Long-Term Results after Subcrestal or Crestal
Placement of Delayed Loaded Implants

Georgios E. Romanos, DDS, PhD, Prof.Dr med. dent;* Erhan Aydin, DMD, PhD;'
Kathrin Gaertner, DMD, PhD;* Georg-Hubertus Nentwig, DMD, PhD, Prof.Dr med. dent®

ABSTRACT

Purpose: Prevention of peri-implant bone loss is essential for achieving long-term implant success, but few studies have
evaluated the impact of placement depth on long-term bone loss. The aim of this retrospective study was to evaluate
outcomes for platform-shifted implants placed at different depths relative to the bone crest.

Materials and Methods: The mesial and distal shoulders of 228 delayed-loaded Ankylos® (Dentsply Implants Manufactur-
ing GmbH, Mannheim, Germany) implants placed in 85 patients were divided retrospectively into two groups based on the
implant shoulder position on the day of placement surgery as follows: subcrestal group A (n = 197; 0.5 mm or more below
the crestal bone level) or crestal group B (n = 65; within 0.5 mm or less of the crestal bone level). The remaining sites
(n = 194; more than 0.5 mm above the crestal bone level) were supracrestal and were excluded from this analysis. Mesial and
distal bone loss was evaluated under 5x magnification and analyzed, along with Periotest values.

Results: Mean Periotest values were —1.77 (£3.57) for Group A and —1.77 (£3.26) for Group B. For Group A, mean mesial
(m) bone loss was 1.84 (£1.49 mm) and mean distal (d) bone loss was 1.73 (£1.31 mm). For Group B, the bone loss values
were m: 1.41 (£1.65 mm) and d: 1.34 (£1.60 mm). No statistically significant differences were found for the Periotest values
(p=.521) or bone level values for the two groups (m: p=.130; d: p =.153).

Conclusion: Within the limitations of this study, subcrestal or crestal implant placement in combination with delayed
loading was associated with similar initial implant stability and subsequent crestal bone loss.
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INTRODUCTION

Limiting the extent of peri-implant bone loss has been
recognized for decades to be an important aspect of

long-term implant success,"”

and stable peri-implant
bone conditions play an important role in maintain-

ing esthetics. However, the etiology of peri-implant
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bone loss is still being discussed and evaluated.!
Among factors affecting marginal bone stability are
the periodontal biotype,”® bone density, formation
of the biologic width,” interimplant distance,® surgical

! implant micro- and macrodesign,'* location

trauma,
of the implant-abutment interface,® peri-implantitis,"’
occlusal trauma, and stress concentration at the crestal
bone level."

To date, the opinion expressed widely in the
scientific literature has been that subcrestal implant
placement leads to increased crestal bone resorption.
However, clinical studies addressing the implant-
placement depth in relation to crestal bone have been
rare. Data on subcrestal versus crestal placement
have mostly come from animal studies.””""” Even fewer
data are available regarding the effects of crestal versus
subcrestal positioning of platform-switched implants.

The purpose of the present study was to clinically
and radiologically evaluate retrospectively crestal bone
loss around delayed-loaded platform-switched implants
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placed in one of two different positions (crestal and
subcrestal) relative to the bone crests.

MATERIALS AND METHODS

Patients at the Department of Oral Surgery and Implant
Dentistry, Dental School Frankfurt, Germany, who had
required implant therapy for prosthetic rehabilitation
with a fixed or removable prosthesis, were identified. All
patients had to have had implants placed by the same
oral surgeon (GER) between 1993 and 2004 and restored
by dentists trained with the ANKYLOS® Implant System
(Dentsply Implants Manufacturing GmbH, Mann-
heim, Germany). The body of this implant is slightly
tapered, with a sandblasted, acid-etched surface, a 2 mm
machined collar, and a progressive thread design.

Inclusion criteria were subcrestal implant place-
ment (with the mesial and/or distal shoulder at least
0.5 mm below the crestal bone level) or crestal place-
ment (with the mesial and/or distal shoulder placed
within 0.5 mm or less of the crestal bone level) and use
of a delayed loading protocol (i.e., functional loading
accomplished after a submerged healing period). Exclu-
sion criteria were supracrestal implant positioning (i.e.,
placement of the implant shoulder more than 0.5 mm
above the crestal bone level), presence of acute infection
at any time throughout the observation period, un-
controlled diabetes, and/or alcohol or drug abuse. All
study patients were classified according to whether their
implant shoulders were placed subcrestally (group A) or
crestally (group B).

