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Abstract

regions.
can be a rational procedure.

6 years, respectively.

Platform-switched implant

A single-tooth implant restoration is generally performed for maxillary single-first-molar replacement. If the interdental
space between the second premolar and the second molar is large enough, a double-implant placement can be
performed to avoid creating mesiodistal cantilever and to distribute occlusal loading forces.

If there is not adequate space for a double-implant placement to be performed mesiodistally along the crest of the
alveolar ridge line, they should be placed along a diagonal line offset lingually to increase the space. This procedure
has two primary advantages. First, greater stability is provided by a double-implant placement. Resistance to lateral
forces (palatal-buccal) is much stronger than two implants placed along the alveolar crest ridge line. Residual palatal
and buccal bone can provide support against occlusal forces, provided that there is adequate residual bone in these

If anatomical conditions are favorable, the placement of two diagonal implants in the palatal and buccal residual bones

We report on two typical patients. The progress of these patients was followed using computed tomography for 7 and
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Background

We report on two patients who were missing a maxillary
first molar. In general clinical practice, only a single-tooth
implant seems to be used as a prosthesis in patients with a
missing maxillary molar tooth [1]. In addition, if there is
insufficient residual bone between the bottom of the sinus
and the crest of the alveolar ridge, GBR (guided bone re-
generation) technique [2] or sinus elevation [3] surgery is
required. Even though these procedures can promote
osteogenesis, whether the quality of newly formed bone is
similar to that of the existing residual bone remains
unclear [4-8]. If there is enough residual D2 or D3 bone
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(Misch Bone Density Classification) [9] for implant place-
ment, the use of such bone is recommended whenever
possible. If we accept the above, a double-implant place-
ment [10, 11] inserted in the buccal and palatal sides, not
the center of the alveolar ridge, may be a reasonable
option for maxillary-first-molar replacement because these
regions sometimes retain more bone volume than the
center of defects.

Case presentation

Patient 1

The patient was a 51-year-old man who was a non-
smoker. He was referred to my clinic in April 2004. The
#26 tooth had already been extracted because of severe
periodontitis. He returned to my clinic in March 2006 to
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receive implant treatment (Fig. 1). The medical history
was unremarkable. A hematological analysis was per-
formed to assess his overall medical status. The #26 tooth
was confirmed to be missing, and there was severe bone
resorption around the buccal roots of #27, associated with
an apical lesion (Fig. 2).

In May of the same year, double implants (Ankylos
implants [12]; diameter, 3.5 mm; length, 9.5 mm;
DENTSPLY, made in Germany) were placed diagonally
in the defect with sinus elevation (crestal approach)
(Fig. 3). In addition, Emdogain (enamel matrix protein)
[13-15] was applied to the root surface of #27. Then,
endodontic treatment of #27 was performed (Fig. 4d).
Six months after implant surgery, the screw-retained
superstructure was seated (Fig. 4).

Patient 2

Similar to the first patient, our second patient was a
nonsmoking man, 43 years of age. He was referred to
my clinic by another dentist in January 2008 and was
first examined at that time. He complained of pain due
to serious periodontitis in #26. The medical history was
unremarkable. He was examined in a similar manner as
patient 1.

In the same month, #26 was extracted. After extraction,
bone resorption including the buccal cortical plate oc-
curred more severely than in most patients (Figs. 5 and 6).
Two months after extraction, only GBR was performed to
repair the bone defect. Double implants (Ankylos im-
plants; diameter, 3.5 mm; length, 9.5 and 11 mm) were
placed diagonally in the missing region 3 months after
GBR (Fig. 7). In November of the same year, a screw-
retained superstructure was seated (Fig. 8).

Treatment results

The patients’ clinical progress has been good as of 7 years
and 5 months in patient 1 (Figs. 9 and 10) and 6 years and
7 months in patient 2 (Fig. 11). Computed tomographic
(CT) scans showed that both patients’ implants were
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Fig. 1 Case 1. March 2006. A panoramic X-ray film obtained
before treatment
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Fig. 2 Case 1. May 2006. Preoperative panoramic slice of MDCT scan.
There was severe bone resorption in the region of #26 and lesions
around the root apexes of #27

inserted at appropriate positions, as planned before sur-
gery (Figs. 12 and 13).

