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ABSTRACT
Background: The question whether a minimal maxillary residual bone height (RBH)

allows the predictable use of osteotome sinus floor elevation (OSFE) remains

unresolved.
Purpose: To evaluate the efficacy of short implants placed with OSFE in an RBH of <

4 mm and to compare bone levels around implants placed with (control) or without

(test) grafting after 3 years.
Materials and Methods: Eight-millimetre implants were placed by OSFE in sinuses

randomized to receive anorganic bovine bone or no grafting material. Healing time
before prosthetic rehabilitation was 10 weeks. Peri-implant bone levels were

measured on standardized peri-apical radiographs.
Results: Thirty-seven implants (17 test, 20 control) were placed at a mean RBH of

2.4 + 0.9 mm. Three implants failed during the 3-year follow-up. After 3 years, all
implants had gained endo-sinus bone (test: 4.1 £ 1.0 mm; control: 5.1 £ 1.2 mm; p =

0.001). Mean bone gain was stable between 1 and 3 years in both groups.
Conclusions: Grafting is unnecessary to achieve bone augmentation of 4.1 mm;

however, more bone is gained with grafting. Bone gained over 1 year was retained.
Atrophic posterior maxillae can be predictably rehabilitated using OSFE and
simultaneous placement of 8-mm implants.

Keywords: bone grafting; bone regeneration; crestal approach; no grafting;

osteotome sinus floor elevation; posterior maxilla; sinus lift.



INTRODUCTION

Sinus floor augmentation and implant placement allow the rehabilitation of
edentulous atrophic posterior maxillae. The lateral approach through a bony window,
or the sinus-lift technique, is the conventional procedure for maxillary sinus floor
augmentation. It permits access and elevation of the Schneiderian membrane: the
cavity created beneath is then filled with autogenous bone or a bone substitute. In
most cases, implant placement is delayed until subsequent surgery. Using implants
with a rough surface, the 3-year implant survival rate can reach 96.5%." However,
this technique is considered invasive and time-consuming.

An alternative to the lateral approach is osteotome sinus floor elevation (OSFE)
via a crestal approach. This technique involves drilling or trephining through the
residual crestal bone up to the last millimetre. Membrane elevation is achieved using
an osteotome by placing bone grafting material with apical condensation. The implant
is generally placed simultaneously. The procedure is less invasive, treatment duration
is reduced and postoperative discomfort is minimal. The primary stability of the
implant and bone-implant contact is improved. The survival rate of implants placed
using OSFE can reach 96.7% after 3 years,*® which is comparable to that of the sinus-
lift technique and to implants placed in non-augmented sites.*

The necessity of placing grafting material under the elevated sinus membrane is
increasingly being questioned. A certain amount of intra-sinus bone volume can be
regenerated around implants placed without any grafting material. This is obtained
using sinus-lift*® or OSFE.*5%'® By elevating the Schneiderian membrane, a
compartment is created, which fills with a blood clot. The clot is thus protected and

serves as a matrix for bone regeneration. Histological examinations in primates have



shown newly formed trabecular bone in close apposition to implants and lining the
Schneiderian membrane."’

Although OSFE is a minimally invasive surgical technique, it is usually
recommended in patients with an initial residual bone height (RBH) of between 7 and
9 mm. When the RBH is 24 mm and <6 mm, sinus-lift and simultaneous implant
placement are recommended. In patients with atrophic posterior maxillae (RBH <4
mm), the standard of care is to perform a lateral sinus-lift with delayed implant
placement after graft healing.'®

To simplify and shorten the duration of rehabilitation of the atrophic maxilla,
some authors exceed the recommendations to use OSFE in patients with an RBH of
<5 mm. Nedir et al.” treated maxillary sites with an RBH of <4 mm with an overall
success rate of 94.6% after 1 year. A literature review reported that the implant
survival rate reached 92.7% at sites with an RBH of <5 mm over 5 years, and no
significant difference was evident in relation to the use of grafting material.?
Furthermore, placement of short implants allows the successful treatment of atrophic
sites,""® with predictable implant function for up to 5 years.? The tapered shape and
reduced pitch of these implants substantially improve their primary stability.'

