing depth around the im-
plant crown, thread exposure in follow-up radiographic images 
taken after at least three months of loading, soft tissue complica-
tions, chipping of the veneering material, fracture of the implant, 
fracture of the implant crown, loosening or fracture of the abut-
ment or screw, loss of retention, and loss of access hole filling ma-
terial. Thread exposure in radiographic images was defined as mar-
ginal bone loss involving more than two threads exposed in an ECS 
or extending beyond the microthread region in an ICS-BL [4,17]. A 
soft tissue complication was considered to be present if records in-
dicated signs of inflammation, bleeding on probing, suppuration, 
hyperplasia, or dehiscence in the peri-implant mucosa. Among the 
complications recorded, probing pocket depth>4 mm, thread ex-
posure in follow-up radiographic images, and soft tissue complica-
tions were considered to be biological complications, whereas 
chipping of the veneering material, fracture of the implant, frac-
ture of the implant crown, loosening or fracture of the abutment 
or screw, loss of retention, and loss of access hole filling material 
were considered to be technical complications.

The observation period of an implant was defined as the time 
interval from the day of prosthesis delivery to the day of the last 
visit in a patient’s medical record. Survival was defined as the con-
dition of an implant remaining in situ with or without modifica-
tions, while failure was defined as the condition of an implant that 
had to be removed [18]. CSRs were calculated using time-table 
survival probabilities and the log-rank chi-square test was used to 
compare the survival rates between the two implant systems. The 
incidence of biological and technical complications between the 
two systems was compared with the Pearson chi-square test. The 
statistical analysis was carried out with IBM SPSS Statistics ver. 
22.0 (IBM Co., Armonk, NY, USA), and P-values <0.05 were consid-
ered to indicate statistical significance.

RESULTS

The characteristics of the subjects according to the type of im-
plant that was placed are presented in Tables 1 and 2. A total of 
1,074 patients aged between 14 and 92 years (mean, 53.1±13.5 
years) at the time of fixture installation, of whom 484 were female, 
were enrolled in the study. A total of 2,651 implants (1,167 ICS-BLs 
and 1,484 ECSs) were placed in the 1,074 patients (551 ICS-BLs and 
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523 ECSs), with an approximate average of 2.47 implants per pa-
tient. A total of 653 ICS-BL implants (56.0%) and 727 ECS implants 
(49.0%) were inserted in the maxillae, while 659 ICS-BL implants 
(56.5%) and 836 ECS implants (56.3%) were placed in the molar re-
gion. The average observation periods for the ICS-BL and ECS were 
3.4 years (range, 0.1–6.2 years) and 3.1 years (range, 0.1–6.0 years), 
respectively. More than half of the superstructures were fixed par-
tial prostheses of screw-retained gold crowns with resin veneering.

Cumulative survival rate
The overall CSR after six years was 96.1%. No statistically signifi-

cant difference between the two systems was observed, although 
the CSR for the ICS-BL (94.9%) was lower than that for the ECS 
(97.1%) (Table 3). Both systems showed similar pattern of failure 
occurrence, in which more than half of failures occurred in the 
first year of loading. The ICS-BLs mostly failed in the molar region, 
whereas the failure rate of the ECSs did not significantly vary de-
pending on the position of the implant. Moreover, higher failure 
rates were observed in the ICS-BLs in the mandibular molar region 
and in the ECSs in the maxillary anterior region (P<0.05) (Fig. 1).

Complication incidence
Fig. 2 shows the incidence of complications in the two implant 

systems. Biological complications (2.1%–10.4%) were more fre-
quent than technical complications (0.1%–6.9%). Of all the compli-
cations investigated, soft tissue complications had the highest inci-
dence (8.1% in the ICS-BLs and 10.4% in the ECSs), followed by 
loosening or fracture of the abutment or screw (6.9% and 3.2%, re-
spectively), probing pocket depth>4 mm (4.0% and 4.3%, respec-
tively), and chipping of the veneering material (3.5% and 3.0%, re-
spectively), while the incidence of other complications was less 
than 3.0%. Fractures of the implant or crown occurred very rarely. 
Regardless of statistical significance, the ECSs tended to show more 
biological complications while the ICS-BLs were more prone to 
technical complication. Moreover, soft tissue complications were 
more frequent in the ECSs (P=0.005) and loosening or fracture of 

the abutment or screw occurred more frequently in the ICS-BLs 
(P<0.001). 