SURGICAL PROTOCOL

After preoperative clinical and radiologic evalua-

tion, diagnosis, and treatment planning, all implant-

W Y

placement surgeries were carried out under local anes-
thesia with articaine 4% (40 mg/mL, 1:200,000). The
implant sites were following the drilling protocol recom-
mended by the manufacturer. All implants (3.5 mm,
4.5 mm, and 5.5 mm diameter) were placed in a sub-
merged mode, and suture removal was carried out after
7 to 10 days.

After a 3- to 6-month healing period, a minimally
invasive flap was elevated to uncover the implants.
Prefabricated healing abutments were inserted, and
abutment-level impressions were taken using prefabri-
cated impression caps. Final restorations were delivered
and cemented with temporary cement (Temp Bond®,
Kerr Corporation, Orange, CA, USA).

The standardized follow-up protocol included
these measures. Immediately after implant placement,
implant stability was evaluated using the Periotest
S® (Gulden Medizintechnik Gulden e.k., Modautal,
Germany). Periapical radiographs were taken with a
Heliodent DS® (Sirona, Bensheim, Germany) using a
Rinn-XCP radiographic film holder (Dentsply Rinn,
Elgin, IL, USA) or panoramic radiographs (Ortho-
phos®, Sirona, Bensheim, Germany). The radiographs
were digitized with a scanner, retrospectively. Thereafter,
clinical and radiographic evaluation was performed
annually (Figures 1 and 2).

Implant success criteria were the absence of mobil-
ity or peri-implant radiolucency, with no signs of infec-
tion or pain.

Radiographic Examination

For the retrospective study, the status of the crestal bone
was assessed using the Sidexis neXt Generation® soft-
ware (Sirona). Using 5x magnification, the distance

Figure 1 A, Radiographic evaluation after subcrestal placement of 2 implants (baseline). B, Radiographic evaluation after subcrestal
placement of two implants (13 years follow-up) demonstrating no bone loss.



Corono-Apical Implant Position 3

Figure 2 A, Radiographic evaluation after subcrestal placement of two implants in the maxilla and mandible (baseline).
B, Radiographic evaluation after subcrestal placement of two implants (12 years follow-up) demonstrating crestal bone stability.

from the mesial and distal shoulder of each implant to
the crestal bone was measured and recorded (in mm)
after calibration of the resolution of the radiographs
between the different examination intervals. Using this
software, we were able to have an accurate assessment of
the crest of bone and to analyze the bone changes over
period of time. Bone loss was defined as a positive value
and bone gain as a negative one. Mean values, standard
deviations, and maximum and minimum values were
calculated.

Statistical Analysis

Statistical analysis was accomplished using SPSS® (Sta-
tistical Package for Social Sciences Version 20.0, SPSS
Inc., Chicago, IL, USA). The Kaplan—-Meier method was
used to compute success and survival rates.'®

RESULTS

Eighty-five patients (41 men and 44 women) were
included in the retrospective study. Their mean age was
50.51 (£13.32) years; the range was 16 to 80 years. In
this retrospective clinical study, results for 228 delayed
loaded implants were evaluated.

The mesial and distal shoulders of the 228 implants
were categorized as follows: subcrestal group A (1 =197)
and crestal group B (n=65). The remaining sites
(n = 194; implant shoulder more than 0.5 mm above the
bone level) were supracrestal (and were excluded from
this analysis).