Discussion

Insertion of a single implant for single molar replace-
ment is established practice. Levin et al. reported that a
single implant can serve as a good long-term and pre-
dictable treatment modality to replace a single molar
with low complication and failure rates [16].

However, weak points of single-first-molar replace-
ment were reported.

Mazor et al. reported that 33 patients received 66
narrow double implants of 3 mm replacing 33 missing
first molars. All implants survived the follow-up time of
10 to 18 months. Wide-diameter implants are a suitable
alternative for replacing a missing molar in some cases,
but there has been a greater incidence of screw loosen-
ing, resulting in a higher failure rate. However, the use
of a double-implant placement has been successfully
demonstrated to be a functional and more biomechan-
ically sound method of molar replacement. He con-
cluded that replacing a single missing molar with two
narrow dental implants might serve as a viable treat-
ment option providing good and predictable long-term
results [17].

Sullivan reported that when using standard-diameter
3.75-mm titanium screw implants in molar regions, up
to 14 % of single-tooth, molar implants could fracture,
so there remains an unacceptable risk of implant
fracture [18].

In addition, a double-implant placement has been
reported to be superior to a single stand implant. The
advantages and disadvantages of a single standard im-
plant, a wide-diameter implant, and double implants
for single-molar replacement have been debated with
biomechanics [10, 11, 19-21].
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Fig. 3 Case 1. May 2006. a Before implant surgery. b Double implants were placed diagonally in the missing area. ¢ Magnified panoramic X-ray
film obtained immediately after insertion of double implants

Fig. 4 Case 1. November 2006. Six months after implant insertion. a-c The superstructure was attached with a screw. d Magnified panoramic
X-ray film obtained immediately after superstructure placement
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Fig. 5 Case 2. March 2008. Panoramic X-ray film taken before #26 GBR
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Fig. 6 Case 2. March 2008. Two months after extraction of #26. a Periapical X-ray film of #26 before surgery. b, ¢ Oral view shows very severe

bone resorption, especially vertically
- J

Fig. 7 Case 2. June 2008. a, b 3 months after GBR without implant insertion, MDCT was performed to evaluate. ¢ Double implants were
placed diagonally

Fig. 8 Case 2. November 2008. Five months after implant insertion. a A fitted superstructure was made. b Before the placement of the superstructure.
The double implants were placed diagonally. ¢ The superstructure was attached with a screw as in case 1.d After placement of superstructure
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Fig. 9 Case 1. April 2013. Six years and 5 months after superstructure placement. a The buccal oral view of the superstructure. b An interdental
brush can easily clean the interimplant space. ¢ April 2014, 7 years and 5 months after superstructure placement

If there is 13 mm between the maxillary second pre-
molar and the second molar, a double-implant place-
ment can be performed in the crest of the alveolar ridge
line. When 3.5-mm diameter implants are used, there
should be a minimum space of 3 mm between implants
[22] and 1.5 mm between the implants and adjacent
teeth [23] (1.5+3.5+3+3.5+1.5=13 mm). However,
the average Japanese mesiodistal dimension of the maxil-
lary first molar is between 10 and 11 mm [24]. There-
fore, if a double-implant placement is used, it has to be
placed diagonally to create a larger inter-implant space
and accommodate international implant sizing [1].

As for the vertical bone dimension, if there is insuffi-
cient residual bone volume between the bottom of the
sinus and the crest of the alveolar ridge, GBR or sinus
elevation surgery is required for all implants. If there is
sufficient existing residual D2 or D3 bone near the
buccal and palatal cortical plates, the use of such bone is
recommended whenever possible. If double implants can
engage these cortical plates, greater support can be

obtained with diagonal double implants than with a sin-
gle stand implant.

