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ABSTRACT

Background: Insufficient bone volume often hamper placement of dental implants in the posterior maxilla.

Purpose: The aim of the present clinical study was to evaluate retrospectively the clinical outcome of implant placement in
the resorbed posterior maxilla using an osteotome technique without adding any grafting material.

Materials and Methods: Twenty patients with 5 to 9 mm of residual alveolar bone height in the posterior maxilla received
twenty-nine implants (Neoss Ltd., Harrogate, UK) using an osteotomy technique without bone grafts. Intraoral radio-
graphs were taken before and after implant placement, at the time of loading and after 11 to 32 months of loading (mean
16.4 months), to evaluate bone formation below the sinus membrane and marginal bone loss. Implant stability measure-
ments (OsstellTM, Gothenburg, Sweden) were performed after implant installation and at abutment connection 5 months
later. All implants were installed with the prosthetic platform level with the bone crest.

Results: No implant was lost giving a survival rate of 100% after a mean follow-up time of 16.4 months. The average vertical
bone height was 7.2 1 1.5 mm at placement and 10.0 1 1.0 mm after 11 to 32 months. The average increase of 2.8 1 1.1 mm
was statistically significant. There was a statistically significant improvement in implant stability from 70.7 1 9.2 implant
stability quotient (ISQ) at placement to 76.7 1 5.7 ISQ at abutment connection, 5 months later. The mean marginal bone
loss amounted to 0.7 1 0.3 mm after 11 to 32 months of loading.

Conclusion: It is concluded that the osteotome technique evaluated resulted in predictable intrasinus bone formation, firm
implant stability, and good clinical outcomes as no implants were lost and minimal marginal bone loss was observed.

KEY WORDS: clinical study, dental implants, maxillary sinus floor augmentation, radiography, resonance frequency
analysis

INTRODUCTION

Insufficient bone volumes often hamper placement of

dental implants in the posterior maxilla and bone

augmentation may be needed. In 1996,1 a consensus

conference on maxillary sinus grafting procedures pro-

posed different treatment strategies depending on the

amount of available bone: (i) in case of residual bone

height (RBH) of classes C (4–6 mm) and D (1–3 mm), a

lateral sinus lift approach with grafting material and

immediate or delayed implant placement was recom-

mended2 (ii) for class B sites (RBH 7–9 mm), a trans-

crestal approach using osteotomes was proposed, and

(iii) in cases of class A (310 mm), no sinus procedure

was regarded as necessary.

With the osteotome sinus floor elevation (OSFE)

technique, a crestal approach is used to fracture and lift

the sinus floor, where bone graft material and an

implant can be inserted. During the osseointegration

healing period (usually 6 months), bone will be formed
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in the sinus to cover the apex of the implant. This

technique was first described by Tatum in 1977 but

was not published until several years later.2 The

Tatum technique required instruments such as burrs,

curettes, and osteotomes. After drilling, a small

osteotome was used to fracture the sinus floor and the

membrane was lifted with curettes to create a space

for graft material. The implant was most often placed

after some period of healing.2 In 1994, Summers

reported on a modified and less invasive technique3

using a set of osteotomes with increasing diameters.