The healing period before second-stage surgery for
the implants placed completely subcrestally (both mesial
and distal shoulders) was 4.21 (£2.38) months for the

subcrestal group (A). It was 4.20 (£2.07) months for the
crestal group (mesial and distal) (B). The mean obser-
vation period was 105.61 (+49.74) months for group A
(subcrestal) and 94.10 (£52.42) months for group B
(crestal). The mean loading period was 101.39 (£49.77)
months for group A (subcrestal) and 89.90 (+52.37)
months for group B (crestal); the mean observation
period for all implants was 91.83 (+52.85) months.
Of the 228 total implants, five implants (2.19%) were
lost, resulting to a cumulative survival rate of 97.8%
(Figure 3) and a cumulative success rate of 94.7%.
Descriptive data about the five failed implants
are presented in Table 1. Failures were due to a lack of
osseointegration (n=1) and peri-implantitis (n=4).
The periods for implant failures were 4 months
(1 implant), 6 months (2 implants), 79 months
(1 implant), and 162 months (1 implant). Thus, one
failure occurred during the healing phase, while the
other four failures occurred during the loading period.
Three of the failed implants (60%) were in the post-
erior maxilla, while two failures (40%) occurred in the

TABLE 1 Characteristics of the Failed Implants

according to Their Location and Placement Level

Placement Level

Implant Location (Mesial/Distal in mm)
1: 3.5/11 mm #4: -1.76 m/ 1.61d

2: 4.5/9.5 mm #4: 048 m/—0.13d
3: 4.5/9.5 mm #13: -1.33m/—-0.80d
4: 4.5/9.5 mm #26: —0.18 m / —0.90 d
5: 4.5/8 mm #30: —-1.00m /-1.30d
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Figure 3 Kaplan—Meier analysis representing the high survival rates in subcrestal and crestal implant placements.

mandible. Two of the implant failures occurred in one
patient who had diabetes, one failure occurred in a
patient who was osteoporotic and a smoker, and two
failures were associated with unremarkable medical
histories.

Radiographically, a mean bone loss of 1.84
(£1.49 mm) mesial and 1.73 (£1.31 mm) distal was
found for group A. For group B, the mean bone loss
was 1.41 (£1.65 mm) mesial and 1.34 (£1.60 mm) distal.
Statistical comparison showed no significant difference
between the bone level values (p > .05) (Figures 4A—C).
The difference between the average Periotest values
for the subcrestal group (1.93%3.58) and crestal
group (—1.79 £ 3.25) was also not statistically significant
(p>.05) (Figure 5). The changes (loss vs gain) of the
bone levels (in mm) for subcrestal and crestal placed
implants in conjunction with the loading period (in
months) were presented in Table 2.

DISCUSSION

Maintenance of peri-implant bone levels is an impor-
tant factor in the long-term prognosis and success of
implants. In most studies, marginal bone level changes
have been documented to occur in the first year after
prosthetic loading; afterwards, the levels stabilize and
eventually reach a steady state.”'” More than 20 years
ago, peri-implant bone loss of no more than 1 to 1.5 mm
in the first year after functional loading and <0.2 mm
per year in following years was established as compatible
with long-term implant success."**

Factors associated with marginal bone loss include
surgically induced trauma,”"* the formation of the

biologic width,” and frequent removal and reconnection
of prosthetic components.” In a randomized clinical
trial, Canullo and colleagues* evaluated the influence
on marginal bone loss of using immediately definitive
abutments (the one abutment—one time concept) versus
provisional abutments that are disconnected, recon-
nected, and later replaced by definitive abutments. The
authors concluded that the one abutment—one time
concept might be a potential additional strategy to
further decrease peri-implant crestal bone resorption.
Cochran and colleagues® reported that most marginal
bone-level changes take place between implant place-
ment and final restoration and result from prosthetic
manipulations and apical migration of the biologic
width. Avoidance of abutment removal in order to
maintain marginal bone stability has been documented
for many years using various treatment protocols.”
The concept of platform switching, that is, con-
necting wider-diameter dental implants to standard-
diameter restorative components, was described by
Lazzara and Porter” as a means of preserving marginal
bone. Platform switching alters the relationship between
the implant-abutment interface (the microgap) and
the bone crest. It shifts the inflammatory cell infiltrate
around the microgap inward, increasing the distance
between it and the alveolar crest and thus lessening its
bone-resorptive effects.'>**" The tapered connection
eliminates micromovements between the implant

abutment.>=?

and Peri-implant bone preservation
may become more obvious as the difference in dia-
meter between the implant and suprastructure gets

bigger.*'***7 The effect of bone preservation as a result
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Figure 4 A, Bone levels at the mesial sites for crestal versus subcrestal placement. B, Bone levels at the distal sites for crestal versus
subcrestal placement. C, Bone levels (with bone loss represented as a positive value) at distal (green) and mesial (blue) sites on crestal
versus subcrestal placement.

