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Background: Grafting the floor of the maxillary sinus has become the most common surgical intervention
for increasing alveolar bone height prior to the placement of endosseous dental implants in the posterior
maxilla. Outcomes of this procedure may be affected by specific surgical techniques, simultaneous versus
delayed implant placement, use of barrier membranes over the lateral window, selection of graft material,
and the surface characteristics and the length and width of the implants.

Rationale: The primary objective of this systematic review was to determine the efficacy of the sinus aug-
mentation procedure and compare the results achieved with various surgical techniques, grafting materials,
and implants.

Focused Question: In patients requiring dental implant placement, what is the effect on implant survival
of maxillary sinus augmentation versus implant placement in the non-grafted posterior maxilla?

Search Protocol: MEDLINE, the Cochrane Oral Health Group Specialized Trials Register, and the Data-
base of Abstracts and Reviews of Effectiveness were searched for articles published through April 2003.
Hand searches were performed on Clinical Oral Implants Research, International Journal of Oral and Max-
illofacial Implants, and the InternationalJournal of Periodontics & Restorative Dentistry and the bibliographies
of all relevant papers and review articles. In addition, researchers, journal editors, and industry sources
were contacted to see if pertinent unpublished data that had been accepted for publication were available.

Selection Criteria
Inclusion criteria: Human studies with a minimum of 20 interventions, a minimum follow-up period of

1-year loading, an outcome measurement of implant survival, and published in English, regardless of the
evidence level, were considered.

Exclusion criteria: Studies involving multiple simultaneous interventions (e.g., simultaneous ridge augmen-
tation) and studies with missing data that could not be supplied by the study authors were excluded.

Data Collection and Analysis: Where adequate data were available, subgroups of dissimilar interventions
(e.g., surgical techniques, graft materials, implant surfaces, membranes) were isolated and subjected to meta-
regression, a form of meta-analysis.

Main Results
1. Forty-three studies. 3 randomized controlled clinical trials (RCTs), 5 controlled trials (CTs), 12 case

series (CS), and 23 retrospective analyses (RA) were identified. Thirty-four were lateral window interventions,
5 were osteotome interventions, 2 were localized management of the sinus floor, and 2 involved the crestal
core technique.

2. Meta-regression was performed to determine the effect of the variables of block versus particulars graft-
ing techniques, implant surface, graft material, and the use of a membrane over the lateral window.

3. The survival rate of implants placed in sinuses augmented with the lateral window technique varied
between 61.7% and 100%. with an average survival rate of 91.8%.

For lateral window technique:
4. Implant survival rates reported in this systematic review compare favorably to reported survival rates

for implants placed in the non-grafted posterior maxilla.
5. Rough-surfaced implants have a higher survival rate than machine-surfaced implants when placed in

grafted sinuses.
6. Implants placed in sinuses augmented with particulars grafts show a higher survival rate than those

placed in sinuses augmented with block grafts.
7. Implant survival rates were higher when a membrane was placed over the lateral window.
8. The utilization of grafts consisting of 100% autogenous bone or the inclusion of autogenous bone as

a component of a composite graft did not affect implant survival.
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9. There was no statistical difference between
the covariates of simultaneous versus delayed im-
plant placement, types of rough-surfaced implants,
length of follow-up, year of publication, and the evi-
dence level of the study.

Reviewers' Conclusions: Insufficient data were
present to statistically evaluate the effects of smok-
ing, residual crestal bone height, screw versus
press-fit implant design, or the effect of implant
surface micromorphology other than machined
versus rough surfaces.

There are insufficient data to recommend the
use of platelet-rich plasma in sinus graft surgery.
Ann Periodontol 2003:8:328-343.
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Inadequate alveolar bone height is a common
limitation in the placement of endosseous root-form
dental implants in the posterior maxilla. Grafting the

floor of the maxillary sinus has emerged as the most
common surgical modality for correcting this inade-
quacy. This technique, first published in 1980 by Boyne
and James1 and subsequently modified by other clin-
icians,2"10 can result in an increase in bone height that
allows the placement of implants of conventional length
in the grafted sites.

In addition to the various techniques utilized to ele-
vate the sinus floor, there are many variables that
may alter the outcome of this procedure. Among them
are simultaneous versus delayed implant placement;
the use of a barrier membrane over the lateral win-
dow; the use of various grafting materials; and the
utilization of implants with varying surface charac-
teristics, lengths, and widths. Further, the effects of
smoking and residual crestal bone height may also
influence outcomes.

The goal of this review was to assess the efficacy of
the sinus augmentation procedure by systematically
reviewing the available literature.

RATIONALE
The goal of this review was to assess the efficacy of the
sinus augmentation procedure by systematically review-
ing the available literature.

FOCUSED QUESTION
This review address the following question: "In patients
requiring dental implant placement, what is the effect
on implant survival of maxillary sinus augmentation
versus implant placement in the non-grafted posterior
maxilla?"

SEARCH PROTOCOL
Data Sources and Search Strategy
The search protocol chosen by the authors utilized 3
electronic databases: MEDLIME from 1980 through
April 2002 utilizing the Ovid search engine; the
Cochrane Oral Health Group Specialized Trials Regis-
ter through April 2002; and the Database of Abstracts
of Reviews of Effectiveness through April 2002. The
search strategy for electronic databases utilized a com-
bination of MeSH terms and text words to create both
a specific (human, English, randomized controlled tri-
als, and meta-analysis) and a sensitive database. The
search strategy and results utilized for MEDLINE are
shown in Table 1.