The osteotomes displaced the bone laterally and

towards the sinus floor. The last osteotome was used to

fracture the sinus floor and to push added graft and

bone from the site under the sinus membrane. Finally,

an implant was placed to push the membrane up to

the desired height. Autogenous, allogenic, or xenogenic

grafting materials could be added to fill the space

created below the elevated sinus membrane. Clinical

studies have reported high-implant survival rates after

OSFE. In an 8-year retrospective study of 1557

implants using the osteotome technique, Chen and

Cha underlined the importance of grafting materials

together with osteotome technique exerting localized

hydraulic pressure on the sinus membrane.4 Recently,

the necessity of placing filling material for sinus

elevation with the OSFE procedure has been ques-

tioned. Winter and colleagues, suggested that when

a space for a blood clot is maintained between the

Scheiderian membrane and the sinus floor, this

blood becomes bone.5 Studies on primates reported

that implants protruding into the maxillary sinus

following elevation of the sinus membrane, without

grafting material, exhibited spontaneous bone forma-

tion below the sinus membrane.6 In a clinical study,

Pjetursson and colleagues7 radiographically evaluated

tissue remodeling of 252 implants placed using the

trans-alveolar technique with or without grafting

material. It was concluded that only a moderate

increase of new bone could be detected surrounding

the implants placed without grafting material. Whereas

a substantial increase of new bone was seen when

grafting material was used.7 The aim of the present

retrospective study was to evaluate the clinical

success of dental implants (Neoss Ltd., Harrogate,

UK) installed using the osteotome technique in

the posterior maxilla without adding any grafting

material.

MATERIALS AND METHODS

Patients

The retrospective study group consisted of 20 patients

(15 females and 5 males, mean age 48 years) who under-

went installation of 29 implants (Neoss Ltd., Harrogate,

UK) in the posterior maxilla from January 2007 to

March 2008. The osteotome technique was used without

additional bone grafts. Ten molar and 19 premolar sites

were rehabilitated with crowns or short bridges. All

patients were in good general health and with healthy

periodontal conditions. Exclusion criteria included

any medical condition generally contraindicating dental

surgery, unchecked hypertension, insulin-dependent

diabetes or cardiovascular disease. Smokers were not

excluded from the study. All patients were thoroughly

informed about the treatment and gave signed informed

consent. The study followed the principles for human

trials as described in the declaration of Helsinki.

Intraoral radiographs, orthopantomographs, and

(where relevant) computer tomography were used for

presurgical examinations. The inclusion criteria were

implant treatment required in the posterior maxilla and

5 to 9 mm of residual vertical bone height (VBH) below

the maxillary sinus.

Clinical Techniques and Follow-Up

Local anesthesia (Mepivacain 2%, Saint-Maur-des-

Fossès Cedex, France) was administered in the buccal

and palatal regions of the surgical area. A crestal incision

was made and extended in the buccal and palatal direc-

tions through the sulcus of the neighboring teeth. A

full-thickness mucoperiostal flap was raised with no ver-

tical release incision to avoid damage of the vasculariza-

tion of the soft tissue. The implant site preparation

started with the 2.2 mm pilot drill to a distance of 1 mm

below the sinus floor. A radiograph was taken to confirm

ideal position. Thereafter, osteotomes of increasing

diameters of 1.6 mm, 1.9 mm, and 2.9 mm were used

for preparation of sites for 4 mm wide implants. For

4.5-mm wide implants a final osteotome of 3.3 mm was

used. The sequence of osteotomes increased the fracture

area gradually and the concave tip pushed the bone/

blood mix under the sinus membrane. The osteotomes

were manipulated with one hand and continuously

rotated to reduce friction. The final step before placing

the implant was to check for membrane perforation by a

Vasalva test. Subsequently, implants were placed without
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the addition of any graft material (Figures 1 and 2,

A–D). Resonance frequency analysis (RFA) (Osstell™,

Osstell AB, Gothenburg, Sweden) was used to measure

the primary stability of the implants in implant stability

quotient (ISQ) units. All patients received appropriate

postoperative instruction, prescription of Amoxicillin

(500 mg twice daily for 7 days), Ketaprofene 80 mg

(twice daily for 3 days), and oral antiseptic. The sutures

were removed after 10 days.

The implants were uncovered after 5 months of

healing and checked for stability with RFA measure-

ments. One month later the implants were loaded with

provisional restorations and were restored a further

2 months later with a fixed metal-ceramic prosthesis

(Figure 2E). The patients were re-called for follow-up

checks after 3, 6, and 12 months (Figure 2F), and then

annually after final restoration when intramural radio-

graphs were taken with a paralleling technique.