In both patients, we used Ankylos implants, which
have a medialized step between the implant body and
abutment. Therefore, Ankylos is a platform-switched im-
plant. The benefits of this shape have been reported.
With platform-switched implants, the shape affects the
cortical bone more than the trabecular bone [25], which
contributes to the maintenance of inter-implant bone
height and soft tissue level [26] and reduces bone loss
[27]. The horizontal discrepancy between the outer edge
of the implant platform and the implant-abutment inter-
face influences post-restorative biologic processes [28].
This horizontal discrepancy may reduce bone resorption
around the implant neck because it horizontally offsets
the bone away from the microgap that exists between
the implant and abutment. This increased distance is
thought to attenuate the loss of crestal bone height [29].

Effects of the inter-implant distance between platform-
switched implants have been reported. Even when the

the double implant necks

Fig. 10 Case 1. Periapical X-ray film, April 2014. Seven years and 5 months after superstructure placement, showing no bone resorption around




Hotta et al. International Journal of Implant Dentistry (2015) 1:29

Page 6 of 8

placement of the superstructure

Fig. 11 Case 2. a April 2013. Four years and 5 months after placement of the superstructure. Occlusal view. b Periodontal probe can
easily pass through the interimplant space, allowing for easy cleaning and maintenance. ¢ June 2015, 6 years and 7 months after

inter-implant distance was less than 3 mm, crestal bone
resorption was prevented [30-34]. Previous studies thus
support the advantages of platform-switched implants as
compared with platform-matched implants when double
implants are placed adjacently.

In patient 1, the platform-switched double-implant
placement was performed very close to each other
(Fig. 3). If platform-matched implants had been used,
inter-implant bone loss might have occurred. Fortu-
nately, there was no evidence of bone resorption on the
periapical X-ray obtained 7 years and 5 months after
superstructure placement (Fig. 10). In addition, there
has been no problem with the emergence profile
because platform-switched implants provide a larger

volume of soft tissue around the connecting area be-
tween the implant and abutment.

In patient 2, severe bone resorption including the buccal
cortical plate occurred after #26 extraction and was
greater than we had anticipated. Therefore, only GBR was
performed without implant insertion to repair the severe
bone resorption (Fig. 6). CT was performed to evaluate
the GBR site after 3 months. Then, a double-implant
placement was performed diagonally with another session
of GBR to increase bone volume (Fig. 7).

The use of platform-switched implants has been asso-
ciated with coronal extension of the interimplant bone
peak beyond an imaginary line connecting the two
implant-abutment interfaces [22]. In patient 2, even

by an adequate amount of hard tissue that acted as bone

Fig. 12 Case 1. April 2013. Cone-beam CT obtained 6 years and 5 months after superstructure placement. The double implants were surrounded
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Fig. 13 Case 2. Cone-beam CT scan obtained in February 2013 (4 years and 3 months after superstructure placement), showing that the double
implants were surrounded by enough hard tissue to support the double implants

J

though the double-implant placement was performed
adjacently, new bone formation over the implant shoul-
der was fortunately confirmed on a periapical X-ray
(Fig. 14).

In diagonal double-implant placement, the mesial
implant should be placed more buccally and the distal
implant more palatally to improve esthetics [1]. In
addition, oral hygiene is a very important factor related
to inter-implant space. It might be easier for a patient
to use an interdental brush from the palatal side rather
than from the buccal side, especially in the maxillary
molar region.

On the other hand, Bhat and Handelsman reported
that there is a surgical risk due to the precision needed
in a double-implant placement, because the mesiodistal

space is often very limited. Therefore, any misplacement
of double implants will ruin the mesial or the distal site,
and misplacement also may damage the adjacent roots
or compromise the embrasure space, so that only one
implant can be placed [35]. This kind of careful atten-
tion should be paid when using a double-implant place-
ment in single molar missing.

Conclusions

We described two patients in whom diagonal platform-
switched double-implant placement was performed for
maxillary single-first-molar replacement. In such pa-
tients, diagonal double implants have some advantages
over wide-diameter implants. There was no bone re-
sorption around double implants’ necks. We therefore

- N

a June 2008. b November 2008. ¢ February 2012

Fig. 14 Case 2. Periapical X-ray films showing progression of intraimplant bone formation from implant date to 3 years and 8 months after procedure.
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consider this method as one option for maxillary
single-first-molar replacement.

Consent

Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YH performed both of surgical and prosthodontic treatments. YH also
drafted the manuscript. K, SK, and TS participated in the diagnosis, the
treatment plan, making of pictures, and collecting of references. All authors
read and approved the final manuscript.