However, the question of whether minimal RBH allows the predictable use of
OSFE remains unresolved. Some studies®'* report that an RBH of <5 mm reduces
the implant survival rate. Two studies'? describe the performance of implants placed
by OSFE in an RBH of <4 mm. The purpose of this study is to further evaluate the
efficacy of the OSFE procedure in atrophic maxillae (RBH <4 mm) over a 3-year
period. This evaluation should confirm the predictability and lasting performance of
the procedure. The study was designed to compare the outcome of short tapered

implants randomly placed without (test) or with (control) grafting. The following null



hypothesis was tested: there is no difference in the 3-year radiographic outcome and
clinical function of implants placed in an RBH of <4 mm when OSFE is performed
without or with grafting. Endo-sinus bone gain (ESBG), crestal bone loss (CBL) and
available proximal bone anchorage were measured and compared 1 and 3 years
after implant placement. The stability of the bony dome formed by the presence of
grafting material above control implants was also analyzed.

MATERIALS AND METHODS

Patients

This study was approved by the ethics committees of the University Hospital of
Geneva, Switzerland, and the University of Lausanne, Switzerland, for human
research under the protocol reference numbers 06-089 and 245/06, respectively.
Informed consent was obtained from all participants. The study was conducted in
accordance with the Declaration of Helsinki (2002) and guidelines issued by the
ethics committees. Patients were recruited between June 2007 and February 2009

according to the following inclusion criteria:

. Patient requires implant treatment in the posterior maxilla.
. Tooth extraction at the implant sites was performed at least 4 months before

surgery.
° RBH between the alveolar bone crest and the sinus floor, measured on

panoramic radiograph at each implant site, is <4 mm.
o OSFE is performed with or without grafting material according to the

randomization process.
o Straumann® Tapered Effect implants with SLActive® surface, 4.1/4.8 mm in

diameter and 8 mm in length (Straumann AG, Basel, Switzerland), are placed.
o Patient agrees to avoid wearing a removable prosthesis at the implant site

during the healing period.
o Absence of medical history of acute or chronic sinusitis.
. Absence of active periodontal disease, diabetes and metabolic bone disease.



Initial RBH was measured by orthopantomography. Sinus randomization was
assigned at the time of surgery after implant bed preparation.™

Implant placement and prosthetic rehabilitation
All treatment procedures were conducted in a private practice setting (Ardentis

Clinique Dentaire Vevey, Vevey, Switzerland) as reported previously.” Sinuses
randomized to the control group were filled with 0.5 cm?® of anorganic bovine bone
(Bio-Oss®; Geistlich Pharma AG, Wolhusen, Switzerland; granulometry: 0.25-1 mm);
otherwise, implants were placed without grafting material (test group). After 8 weeks
of healing, an impression was taken and the conventional prosthetic steps for single-
screwed crown rehabilitation were conducted.

Success criteria
Implants were controlled at 1, 8 (impression time), 10 (prosthesis delivery) and 12

weeks and at 1 and 3 years after implant placement. The success criteria were:

o No pain or any subjective sensation;

o No recurrent peri-implant infection;

o No clinically detectable implant mobility; and

e No continuous radiolucency around the implant.?*

Radiographic measurements
Standardized peri-apical radiographs were taken immediately after surgery, at 8

weeks and at 1 and 3 years; the 10-week radiograph of the implants with definitive
crowns in place was not standardized (Figure 1). Implant placement served as the
baseline. Internal calibration was realized on each standardized radiograph by
measuring three inter-thread distances (2.4 mm). The peri-apical endo-sinus bone
level, peri-apical crestal bone level and proximal bone anchorage along the implants
were recorded on the mesial and distal sides of the implant. Graft height above the

implant apex - that is, the dome height formed by the graft placement - was



measured in the control group along the implant axis. Figure 2 details the
radiographic landmarks.