Radiographic Analyses

Marginal bone levels (MBL) were evaluated in the

intraoral radiographs taken at the day of surgery and at

the latest checkup examination, after 11 to 32 months of

loading. The distance from the prosthetic platform to

the first bone contact was measured on distal and mesial

aspects of the implants using a magnifying lens (¥4.5,

Carl Zeiss, Oberkochen, Germany) and a caliper. A mean

MBL was calculated for each implant based on mesial

and distal measurements. The VBH at each implant site

was measured in preoperative radiographs by superim-

posing the position of the implant from postoperative

radiographs taken at the latest follow-up visit. VBH was

measured on mesial and distal aspects and given as a

mean value for each implant site.

Statistics

The Wilcoxon signed-rank test was used for evaluation

of VBH before and after surgery. The Spearman corre-

lation test was used to find possible correlations between

MBL and implant diameter. A statistically significant

difference and correlation was considered if p < .05

(Stata 10.0, Stata Corp., College Station, TX, USA).

RESULTS

Healing was uneventful and no implant was lost during

the loading period of 11 to 32 months, giving a cumu-

lative survival rate (CSR) of 100%. The mean VBH

was 7.2 1 1.5 mm prior to surgery and 10.0 1 1.0 mm

after 11 to 32 months of loading. The gain of 2.8 1

1.1 mm was statistically significant (p = .0001) (Table 1)

(Figure 1). Implant stability was 70.7 1 9.2 ISQ after

placement and 76.7 1 5.7 ISQ after 5 months of healing

(p = .0001) (Table 2) (Figure 2). Only one implant

showed poor primary stability, 49 ISQ, which increased

to 68 ISQ during healing. The mean MBL after 11 to

32 months was 0.7 1 0.3 mm. There was a significant

inverse correlation between implant diameter and MBL

(rs = -0.41, p = .027).

Figure 1 Schematic showing an implant placed into the
maxillary sinus, lifting the sinus membrane, and bone debris
after the use of osteotomes.

TABLE 1 VBH Immediately after Implant Placement
and after 11–32 Months of Loading (Mean 1 SD)

VBH at implant placement 7.2 1 1.5 mm

VBH after 11–32 months of loading 10.0 1 1.0 mm

Gain from placement to follow-up 2.8 1 1.1 mm

Statistics p = .0001

VBH = vertical bone height.

TABLE 2 Implant Stability after Implant Placement
and at Abutment Connection

ISQ

Implant placement 70.7 1 9.2

Second stage surgery (5 months) 76.7 1 5.7

Statistics p = .0001

ISQ = implant stability quotient.
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(A) (B)

(C) (D)

(E) (F)

Figure 2 (A) Clinical photo prior to treatment. (B) Preoperative radiograph. (C) Showing three implants where the most distal was
placed using the osteotome technique. (D) Postoperative radiograph. (E) Showing final prostheses. (F) Follow-up radiograph after
1 year. Note bone formation at the apex of the distal implant.
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DISCUSSION

The placement and restoration of dental implants in the

edentulous posterior maxilla can potentially be compro-

mised by the lack of adequate residual alveolar bone. A

minimum of 10 mm VBH has been considered as a

requirement for predictable implant success.8,9 Different

grafting techniques using a lateral approach to the max-

illary sinus and inlay with autogenous bone, allografts,

xenograft, alloplastic materials, and mixture of various

materials have been described in the literature.10

However, when the RBH is 7 to 9 mm, an osteotome

technique can be used to provide bone to cover the

implants. With this less invasive procedure, access to the

sinus floor is created with sinus osteotomes through a

crestal approach and the implant is usually inserted in

conjunction with the procedure.11,12

The present study showed that careful elevation of

the sinus membrane with osteotomes without additional

grafting material resulted in predictable bone formation

at the maxillary sinus floor. No implants were lost and

the marginal bone resorption was 0.7 mm after 11 to 32

months of loading. The osteotomes are used to gradually

expand the implant site, compressing and apically

pushing bone, thus improving localized bone density.

The improved density of the implant site enhances the

implant’s primary stability.13 In fact, a clinical study has

suggested that the osteotome technique significantly

improves the success rate of implants in type 4 bone.14

Although no control group was used in the present

study, the ISQ measurements showed firm stability of

the implants with a mean of 70.5 ISQ at placement,

which increased to 76.7 ISQ after 5 months of healing.