of platform switching has been shown in various case Combining these design elements with subcrestal

reports,”** case-controlled studies,****
43-46

and random-  implant positioning has been suggested as a way to
ized controlled clinical trials. maintain and reposition peri-implant soft”*” and hard
The design of the implant system used in the tissue."” However, few studies previously have analyzed
present study incorporates platform shifting as wellasa  the influence on peri-implant hard and soft tissue of the
tapered connection that prevents micromovements and ~ implant position corono-apically. Most of the relevant
discourages out-migration of bacteria from the implant-  literature has consisted of animal studies.”'>'**
abutment junction. This has been shown to have a posi- In the present study, the values found for marginal
tive effect on peri-implant bone preservation.'” This  bone loss around implants placed both crestally and
may be a characteristic finding associated with the  subcrestally were comparable and similar with those
special shoulder design of the Ankylos dental implant  reported previously in the literature. It seems evident,
system and it cannot be possibly generalized with other ~ however, that implant placement at the bone level may
implant systems. be associated with a higher risk of implant exposure
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TABLE 2 Alterations (Loss vs Gain) of the Bone Levels (in mm) for Subcrestal and Crestal Placed Implants in

Conjunction with the Loading Period (in Months)
Loading (Months)

Bone Loss (+) and

Bone Gain (=) (mm) Mean SD Median Maximum Minimum n
Group A (subcrestal)
VKn (mesial)
(=) 1 98.90 — — — — 1
(=) 0-1 112.28 47.98 121.75 158.83 5.10 8
(+) 0-1 92.01 48.22 98.90 163.47 1.87 45
(+) 1 93.63 50.16 98.90 163.47 3.77 45
(+) 2 122.07 42.21 135.87 188.07 4.50 40
(+) 3 80.75 60.29 100.40 100.40 2.17 19
(+) 4 36.51 20.51 33.93 69.87 4.63 10
(+) 5 76.33 — — 76.33 76.33
(+) 6 91.27 4.61 91.40 96.37 85.90 4
VKn (distal)
(=) 0-1 108.76 53.15 131.37 159.37 5.10 13
(+) 0-1 90.34 45.89 98.90 158.87 1.87 39
(+) 1 96.73 50.31 111.10 163.47 3.77 49
(+) 2 119.41 47.10 138.25 188.07 4.50 26
(+) 3 123.76 34.06 129.50 188.07 66.30 19
(+) 4 86.44 0.24 88.37 144.83 2.17 6
(+) 5 129.50 — — 129.50 129.50
Group B (crestal)
VKn (mesial)
(=) 0-1 77.52 49.64 92.65 131.37 6.50 6
(+) 0-1 102.65 42.95 102.50 163.07 4.50 12
(+) 1 87.88 55.45 100.67 157.13 3.77 14
(+) 2 64.37 52.02 66.30 135.87 0.20 5
(+) 3 93.80 47.80 97.80 147.17 32.43
(+) 4 4.82 — — 4.82 4.82
VKn (distal)
(=) 1 6.50 — — 6.50 6.50 1
(=) 0-1 98.63 51.02 106.10 154.17 6.50 6
(+) 0-1 97.97 41.71 102.43 163.07 4.50 11
(+) 1 91.52 62.85 120.58 157.13 3.77 10
(+) 2 75.19 51.62 87.57 135.87 0.20
) 3 — — — — —
(+) 4 32.43 — — 32.43 32.43

Vkn, vertical bone change.

because, according to Albrektsson and colleagues,” 0.1
to 0.2 mm per year of crestal bone loss after loading
can be considered as normal and successful. Placing the
implant subcrestally minimizes that risk, and subcrestal
placement of platform-switched implants enables bone
stability or growth over the implant shoulder. Platform

switching also makes it possible to connect prosthetic
components to subcrestally placed implants without
completely removing the bone covering the margin of
the implant platform. Subcrestal implant placement also
can avoid the necessity of augmentation procedures in
certain cases, as the apical part of the alveolar ridge is
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Figure 5 Periotest values for implants with crestal versus
subcrestal placement.

commonly wider than the coronal part of the alveolar
ridge.