DISCUSSION

The present study compared the CSRs and the incidence of com-
plications in two different implant systems. Since most commercial-
ly available implant systems yield a satisfactory outcome in terms of 
osseointegration, postloading complications are of primary impor-
tance for the long-term success of an implant. In order to ensure 
the usefulness of our data in future systematic reviews or meta-
analyses, the functional complications of implants were categorized 
according to Misch and Wang’s criteria [8]. Previous studies of im-
plant complications have either involved one system with a small 
number of subjects or several systems with a relatively large number 
of subjects. Analyses of one system with a small number of subjects 
may present in-depth information on the system studied, but are 
not more generally relevant due to their small sample sizes. Mean-
while, the extant studies on several systems with a large number of 
subjects were conducted using a multicenter design, in which the 
collected data are often heterogeneous. In the present study, more 
than 500 subjects with more than 1,000 implants for each system 
were enrolled, and all procedures were performed in the same cen-
ter. These considerations increase the relevance of the present study.

The six-year CSRs were 94.9% for the ICS-BL and 97.1% for the 
ECS. These CSRs correspond to those reported in previous studies 
[4,19]. Although ECSs had a higher CSR than ICS-BLs, the difference 
was not statistically significant. This result should be interpreted 
with caution because the incidence of failure of the ICS-BLs was 
higher through the second year to the sixth year compared to that 
of the ECSs. The more frequent failure in the ICS-BLs was partly as-
sociated with fractures of the fixture. Previous studies have shown 
an incidence of fracture of 0.7% for ICS-BLs and 0.18% for ECSs 
[20,21]. Cha et al. [11] also reported that 11 of 136 implants were 
removed due to implant fracture within five years. For a proper 
and accurate comparison of the two systems, long-term CSRs of 

Table 1. Demographics of the enrolled patients (n=1,074).

Demographic
ECS ICS-BL Overall

Male Female Subtotal Male Female Subtotal Male Female Total

No. of patients 284 239 523 306 245 551 590 484 1,074

Age (year)

   ≤29 13 8 21 22 29 51 35 37 72

   30–39 20 15 35 32 33 65 52 48 100

   40–59 156 129 285 179 119 298 335 248 583

   60–79 88 82 170 69 64 133 157 146 303

   ≥80 7 5 12 4 0 4 11 5 16

   Mean±SD 55±13 57±12 56±13 51±13 50±14 50±13 53±13 53±14    53±14

ECS: external connection implant system, ICS-BL: bone-level internal connection implant system, SD: standard deviation.
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more than 10 years should be examined.
Previous studies comparing these two systems focused on tech-

nical complications [4,22] and no studies have compared biological 
complications in these systems. In the present study, both catego-
ries of complications were simultaneously investigated and com-
pared. Soft tissue complications, which fall into the category of 
biological complications, were the most frequent complication. 

However, it is possible that the incidence of soft tissue complica-
tions was underestimated, since bleeding on probing or soft tissue 
enlargement/dehiscence around the implant can often be observed 
in daily practice. Unfortunately, no previous studies have evaluated 
the incidence of soft tissue complications. The second most fre-
quent complication was loosening or fracture of the abutment or 
screw, which falls into the category of technical complications. 

Table 2. Characteristics of the implants investigated in this study (n=2,651).

Variable
ECS ICS-BL Overall

Male Female Subtotal Male Female Subtotal Male Female Total

Implant position

   Maxilla

      Anterior 69 45 114 98 86 184 167 131 298 (11.2)

      Premolar 147 110 257 86 84 170 233 194 427 (16.1)

      Molar 196 160 356 188 111 299 384 271 655 (24.7)

   Mandible

      Anterior 63 32 95 31 34 65 94 66 160 (6.0)

      Premolar 98 84 182 30 59 89 128 143 271 (10.2)

      Molar 255 225 480 196 164 360 451 389 840 (31.7)

      Subtotal 828 656 1,484 629 538 1,167 1,457 1,194 2,651 (100)

Observation period (year)

   <1 183 140 323 125 110 235 308 250 558 (21.0)

   1–2 205 190 395 105 102 207 310 292 602 (22.7)

   2–3 122 122 244 128 122 250 250 244 494 (18.6)

   3–4 168 142 310 176 132 308 344 274 618 (23.3)

   4–5 110 100 210 90 56 146 200 156 356 (13.4)

   5–6 1 1 2 14 7 21 15 8 23 (0.9)