Statistical analysis
When considering the differences in mean ESBG measured in the test and control

groups as the primary outcome, the power of the 1-year study to detect a true
difference of at least 1.0 mm, with a standard deviation of 1.3 mm, between the test

and control groups was estimated to be 89%."
Descriptive statistics - mean, standard deviation, median and range - were

used to present bone level measurements. Data were analysed using mixed linear
models that included a random effect (random intercept) for each patient and a fixed
effect for the treatment group and year. The p-values took into account the random
effects factor. The comparison of success rates between implant groups was tested
using Fisher’s exact test. The threshold value for statistical significance was set at p
<0.05.

RESULTS

Patients and implants

Twelve patients (9 women and 3 men, with a mean age of 57.6 £ 4.7 years) were
enrolled and 37 sites (32 molars and 5 premolars, 19 sinuses) were treated. All sites
presented an RBH of <4 mm (mean: 2.4 + 0.9 mm; range: 0.9-4.0 mm). Through
randomization, 17 implants were placed without grafting (test group; 9 patients, 9
sinuses) and 20 implants were placed with grafting material (control group; 10

patients, 10 sinuses).

Clinical observations
Postoperative observations are described in a previous publication.’ Mean healing

time was 2.6 £ 0.9 months. At this time point, two control implants placed in merged
corticals (RBH: 1.4 and 1.2 mm) were clinically mobile and were removed. At 2.7

years, one osseointegrated test implant was removed (RBH: 2.8 mm) because of



peri-implantitis. The patient concerned received periodontal therapy before implant
placement. He showed stable periodontal status at the time of implant placement but
did not attend periodontal follow-up appointments. The other 34 implants (16 test and
18 control) were successful and the patients reported complete satisfaction. The
overall implant success rate was 91.9% after 3 years. It was 94.1% for the test group
and 90.0% for the control group (p = 0.66).

Radiographic evaluation
Mean bone levels measured from radiographs are summarized in Table 1. All

implants gained endo-sinus bone. After 1 year, mean ESBG was 3.9 + 1.0 mm (test)
and 5.0 £ 1.3 mm (control). After 3 years, it reached 4.1 £ 1.0 mm (test) and 5.1 £ 1.2
mm (control). The difference in mean ESBG between the test and control groups was
statistically significant at 1 (p < 0.001) and 3 years (p = 0.001). Mean CBL was
limited, without significant difference between the groups. The 3-year mean proximal
bone anchorage reached 6.7 + 1.0 mm (test) and 8.0 £ 1.3 mm (control). The mean
ESBG, CBL and proximal bone anchorage did not change significantly between 1

and 3 years (p = 0.272, 0.371 and 0.489, respectively).
An ESBG >4 mm was observed for 53.1% implant sides when no grafting as used

whereas it was observed for 87.8% implant sides when implants were placed with
grafting material (Table 2). Four (12.5%) test and 17 (47.2%) control implant sides
showed a bone anchorage higher than 8 mm. Twenty-seven implant sides gained
crestal bone height (0.5 mm in average). CBL was higher than 2 mm at nine implant
sides (Table 2). One test and one control implants, respectively, showed a mesial
CBL of 3.1 mm with a mesial height of bone anchorage reaching 5.3 and 5.4 mm

respectively. This extreme CBL had no influence on their 3-year stability.
The dome formed by grafting material above the implants in the control group

showed a mean height of 1.6 + 0.9 mm immediately after surgery. At 1 year, 13



implants in the control group were completely embedded in the peri-implant bony
material. The mean bony material height above the apex of these 13 implants was
1.3 £ 0.7 mm. At 3 years, 11 implants were embedded. The mean height above the
apex of these implants was 1.1 £ 0.7 mm. The differences between dome height
measurements after surgery and 1 year, and after surgery and at 3 years, were not
significant (p = 0.182 and 0.116, respectively). Only two implants in the test group
were completely embedded at 1 and 3 years.