Five implants were lost throughout the observa-
tion period due to insufficient integration, and peri-
implantitis, a failure rate consistent with implant
success, as established in the literature.* The reason
for implant loss can be insufficient quality or quantity
of peri-implant hard and soft tissue, medical status of
patient, unfavorable habits, inadequate surgical and
prosthetic treatment, implant design, implant localiza-
tion and position, and last but not least, insufficient
plaque control leading to peri-implantitis and implant

failure 214!

CONCLUSIONS

This retrospective study of platform-switched implants
placed using a submerged (delayed loading) protocol
investigated whether the implants’ corono-apical posi-
tion (with placement either at the crest or below it)
affected long-term crestal bone loss.

Within the study limitations (using platform-
shifted implants and not removing the prosthetic
components), bone loss patterns within both groups
appeared to be minimal. Further long-term studies are
necessary to verify and detail the presented results.

CONFLICT OF INTEREST

The authors declare no conflicts of interest with respect
to the authorship and/or publication of this article.

Corono-Apical Implant Position 7

ACKNOWLEDGMENT

The authors are particularly grateful to Mrs. Nina
Krymchanska (University of Frankfurt, Dental School)
for her friendly support regarding statistical questions.
This study was self-supported.

REFERENCES

1. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981; 10:387—416.

2. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The
long-term efficacy of currently used dental implants: a
review and proposed criteria for success. Int ] Oral Maxillo-
fac Implants 1986; 1:11-25.

3. Laurell L, Lundgren D. Marginal bone level changes at dental
implants after 5 years in function: a meta-analysis. Clin
Implant Dent Relat Res 2011; 13:19-28. doi: 10.1111/j.1708-
8208.2009.00182.x.

4. Canullo L, Tannello G, Penarocha M, Garcia B. Impact of
implant diameter on bone level changes around platform
switched implants: preliminary results of 18 months
follow-up a prospective randomized match-paired con-
trolled trial. Clin Oral Implants Res 2012; 23:1142—1146. doi:
10.1111/j.1600-0501.2011.02297 x.

5. Linkevicius T, Apse P, Grybauskas S, Puisys A. The influence
of soft tissue thickness on crestal bone changes around
implants: a 1-year prospective controlled clinical trial. Int J
Oral Maxillofac Implants 2009; 24:712-719.

6. Linkevicius T, Apse P, Grybauskas S, Puisys A. Influence
of thin mucosal tissues on crestal bone stability around
implants with platform switching: a 1-year pilot study. J Oral
Maxillofac Surg 2010; 68:2272-2277.

7. Hermann JS, Buser D, Schenk RK, Schoolfield JD,
Cochran DL. Biologic width around one- and two-piece
titanium implants. Clin Oral Implants Res 2001; 12:559-571.

8. Rodriguez-Ciurana X, Vela-Nebot X, Segala-Torres M, et al.
The effect of inter-implant distance on the height of the
inter-implant bone crest when using platform-switched
implants. Int J Periodontics Restorative Dent 2009; 29:
141-151.

9. Bienek KW, Spiekermann H. Zahnirztliche Implantologie —
eine statistische Standortbestimmung. Dtsch Zahnirztl Z
1991; 46:642—645. (German).

10. Baumann G, Mills M, Rapley JW, Hallmon WH. Klinische
Parameter fiir die Bewertung von Implantaten wihrend der
Nachsorge. Quintessenz 1992; 43:1711-1724. (German).

11. Blanco ], Nunez V, Aracil L, Munoz F, Ramos I. Ridge
alterations following immediate implant placement in the
dog: flap versus flapless surgery. J Clin Periodontol 2008; 35:
640-648.

12. Heinemann F, Hasan I, Schwahn C, Biffar R, Mundt T.
Crestal bone resorption around platform-switched dental



8

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Clinical Implant Dentistry and Related Research, Volume *, Number *, 2013

implants with fine threaded neck after immediate and
delayed loading. Biomed Tech (Berl) 2010; 55:317-321.
Fransson C, Tomasi C, Pikner SS, et al. Severity and pattern
of peri-implantitis-associated bone loss. J Clin Periodontol
2010; 37:442—448.

Oh TJ, Yoon J, Misch CE, Wang HL. The causes of early
implant bone loss: myth or science? J Periodontol 2002;
73:322-333.