Low-primary stability was only experienced in one case

of low-bone density. In spite of underpreparation and

using a wider implant, a stability of 49 ISQ was achieved.

However, after 5 months of healing the ISQ value

had increased to 68, which indicated a favorable tissue

response.

The RBH seems to be the most important factor

influencing implant survival with the OSFE technique.

In a retrospective analysis of consecutive cases from nine

clinicians in eight centers, 147 implants placed in 101

patients with a loading period from 6 months to 66

months were evaluated. The survival rate was 96% when

bone height was 5 mm or more and dropped to 85%

when the pretreatment bone height was 4 mm or less.15

In another study, it was observed that the implants

placed with an RBH 2 4 mm had a failure rate of 26.7%

compared with 5.1 to 5.5% for implants placed in 5 to

7 mm of bone.16 In the present study, RBH was 5 mm or

more, which may explain the good clinical result.17,18

The main disadvantage of this technique is that

perforation of the Scheiderian sinus membrane may

occur.19,20 However, several clinical studies reported that

the perforation did not increase the risk for implant

failure.21,22 In a recent study evaluating 588 implants

placed in 323 consecutive patients with RBH ranging

from 6 mm to 9 mm, only 13 perforations were

detected, resulting in a perforation rate of 2.2%.23 In

another study of 252 implants in 181 patients, the preva-

lence of membrane perforation detected by the Valsalva

test was 10.8% while postoperative infection was rare

(0.8%).7 In our study, one perforation was detected by

the Valsalva test on the site where we had 5 mm of RBH,

but no further complications occurred and the implant

was loaded with success. The advantages of this tech-

nique are clear. It is less invasive and results in less post-

operative discomfort for the patient than a conventional

lateral sinus lifting approach. Historically, clinicians

have used different graft materials in conjunction with

maxillary sinus floor augmentation, such as autogenous

bone and allogenic or xenogenic grafting material,

which has resulted in high-implant survival rates.24–27

Graft materials have also been used with the OSFE tech-

nique; Summers used a mixture of 40% autogenous

bone chips, 40% demineralized bone allograft, and 20%

resorbable hydroxyapatite.11 Recently, clinical studies

have shown that bone can be gained at the maxillary

sinus floor without the use of any additional bone grafts,

as the mere elevation of the sinus membrane results in

predictable bone formation.28,29 In a similar way, Nedir

and colleagues30 reported good outcomes for OSFE

without graft material as a 100% implant survival rate

after 3 years was reported. In that study, 25 implants

were placed in 17 patients to rehabilitate 16 molar and

9 premolar sites with a mean RBH of 5.4 1 2.3 mm.

After 3 years of loading, the mean gain of bone was

3.1 1 1.5 mm.30 Their results are in line with those of

the present study as no implants were lost and a bone

gain of 2.8 1 1.1 mm was observed after a mean

follow-up time of 16.4 months.

Pjetursson and colleagues7 evaluated bone remod-

eling after maxillary sinus floor elevation using an

osteotome technique with or without grafting material.

A total of 181 patients received 252 implants; 88 (35%)
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were placed with graft material and the remaining 164

(64%) without any material. They concluded that bone

remodeling was more pronounced when graft material

was not used.7 It has been shown that the human max-

illary sinus membrane has an osteogenic potential as

histology showed bone formation at ectopic sites follow-

ing transplantation of cells derived from the sinus

membrane and in conjunction with an osteoconductive

scaffold.31 In an experimental study in primates on

membrane elevation and simultaneous insertion of

implants, an intimate relation was seen between the

membrane and newly formed bone.32

The purpose of the present study was also to evalu-

ate the marginal bone loss from fixture installation

to the last checkup examination (mean 16.4 months).

The mean bone loss was 0.7 mm, which is within the

ranges previously reported for this and other implant

systems.33–36 The wider implants with diameter 4.5 or

5.0 mm showed an unchanged bone level or minor bone

loss, which is in accordance with recent studies.34,37

It is concluded that Neoss implants and the

osteotome technique described can be simultaneously

used to augment the maxillary sinus floor without addi-

tional grafting materials.
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