   Subtotal 789 695 1,484 638 529 1,167 1,427 1,224 2,651 (100)

Type of retention

   Screw 729 594 1,323 384 370 754 1,113 964 2,077 (78.3)

   Cement 57 25 82 111 116 227 168 141 309 (11.7)

   Screw-cement 40 39 79 117 69 186 157 108 265 (10.0)

   Subtotal 826 658 1,484 612 555 1,167 1,438 1,213 2,651 (100)

Type of prosthesis

   Fixed partial 694 583 1,277 586 507 1,093 1,280 1,090 2,370 (89.4)

   Fixed full-arch 15 10 25 11 5 16 26 15 41 (1.5)

   Hybrid 17 9 26 11 4 15 28 13 41 (1.5)

   Overdenture 99 57 156 21 22 43 120 79 199 (7.5)

   Subtotal 825 659 1,484 629 538 1,167 1,454 1,197 2,651 (100)

Superstructure

   Gold-resin 627 488 1,115 561 488 1,049 1,188 976 2,164 (81.6)

   Metal-ceramic 196 164 360 42 36 78 238 200 438 (16.5)

   All ceramic 2 7 9 26 14 40 28 21 49 (1.8)

   Subtotal 825 659 1,484 629 538 1,167 1,454 1,197 2,651 (100)

ECS: external connection implant system, ICS-BL: bone-level internal connection implant system.
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Loosening or fracture of the abutment or screw also included a 
broad range of situations, which may contribute to its high inci-
dence. Other studies have reported a 5% and 9% occurrence of 
screw loosening [20,23], which are comparable to our results. It was 
noteworthy that soft tissue complications were more frequent in 
the ECS and loosening or fracture of the abutment or screw oc-
curred more frequently in the ICS-BL. Moreover, regardless of sta-
tistical significance, the ECS tended to show higher incidences of 
biological complications, while the ICS-BL was more prone to tech-
nical complications.

Recent systematic reviews have reported that the cumulative 
complication rate of >2 mm of bone loss in implants was 5.2% 
[20], and two other systemic reviews have shown marginal bone 
loss rates of 2.6% and 5.7% [21,23]. In the present study, thread ex-
posure in radiographs was used as a parameter indicating marginal 
bone loss and had an incidence of 2.1% and 2.5% for the ICS-BLs 
and ECSs, respectively. The low incidence compared to those found 
in the previous reviews may reflect the loose definition of thread 
exposure in radiographs. However, the loose definition was suffi-

cient to compare the incidences between the two systems because 
the dimensions of the microthread region in the ICS-BL were similar 
to those from the platform to the second thread in the ECS.

The higher incidence of soft tissue complications in the ECSs could 
partly be explained by the effect of platform-switching [24], which 
was employed in the ICS-BL. In platform-switched systems, some 
additional thickness in the horizontal soft tissue component might 
contribute to reducing crestal bone loss resulting from the reforma-
tion of biologic width and the microgap. However, another compar-
ative study between platform-matching and platform-switching 
systems showed minimal marginal bone-level changes with no dif-
ference between the implant systems [25]. Taking these studies into 
account, we suggest that soft tissue complications such as signs of 
inflammation, bleeding on probing, and suppuration on peri-implant 
mucosa may be associated with the stability of peri-implant soft tis-
sues rather than that of peri-implant marginal bone level, and that 

Table 3. Life-table analysis of the cumulative survival rates of the two implant systems.

Period 
(year)

Overall ICS-BL ECS

Initial Withdrawn Failed SR CSR Initial Withdrawn Failed SR CSR Initial Withdrawn Failed SR CSR