Cochran DL, Bosshardt DD, Grize L, et al. Bone response
to loaded implants with non-matching implant-abutment
diameters in the canine mandible. ] Periodontol 2009a;
80:609-617.

Hermann JS, Buser D, Schenk RK, Cochran DL. Crestal bone
changes around titanium implants. A histometric evaluation
of unloaded non-submerged and submerged implants in the
canine mandible. ] Periodontol 2000; 71:1412—1424.

Degidi M, Iezzi G, Scarano A, Piattelli A. Immediately loaded
titanijum implant with a tissue-stabilizing/maintaining
design (“beyond platform switch”) retrieved from man after
4 weeks: a histological and histomorphometrical evaluation.
A case report. Clin Oral Implants Res 2008; 19:276-282.
Cox DR, Oakes D. Analysis of survival data. London:
Chapman and Hall, 1984.

Annibali Cristalli MP, Graziani F,
La Monaca G, Polimeni A. Peri-implant marginal bone level:

S, Bignozzi 1,

a systematic review and meta-analysis of studies comparing
platform switching versus conventionally restored implants.
J Clin Periodontol 2012; 39:1097-1113. doi: 10.1111/j.1600-
051X.2012.01930.x.

Smith DE, Zarb GA. Criteria for success of osseointegrated
endosseous implants. ] Prosthet Dent 1989; 62:567-572.
Kourtis SG, Sotiriadou S, Voliotis S, Challas A. Private prac-
tice results of dental implants. Part I: survival and evaluation
of risk factors; Part II: surgical and prosthetic complications.
Implant Dent 2004; 13:373-385.

Allen EP, Brodine AH, Cronin R] Jr, Donovan TE, Rouse JS,
Summitt JB. Annual review of selected dental literature:
report of the Committee on Scientific Investigation of the
American Academy of Restorative Dentistry. ] Prosthet Dent
2005; 94:146-176.

Abrahamsson I, Berglundh T, Lindhe J. The mucosal barrier
following abutment dis/reconnection. An experimental
study in dogs. J Clin Periodontol 1997; 24:568-572.
Canullo L, Bignozzi I, Cocchetto R, Cristalli MP, Iannello G.
Immediate positioning of a definitive abutment versus
repeated abutment replacements in post-extractive im-
plants: 3-year follow-up of a randomized multicenter clini-
cal trial. Eur J Oral Implantol 2010a; 3:285-296.

Cochran DL, Nummikoski PV, Schoolfield JD, Jones AA,
Oates TW. A prospective multicenter 5-year radiographic
evaluation of crestal bone levels over time in 596 dental
implants placed in 192 patients. J Periodontol 2009b;
80:725-733.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Romanos GH. Advanced immediate loading. Berlin: Quin-
tessence, 2012:1-179.

Lazzara RJ, Porter SS. Platform switching: a new concept in
implant dentistry for controlling post restorative crestal bone
levels. Int ] Periodontics Restorative Dent 2006; 26:9-17.
Mombelli A, van OQosten MA, Schurch E, Land NP. The
microbiota associated with successful or failing osseointe-
grated titanium implants. Oral Microbiol Immunol 1987;
2:145-151.

Ericsson I, Persson LG, Berglundh T, Marinello CP, Lindhe J,
Klinge B. Different types of inflammatory reactions in peri-
implant soft tissues. ] Clin Periodontol 1995; 22:255-261.
Abrahamsson I, Berglundh T, Glantz PO, Lindhe J. The
mucosal attachment at different abutments. An experimen-
tal study in dogs. J Clin Periodontol 1998; 25:721-727.
Maeda Y, Miura J, Taki I, Sogo M. Biomechanical analysis on
platform switching: is there any biomechanical rationale?
Clin Oral Implants Res 2007; 18:581-584.

Zipprich H. Erfassung Ursachen und Folgen von Mikrobe-
wegungen am Implantat Abutment-Interface. Implantologie
2007; 15:31-46. (German).

Chang CL, Chen CS, Hsu ML. Biomechanical effect of plat-
form switching in implant dentistry: a three-dimensional
finite element analysis. Int J Oral Maxillofac Implants 2010;
25:295-304.