Authors’ information

YH is the director of Aichi Implant Center accredited by the Japanese Society
of Oral Implantology (JSOI) and visiting professor of Asahi University, School
of Dentistry, Japan. All of authors are implant specialists accredited by JSOI.
YH, KI, and TS are fellow members of AAID (the American Academy of
Implant Dentistry). SK is an associate fellow member of AAID.

Received: 17 August 2015 Accepted: 9 November 2015
Published online: 12 November 2015

References

1.

Misch CE. Posterior single-tooth replacement: surgical guidelines. In:
Contemporary implant dentistry. Chapter 30. 3rd ed. St Louis: Mosby Year
Book; 2008. p. 668-83.

Hotta Y. Recovery of alveolar bone by the guided bone regeneration
technique. J Oral Implantol. 1996;22:138-46.

Hotta Y, Suzuki H. Clinical comparison between subperiosteal implant and
sinus elevation in maxillary molar regions with minimal bone. J Jpn Soc
Oral Implant. 1995,8:69-82.

Meijndert L, Raghoebar GM, Schupbach P, Meijer HJ, Vissink A. Bone quality
at the implant site after reconstruction of a local defect of the maxillary
anterior ridge with chin bone or deproteinised cancellous bovine bone. Int
J Oral Maxillofac Surg. 2005,34:877-84.

Ersanli S, Olgac V, Leblebicioglu B. Histologic analysis of alveolar bone
following guided bone regeneration. J Periodontol. 2004;75:750-6.

Papa F, Cortese A, Maltarello MC, Sagliocco R, Felice P, Claudio PP. Outcome
of 50 consecutive sinus lift operations. Br J Oral Maxillofac Surg.
2005;43:309-13.

Barone A, Ricci M, Grassi RF, Nannmark U, Quaranta A, Covani U. A 6-month
histological analysis on maxillary sinus augmentation with and without use
of collagen membranes over the osteotomy window: randomized clinical
trial. Clin Oral Implants Res. 2013,24:1-6.

lezzi G, Degidi M, Piattelli A, Mangano C, Scarano A, Shibli JA, et al.
Comparative histological results of different biomaterials used in sinus
augmentation procedures: a human study at 6 months. Clin Oral Implants
Res. 2012,23:1369-76.

Misch CE. Contemporary implant dentistry, Chapter 7. 3rd ed. St Louis:
Mosby Year Book; 2008. p. 134-5.

Geramy A, Morgano SM. Finite element analysis of three designs of an
implant-supported molar crown. J Prosthet Dent. 2004;92:434-40.

Balshi TJ, Wolfinger GJ. Two-implant-supported single molar replacement:
interdental space requirements and comparison to alternative options. Int J
Periodontics Restorative Dent. 1997:17:426-35.

Chou CT, Morris HF, Ochi S, Walker L, Des RD. AICRG, part II: crestal bone
loss associated with the Ankylos implant: loading to 36 months. J Oral
Implantol. 2004;30:134-43.

Bhutda G, Deo V. Five years clinical results following treatment of human
intra-bony defects with an enamel matrix derivative: a randomized
controlled trial. Acta Odontol Scand. 2013;71:764-70.

14.

20.

22.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Page 8 of 8

Mrozik KM, Gronthos S, Menicanin D, Marino V, Bartold PM. Effect of coating
Straumann Bone Ceramic with Emdogain on mesenchymal stromal cell
hard tissue formation. Clin Oral Investig. 2012;16:867-78.

Zhang FQ, Meng HX, Han J, Liu KN. Effects of emdogain on human
periodontal ligament cells in vitro. Beijing Da Xue Xue Bao.
2012;18(44):6-10.

Levin L, Laviv A, Schwartz-Arad D. Long-term success of implants replacing
a single molar. J Periodontol. 2006;77:1528-32.

Mazor Z, Lorean A, Mijiritsky E, Levin L. Replacement of a molar with 2
narrow diameter dental implants. Implant Dent. 2012;21:36-8.

Sullivan DY. Wide implants for wide teeth. Dent Econ. 1994;84:82-3.