DISCUSSION
Although the RBH was < 4 mm at all implant sites, the patients included in this study

were treated by OSFE and simultaneous placement of short tapered implants. At 3
years, all sites but three were successfully rehabilitated. The OSFE technique proved
predictable, with a success rate of 91.9% after 3 years. This was slightly higher than
the value of 85.7% presented by Rosen et al.?' for implants placed by OSFE in a non-
augmented RBH of < 4 mm, and almost equivalent to the 92.7% reported by Del

Fabbro et al.? for 331 implants placed in an RBH of <5 mm.
According to the 1996 consensus conference on sinus lifting,”™ the

recommended treatment of the atrophic posterior maxilla is sinus floor augmentation
through the lateral approach with bone grafting. A staged approach is generally
suggested when RBH is judged insufficient to guarantee the primary stability of
implants. The survival rate of implants placed using the sinus-lift technique and
delayed implant placement ranges from 72.7% to 100% (mean: 93.7%).%
Unfortunately, the graft failure rate alone (cases of re-graft surgery, aborted sinus
membrane elevation or sinus elevation without implants being placed) was not
included." It is estimated to be 1.9% (range: 0-17.9%)." In this study, the survival rate
of implants placed with OSFE was comparable to that reported for implants placed

using sinus-lift.°



Three failures (two early and one late) were recorded in this study. The early
failures related to the placement of implants in fused corticals (monocortical bone),
but not to the presence or lack of grafting material.” The late failure occurred in a
patient with a history of periodontitis. A history of periodontitis can jeopardize the
longevity and survival rate of implant treatment;?® therefore, the late failure reported
here could be attributed to the periodontal status of the patient and not the OSFE
procedure.

This study tested the feasibility and success of the OSFE procedure in patients
with extremely limited RBH (mean: 2.4 + 0.9 mm; range: 0.9-4.0 mm). A meta-
regression analysis of 12 studies that used the lateral procedure (406 patients, 1644
implants) identified a positive association between initial RBH and implant survival
rates.?” The implant survival rate showed a positive trend when initial RBH rose from
1 to 5 mm and became stable at a high survival rate when the RBH was > 5 mm.
RBH may be crucial for implant survival using the sinus-lift technique. However, an
analysis of nine studies that used the OSFE technique (383 patients, 618 implants)
showed no relationship between initial RBH and implant survival rate.?” This might
have been due to a lack of data from patients with an RBH of < 4 mm. Most studies
selected patients with a maxillary RBH of > 4 mm and the few studies in patients with
an RBH of < 4 mm report a survival rate of close to 100%.?" Recently, Gonzalez et
al.?® reported that the crestal approach for maxillary sinus floor elevation is a viable
technique for use in patients with minimal RBH (< 4 mm). Therefore, RBH can no
longer be considered the single deciding factor for the selection of either sinus-lift or
OSFE. Other important factors that should contribute to the decision-making process
include the patient preference, the experience of the practionner, morbidity and the

invasiveness and complexity of the procedure.



The Schneiderian membrane can support elevation of 4-8 mm without
perforation;* therefore, most 8-mm implants placed with grafting were embedded into
the bony dome. Also 8-mm implants placed without grafting could be embedded in
bone. Therefore, the 8-mm implants could be particularly advantageous for the
rehabilitation of atrophic posterior maxillae. The need for grafting was avoided by
gaining at least 4 mm of bone. Their osseointegrated surface was sufficient to
function successfully over 3 years of functional loading.