0–1 2,651 527 31 0.997 0.987 1,167 222 13 0.996 0.988 1,484 305 18 0.998 0.987

1–2 2,093 596 6 0.997 0.984 932 203 4 0.995 0.983 1,161 393 2 0.998 0.985

2–3 1,491 489 5 0.996 0.980 725 247 3 0.995 0.978 766 242 2 0.997 0.982

3–4 997 611 7 0.990 0.970 475 305 3 0.991 0.969 522 306 4 0.989 0.971

4–5 379 354 2 0.990 0.961 167 144 2 0.979 0.949 212 210 0 1.000 0.971

5–6 23 23 0 1.000 0.961 21 21 0 1.000 0.949 2 2 0 1.000 0.971

There was no statistically significant difference in CSR between the two systems according to the log-rank test (P=0.619). 
SR: survival rate, CSR: cumulative survival rate, ECS: external connection implant system, ICS-BL: bone-level internal connection implant system.
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Figure 1. Failure rates according to the position of the implants. The ECSs 
failed most often in the maxillary anterior region while the ICS-BLs failed 
most often in the mandibular molar area. ECS: external connection implant 
system, ICS-BL: bone-level internal connection implant system. *P<0.05.
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the ICS-BL can stabilize adjacent soft tissues more than the ECS can. 
However, further studies are required because other factors, includ-
ing the emergence profile of the crown and the location of the 
crown margin in a cement-retained crown, can affect the condition 
of peri-implant soft tissue.

The frequency of loosening or fracture of the abutment or screw 
has been reported to be 12% and 19% [17,20], but was much lower 
in the present study (6.9% in the ICS-BLs and 3.2% in the ECSs). The 
relatively short follow-up period and the use of a single implant sys-
tem for each connection type may play a role in these low compli-
cation rates. Moreover, in the present study, loosening or fracture of 
the abutment or screw occurred more often in the ICS-BLs. No pre-
vious study has directly compared the occurrence of this complica-
tion between the two systems. In recent publications, conflicting re-
sults have been reported: more screw loosening has been observed 
in ECSs, while more axial displacement and a decrease of loosening 
torque have been reported in ICS-BLs [15,16,26]. Another study con-
ducted in our institution also reported a 25.7% rate of abutment 
screw loosening in single ICS-BL implant restorations up to five years 
[11]. Maeda et al. [10] demonstrated that the thinner lateral wall at 
the coronal part of an ICS fixture was related to fixture tearing or 
fracture. Furthermore, the ICS-BLs showed a faster CSR decrease 
than did the ECSs over time, which may be another indication that 
the coronal portion of fixtures in the ICS-BL is relatively weak.

In conclusion, within the limitations of this retrospective study, 
the ICS-BLs were more prone to technical complications while the 
ECSs were more vulnerable to biological complications. For this rea-
son, the ICS-BL may be more suitable for restoring anterior regions 
experiencing esthetic challenges, whereas the ECS may be preferred 
in posterior regions under a high occlusal load. 

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGEMENTS

This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) funded 
by the Ministry of Science, ICT, and Future Planning (NRF-2013 
R1A1A2011974).

ORCID

Sung-Wook Chae http://orcid.org/0000-0002-7122-9692
Young-Sung Kim http://orcid.org/0000-0003-2674-3649
Yong-Moo Lee http://orcid.org/0000-0002-5619-3847
Won-Kyung Kim http://orcid.org/0000-0003-2557-1646
Young-Kyoo Lee http://orcid.org/0000-0001-7065-282X
Su-Hwan Kim http://orcid.org/0000-0002-3431-453X

REFERENCES

1. Brånemark PI, Adell R, Breine U, Hansson BO, Lindström J, Ohlsson 
A. Intra-osseous anchorage of dental prostheses. I. Experimental 
studies. Scand J Plast Reconstr Surg 1969;3:81-100.

2. Astrand P, Ahlqvist J, Gunne J, Nilson H. Implant treatment of 
patients with edentulous jaws: a 20-year follow-up. Clin Implant 
Dent Relat Res 2008;10:207-17.

3. Lekholm U, Grondahl K, Jemt T. Outcome of oral implant treat-
ment in partially edentulous jaws followed 20 years in clinical 
function. Clin Implant Dent Relat Res 2006;8:178-86.

4. Astrand P, Engquist B, Dahlgren S, Grondahl K, Engquist E, Feld-
mann H. Astra Tech and Brånemark system implants: a 5-year 
prospective study of marginal bone reactions. Clin Oral Implants 
Res 2004;15:413-20.

5. Becker W, Becker BE. Replacement of maxillary and mandibular 
molars with single endosseous implant restorations: a retrospec-
tive study. J Prosthet Dent 1995;74:51-5.

6. Brånemark PI, Zarb GA, Albrektsson T. Tissue-Integrated prosthe-
ses: osseointegration in clinical dentistry. Chicago, IL: Quintes-
sence Publishing Co.; 1985.

7. Finger IM, Castellon P, Block M, Elian N. The evolution of external 
and internal implant/abutment connections. Pract Proced Aesthet 
Dent 2003;15:625-32.