Vela-Nebot X, Rodriguez-Ciurana X, Rodado-Alonso C,
Segala-Torres M. Benefits of an implant platform modifica-
tion technique to reduce crestal bone resorption. Implant
Dent 2006; 15:313-320.

Vigolo P, Givani A. Platform-switched restorations on wide-
diameter implants: a 5-year clinical prospective study. Int J
Oral Maxillofac Implants 2009; 24:103-109.

Cocchetto R, Traini T, Caddeo F, Celletti R. Evaluation
of hard tissue response around wider platform-switched
implants. Int ] Periodontics Restorative Dent 2010; 30:163—
171.

Enkling N, Johren P, Klimberg V, Bayer S, Mericske-Stern R,
Jepsen S. Effect of platform switching on peri-implant bone
levels: a randomized clinical trial. Clin Oral Implants Res
20115 22:1185-1192.

Canullo L, Rasperini G. Preservation of peri-implant
soft and hard tissues using platform switching of implants
placed in immediate extraction sockets: a proof-of-concept
study with 12- to 36-month follow-up. Int J Oral Maxillofac
Implants 2007; 22:995-1000.

Romanos GE, Nentwig GH. Immediate functional loading
in the maxilla using implants with platform switching:
five-year results. Int J Oral Maxillofac Implants 2009; 24:
1106-1112.

Hiirzeler M, Fickl S, Zuhr O, Wachtel HC. Peri-implant bone
level around implants with platform-switched abutments:
preliminary data from a prospective study. J] Oral Maxillofac
Surg 2007; 65 (7 Suppl 1):33-39.



41.

42.

43.

44,

45.

46.

Cappiello M, Luongo R, Di Iorio D, Bugea C, Cocchetto R,
Celletti R. Evaluation of peri-implant bone loss around
platform-switched implants. Int J Periodontics Restorative
Dent 2008; 28:347-355.

Fickl S, Zuhr O, Stein JM, Hiirzeler MB. Peri-implant bone
level around implants with platform-switched abutments.
Int J Oral Maxillofac Implants 2010; 25:577-581.

Canullo L, Fedele GR, Iannello G, Jepsen S. Platform switch-
ing and marginal bone-level alterations: the results of a
randomized-controlled trial. Clin Oral Implants Res 2010;
21:115-121.

Canullo L, Iurlaro G, Iannello G. Double-blind randomized
controlled trial study on post-extraction immediately
restored implants using the switching platform concept: soft
tissue response. Preliminary report. Clin Oral Implants Res
2009; 20:414—420.

Prosper L, Redaelli S, Pasi M, Zarone F, Radaelli G,
Gherlone EF. A randomized prospective multicenter trial
evaluating the platform-switching technique for the pre-
vention of post restorative crestal bone loss. Int ] Oral
Maxillofac Implants 2009; 24:299-308.

Trammel K, Trammell K, Geurs NC, etal. A prospective,
randomized, controlled comparison of platform-switched

47.

48.

49.

50.

51.

Corono-Apical Implant Position 9

and matched-abutment implants in short-span partial
denture situations. Int ] Periodontics Restorative Dent 2009;
29:599-605.

Weng D, Nagata MJH, Bell M, Bosco AF, de Melo LGN,
Richter EJ. Influence of microgap location and configuration
on the peri-implant bone morphology in submerged im-
plants. An experimental study in dogs. Clin Oral Implants Res
2008; 19:1141-1147. doi: 10.1111/j.1600 0501.2008.01564.x.
Aglietta M, Siciliano VI, Zwahlen M, etal. A systematic
review of the survival and complication rates of implant
supported fixed dental prostheses with cantilever extensions
after an observation period of at least 5 years. Clin Oral
Implants Res 2009; 20:441-451.

El Askary AS, Meffert RM, Griffin T. Why do dental implants
fail? Part II. Implant Dent 1999; 8:265-277.

Rosenberg ES, Cho SC, Elian N, Jalbout ZN, Froum S,
Evian CI. A comparison of characteristics of implant failure
and survival in periodontally compromised and periodon-
tally healthy patients: a clinical report. Int J Oral Maxillofac
Implants 2004; 19:873-879.

Tolstunov L. Dental implant success-failure analysis: a
concept of implant vulnerability. Implant Dent 2006; 15:
341-346.