The use of graft material may not improve primary stability of the implant. The
residual original bone seems to be the key factor for primary implant stability. When
primary stability is a concern, increasing bone compression through the use of
tapered implants with a reduced pitch - and, therefore, more threads - may be
beneficial.*® In this study, it was surprising that the osseointegration of implants into
atrophic soft bone allowed functional loading of the definitive prostheses after a
healing time of just 10 weeks. In such a limited healing time, the contribution of the
endo-sinus newly formed bone to the support of mechanical loading of the occlusion
is questionable. Once osseointegration is achieved and implants are loaded, there
should be an effective load transfer from implant to bone. The application of load
results in high stress in the crestal bone immediately around the neck of loaded
implants.3'3? Consequently, the first 3-5 threads are involved in stress absorption. For
long-term mechanical and clinical stability, the presence of an RBH of 1-2 mm and at
least 3-4 mm of regenerated bone could provide sufficient bony anchorage to permit
stress distribution. A high amount of crestal bone (>3 mm) was lost at one side of two
implants, but the available bone anchorage had still reached 5.3 mm; the augmented
bone rendered the implants stable over time. The OSFE technique without grafting

material increases the bone height around 8-mm implants by 4.1 mm on average. In



the absence of grafting, ESBG was limited to the height of the implant apex, around
which the Schneiderian membrane might collapse.® In this study, the mean bone
anchorage height along 8-mm implants in the test group reached 6.7 £ 1.0 mm. This
was sufficient to support functional loading over 3 years. To increase bone
anchorage, the sinus membrane must be maintained in an elevated position.** The
presence of grafting material, as well as adjacent implants, maintains the membrane
at the distance of the implant body;™ as a result, proximal bone anchorage reached
8.0 £ 1.3 mm after 3 years.

Bone levels measured around implants at 1 year remained stable at 3 years.
The bone height gained without grafting should remain stable for over 5 years® and
has been observed to be unchanged at 16 years.' When implants were placed with
grafting, a slight decrease in dome height above the implant apex was observed at a
3-year follow-up. The remodelling of graft apical to implants was observed by
Bragger et al.*® after 1 year (19 patients, 25 implants) and by Si et al."® within 3 years
(21 patients, 21 implants). These authors reported a significant height reduction
resulting from the use of autogenous bone chips mixed with anorganic bovine bone
material. Shrinkage of the 2:1 autogenous bone:xenograft mixture could approach
the implant apex or fall slightly below it but can stabilize over time; however, this may
take up to 10 years.*® The resorption rate of autogenous bone is high, particularly
when cancellous bone is used.*” However, its presence accelerates early bone-
implant contact formation adjacent to the implant surface.*® Anorganic bovine bone
material appears to undergo slow or even no resorption for up to 10*° or 11 years.
Although the results obtained in the present study by using two-dimensional
radiography were pertinent, a more accurate and reliable evaluation of dome

remodelling might be provided by cone beam-computerized tomography (CB-CT). *'



In the extreme conditions presented in this study, such as very low maxillary
RBH and the use of short implants, both de novo bone and composite regenerated
mineralized tissue have shown their ability to support loading stress during a 3-year
period. However, long-term studies are needed to investigate the following in these
extreme conditions:

o the efficiency of the OSFE procedure with and without grafting;

o the effect of a composite bony material above the implant apex on the implant
success and survival rates; and
o the relationship between RBH and the survival rate of implants placed with

OSFE.

CONCLUSION

This study showed that short tapered implants with a reduced thread pitch can be
placed with good primary stability in atrophic maxillae using OSFE. After 3 years,
91.9% of implants placed with or without grafting demonstrated successful integration
and functional loading. The regenerative properties of the bone within the sinus led to
marked endo-sinus bone formation, even without grafting material. Grafting is not
necessary to attain an ESBG of 4.1 mm. However, greater ESBG is achieved when
grafting material is inserted. Crestal and endo-sinus bone levels observed after 1
year are preserved after 3 years. Most complications occurred early and they rarely
occurred after implant osseointegration. For patients presenting risk factors such as a
history of periodontitis, strict follow-up is recommended. The atrophic posterior
maxilla can be rehabilitated using OSFE and the simultaneous placement of 8-mm
implants. This procedure offers patients a simpler and less invasive implant treatment

for atrophic maxillae.
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Figure 1 Radiographic evolution of sinus floor level over 3 years in Patient #3.