Balshi TJ, Hernandez RE, Pryszlak MC, Rangert B. A comparative study of one
implant versus two replacing a single molar. Int J Oral Maxillofac Implants.
1996;11:372-8.

Bakaeen LG, Winkler S, Neff PA. The effect of implant diameter, restoration
design, and occlusal table variations on screw loosening of posterior
single-tooth implant restorations. J Oral Implantol. 2001,27:63-72.

Desai SR, Karthikeyan 1, Singh R. Evaluation of micromovements and stresses
around single wide-diameter and double implants for replacing mandibular
molar: a three-dimensional FEA. ISRN Dent. 2012;2012:680587.
Rodriguez-Ciurana X, Vela-Nebot X, Segala-Torres M, Calvo-Guirado JL,
Cambra J, Mendez-Blanco V, et al. The effect of interimplant distance on the
height of the interimplant bone crest when using platform-switched
implants. Int J Periodontics Restorative Dent. 2009,29:141-51.

Vela X, Mendez V, Rodriguez X, Segala M, Tarnow DP. Crestal bone changes
on platform-switched implants and adjacent teeth when the tooth-implant
distance is less than 1.5 mm. Int J Periodontics Restorative Dent.
2012,32:149-55.

Matsumoto H, Funatsu T, Asakawa T, Harada R, Tanaka M. Changes of size in
central incisors and first permanent molars of Japanese children—a
comparison of the present status with that of 20 years ago. Jpn J Ped Dent.
2003;41:900-5.

Gurgel-Juarez NC, de Almeida EO, Rocha EP, Freitas AC, Anchieta RB, de
Vargas LG, et al. Regular and platform switching: bone stress analysis
varying implant type. J Prosthodont. 2012;21:160-6.

Atieh MA, Ibrahim HM, Atieh AH. Platform switching for marginal bone
preservation around dental implants: a systematic review and meta-analysis.
J Periodontol. 2010;81:1350-66.

Vela-Nebot X, Rodriguez-Ciurana X, Rodado-Alonso C, Segala-Torres M.
Benefits of an implant platform modification technique to reduce crestal
bone resorption. Implant Dent. 2006;15:313-20.

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

Cocchetto R, Traini T, Caddeo F, Celletti R. Evaluation of hard tissue
response around wider platform-switched implants. Int J Periodontics
Restorative Dent. 2010;30:163-71.

Nevins M, Nevins M, Gobbato L, Lee HJ, Wang CW, Kim DM. Maintaining
interimplant crestal bone height via a combined platform-switched,
Laser-Lok implant/abutment system: a proof-of-principle canine study. Int J
Periodontics Restorative Dent. 2013;33:261-7.

de Oliveira RR, Novaes AB, Papalexiou V, Muglia VA, Taba M. Influence of
interimplant distance on papilla formation and bone resorption: a
clinical-radiographic study in dogs. J Oral Implantol. 2006;32:218-27.

Elian N, Bloom M, Dard M, Cho SC, Trushkowsky RD, Tarnow D. Effect of
interimplant distance (2 and 3 mm) on the height of interimplant bone
crest: a histomorphometric evaluation. J Periodontol. 2011,82:1749-56.
Barros RR, Novaes AB, Muglia VA, lezzi G, Piattelli A. Influence of interimplant
distances and placement depth on peri-implant bone remodeling of
adjacent and immediately loaded Morse cone connection implants: a
histomorphometric study in dogs. Clin Oral Implants Res. 2010,21:371-8.
Novaes AB, de Oliveira RR, Muglia VA, Papalexiou V, Taba M. The effects of
interimplant distances on papilla formation and crestal resorption in
implants with a morse cone connection and a platform switch: a
histomorphometric study in dogs. J Periodontol. 2006;77:1839-49.

Bahat O, Handelsman M. Use of wide implants and double implants in the
posterior jaw: a clinical report. Int J Oral Maxillofac Implants. 1996;11:379-86.



	Abstract
	Background
	Case presentation
	Patient 1
	Patient 2
	Treatment results
	Discussion

	Conclusions
	Consent
	Competing interests
	Authors’ contributions
	Authors’ information
	References