8. Misch K, Wang HL. Implant surgery complications: etiology and 
treatment. Implant Dent 2008;17:159-68.

9. Sutter F, Weber HP, Sorensen J, Belser UC. The new restorative 
concept of the ITI dental implant system: design and engineer-
ing. Int J Periodontics Restorative Dent 1993;13:409-31.

10. Maeda Y, Satoh T, Sogo M. In vitro differences of stress concen-
trations for internal and external hex implant-abutment connec-
tions: a short communication. J Oral Rehabil 2006;33:75-8.

11. Cha HS, Kim YS, Jeon JH, Lee JH. Cumulative survival rate and 
complication rates of single-tooth implant; focused on the coro-
nal fracture of fixture in the internal connection implant. J Oral 
Rehabil 2013;40:595-602.

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

13. Dailey B, Jordan L, Blind O, Tavernier B. Axial displacement of abut-
ments into implants and implant replicas, with the tapered cone-
screw internal connection, as a function of tightening torque. Int J 
Oral Maxillofac Implants 2009;24:251-6.

14. Kim KS, Lim YJ, Kim MJ, Kwon HB, Yang JH, Lee JB, et al. Variation 
in the total lengths of abutment/implant assemblies generated 
with a function of applied tightening torque in external and in-
ternal implant-abutment connection. Clin Oral Implants Res 2011; 
22:834-9.

15. Lee JH, Kim DG, Park CJ, Cho LR. Axial displacements in external 
and internal implant-abutment connection. Clin Oral Implants 
Res 2014;25:e83-9.

16. Gracis S, Michalakis K, Vigolo P, Vult von Steyern P, Zwahlen M, 



Sung-Wook Chae et al.

dx.doi.org/10.5051/jpis.2015.45.1.23

www.jpis.org 29

Sailer I. Internal vs. external connections for abutments/recon-
structions: a systematic review. Clin Oral Implants Res 2012;23 
Suppl 6:202-16.

17. Papaspyridakos P, Chen CJ, Chuang SK, Weber HP, Gallucci GO. A 
systematic review of biologic and technical complications with 
fixed implant rehabilitations for edentulous patients. Int J Oral 
Maxillofac Implants 2012;27:102-10.

18. Buser D, von Arx T, ten Bruggenkate C, Weingart D. Basic surgical 
principles with ITI implants. Clin Oral Implants Res 2000;11 Suppl 
1:59-68.

19. van Steenberghe D, De Mars G, Quirynen M, Jacobs R, Naert I. A 
prospective split-mouth comparative study of two screw-shaped 
self-tapping pure titanium implant systems. Clin Oral Implants 
Res 2000;11:202-9.

20. Jung RE, Zembic A, Pjetursson BE, Zwahlen M, Thoma DS. System-
atic review of the survival rate and the incidence of biological, 
technical, and aesthetic complications of single crowns on im-
plants reported in longitudinal studies with a mean follow-up of 
5 years. Clin Oral Implants Res 2012;23 Suppl 6:2-21.

21. Romeo E, Storelli S. Systematic review of the survival rate and the 
biological, technical, and aesthetic complications of fixed dental 
prostheses with cantilevers on implants reported in longitudinal 

studies with a mean of 5 years follow-up. Clin Oral Implants Res 
2012;23 Suppl 6:39-49.

22. Koo KT, Lee EJ, Kim JY, Seol YJ, Han JS, Kim TI, et al. The effect of 
internal versus external abutment connection modes on crestal 
bone changes around dental implants: a radiographic analysis. J 
Periodontol 2012;83:1104-9.

23. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A system-
atic review of the survival and complication rates of implant-sup-
ported fixed dental prostheses (FDPs) after a mean observation 
period of at least 5 years. Clin Oral Implants Res 2012;23 Suppl 6: 
22-38.

24. Lazzara RJ, Porter SS. Platform switching: a new concept in im-
plant dentistry for controlling postrestorative crestal bone levels. 
Int J Periodontics Restorative Dent 2006;26:9-17.

25. Astrand P, Engquist B, Dahlgren S, Engquist E, Feldmann H, Gron-
dahl K. Astra Tech and Brånemark System implants: a prospective 
5-year comparative study. Results after one year. Clin Implant 
Dent Relat Res 1999;1:17-26.

26. Squier RS, Psoter WJ, Taylor TD. Removal torques of conical, tapered 
implant abutments: the effects of anodization and reduction of 
surface area. Int J Oral Maxillofac Implants 2002;17:24-7.