Test implant Control implant

Figure 2 Radiographic measurements of crestal bone loss, endo-sinus bone gain

and proximal bone anchorage.
Distance A, parallel to the implant axis and between the most coronal bone-implant

contact and the most apical implant thread, was measured on both sides of each
implant and averaged. A decrease in this mean value on consecutive radiographs,
taken immediately after implant surgery and at 1 and 3 years, was indicative of

crestal bone loss.
Distance B, between a reference coronal implant thread and the most apical implant-

bone contact, was measured on both sides of each implant and averaged. An
increase in this mean value on consecutive radiographs, taken immediately after

implant surgery and at 1 and 3 years, was indicative of endo-sinus bone gain.
Distance C, between the most coronal bone-implant contact and the most apical

bone-implant contact, was measured on both sides of each implant and averaged;
graft height D above the control implant apex was also measured along the implant
axis. C and C + D, respectively, expressed the available proximal bone anchorage for

the test and control implants, respectively.



Test Control Test Control
Implant group (no grafting) (grafting) p* (no grafting) (grafting) p*
34 implant 36 implant 32 implant 36 implant
sides sides sides sides
Mean 3.9 mm 5.0 mm 4.1 mm 5.1 mm
Endo-sinus standard deviation 1.0 mm 1.3 mm 1.0 mm 1.2 mm
. <0.001 0.001
bone gain median 4.1 mm 5.1 mm 4.4 mm 5.3 mm
range 1.8-6.2 mm 2.9-6.7 mm 1.5-7.0 mm 20-7.0mm
Mean 0.6 mm 0.4 mm 0.6 mm 0.5 mm
Crestal standard deviation 0.8 mm 0.7 mm 0.53 1.1 mm 1.0 mm 0.99
bone loss median 0.5 mm 0.3 mm ' 0.5 mm 0.2 mm '
range 0-2.4mm 0-2.1mm 0.0-3.1mm 0.0-3.1mm
Mean 6.5 mm 8.2 mm 6.7 mm 8.0 mm
Bone standard deviation 1.0 mm 1.5 mm 1.0 mm 1.3 mm
. <0.001 <0.001
anchorage median 6.4 mm 8.5 mm 6.7 mm 8.0 mm
range 4.6 - 8.2 mm 54 -10.3 mm 4.7 - 8.9 mm 54-10.5 mm

Table 1 Radiographic bone levels at 1 and 3 years.

*Statistical significance of mean bone level difference between test and control groups.




Test
(no grafting)

Control
(grafting)

Number of implant sides (%)

Number of implant sides (%)

Endo-sinus
bone gain

Crestal bone
level

Bone
anchorage

0-2 mm 2 (6.2%) 0 (0%)
2-4 mm 13 (40.7%) 8 (22.2%)
4-6 mm 16 (50.0%) 18 (50.0%)
>6 mm 1(3.1%) 10 (27.8%)

. _______________________________________________________________________________________|

loss >3 mm 1(3.1%) 1(2.8%)
loss 2-3 mm 3 (9.4%) 4 (11.1%)
loss 1-2 mm 8 (25.0%) 6 (16.7%)
loss 0-1 mm 9 (28.1%) 9 (25.0%)
gain 11 (34.4%) 16 (44.4%)
4 -8 mm 28 (87.5%) 19 (52.8%)
>8 mm 4 (12.5%) 17 (47.2%)

Table 2 Frequency analysis of the 3-year endo-sinus bone gain, crestal bone loss and bone anchorage measured at each

implant side of test and control implants.