The search was supplemented by a thorough man-
ual search of the following journals; Clinical Oral
Implants Research, International Journal of Oral and
MaxMofaciat Implants, and Internationa! Journal of
Periodontics & Restorative Dentistry from 1980 or jour-
nal inception through the cut-off date of April 1, 2002,
along with a search of the bibliographies of all relevant
papers and review articles.

As part of the review process, researchers were con-
tacted when possible to fill in missing data or clarify
ambiguous data in previously published reports. Known
researchers, journal editors, and industry sources were
contacted to determine if pertinent unpublished data that
had been accepted for publication were available. All
search strategies were updated to extend the cut-off date
to April 1, 2003. Both the titles and abstracts from the
search were independently screened for inclusion by the
review authors. The full text of all studies of possible rel-
evance were obtained and independently reviewed by the
review authors (SSW, SJF). Disagreements at each level
of the review process were resolved by discussion.

Inclusion criteria: All studies involving the placement
of root-form screw or cylinder implants in augmented
maxillary sinuses were considered. An outcome meas-
ure of implant success or implant survival had to be
reported. As the number of randomized controlled clin-
ical trials (RCTs) was found to be limited, all levels of
evidence including controlled trials (CT), case series
(CS), and retrospective analyses (RA) were selected
for further evaluation by the inclusion criteria.

The original inclusion criteria for this review were
as follows: 1) human, English language publications;
2) minimum of 20 interventions (i.e., lateral window
sinus augmentations or osteotome elevations); 3) out-
come measure of implant success or implant survi-
val reported; 4) absence of multiple interventions (e.g.,
simultaneous ridge augmentations); 5) minimum of
1-year loaded follow-up (or a range that exceeds
1 year); and 6) a dropout/withdrawal rate of <5%.

Exclusion criteria: Studies involving multiple inter-
ventions (e.g., simultaneous ridge augmentation) and
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Table I.

MEDL1NE Search Terms and Results

1. exp Dental Implants/

2. exp Dental Implantation/

3. 1 or 2

4. exp Bone Transplantation/

5. exp Bone Remodeling/

6. 4 or 5

7. exp Maxillary Sinus

8. exp Maxilla/

9. 7 or 8

10. 6 and 9

1 1, exp Alveolar Ridge Augmentation/

12. 10 or I I

13. 12 and 3

14. maxillary sinus grafting.mp.

15. sinus augmentation.mp.

16. sinus lift.mp.

17. sinus elevation.mp.

18. 14 or 15 or I6or 17

19. 12 or 18

20. 19 and 3

21. limit 20 to (human and English language)

22. from 21 keep 1-858

23. limit 3 to (human and English language and meta-
analysis or randomized controlled trial)

24. limit 19 to (human and English language and meta-
analysis or randomized controlled trial)

25. limit 20 to (human and English language and meta-
analysis or randomized controlled trial)

4,846

9,317

11,379

13,455

25,098

36,692

5,180

11.893

16,781

1,478

1,226

2,483

1,037

10

69

79

38

170

2,516

1,058

858

858

119

24

18

studies with missing data that could not be supplied
by the study authors were excluded.

Ranking of Studies
Study quality was independently assessed by the
reviewers and the studies grouped by general cate-
gory (RCT, CT, CS, and RA).

Data Collection and Analysis
Multiple confounding relationships may result in signifi-
cant differences in the outcome measurement of implant

survival. Where adequate data existed, subgroups of
dissimilar interventions (e.g., surgical technique, graft
material) were isolated and subjected to meta-regression,
a form of meta-analysis, to identify them as possible
sources of covariance.

Data sheets were prepared to extract all data of pos-
sible relevance for statistical analysis of study variables.
The extraction was performed independently by both
reviewers to insure accuracy. Missing data were filled
in, when possible, by correspondence with the study
authors.

MAIN RESULTS
Methodological Quality
Overall study quality was deemed poor, with RCTs and
CTs accounting for only 18.6% of the included studies
(8 of 43). With modification of the inclusion criteria
agreed upon early in the process, initial agreement
between the reviewers was high with all disagreements
resolved after discussion (6 studies) or the procurement
of additional data from the study authors (6 studies).
Rating of the included studies by defined criteria such
as those of Jadad et a l . " based upon criteria including
randomization, masking, and withdrawals (loss to follow-
up) was not practical. Since loss to follow-up was
unrecorded or unclear in 18 of the 43 studies (41.9%),
this requirement was eliminated from the inclusion cri-
teria of this review. Thirty-two out of the 43 studies
(74.4%) used implant survival as the primary outcome
measure. Among those that reported implant success,
the criteria for success varied greatly. Therefore, im-
plant survival (i.e., implant remains in function, no
pain or mobility, no radiographic evidence of infection)
was chosen as the default outcome, even if both values
were given. Furthermore, in many studies implant sur-
vival was not reported for a standard time interval, but
was reported as a range. This was accepted, with a
minimum of 12 months of loading considered for inclu-
sion in this review.

Data Extraction
The search strategy revealed 893 (858 electronic
search, 35 manual search) articles of possible rele-
vance. One hundred and fifty-six (156) of these arti-
cles were evaluated in full-text version and 43 met the
modified inclusion criteria. Of these, 341 2 '4 5 utilized
lateral window interventions, 5 utilized the osteotome
technique,46"50 2 utilized localized management of the
sinus floor (LMSF),51-52 and 2 utilized crestal core ele-
vation techniques.53-54 The number of qualifying stud-
ies of each study design (RCT, CT, CS, or RA) for each
of the 4 interventions (lateral window, osteotome, local-
ized management of the sinus floor, and crestal core
elevation) are shown in Tables 2 through 5. The com-
bined raw implant data for each intervention, and the
overall combined implant data are listed in Table 6.
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