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Abstract

Aim: To undertake a systematic review for the association between the initial alveolar
bone height and the success of dental implants with sinus elevation procedures.
Materials and Methods: An online search was performed using the following
electronic databases: PubMed, Medline, Science Direct, and Blackwell synergy. Two
investigators independently assessed publications for inclusion and extracted data.
Meta-regression analyses were used to test the associations between the initial alveolar
bone height and implant survival with lateral window or osteotome sinus elevation
procedures.

Results: Of 635 studies, 21 were included for analysis. A quadratic curve-fitting meta-
regression showed an increasing trend of implant survival rate with greater initial bone
height for the lateral window technique (p <0.0001, adjusted R?=0.97). The result of
the meta-regression for hazard rates showed a decreasing trend (p = 0.0041, adjusted
R*=0.89). No association was found for the osteotome technique.

Conclusions: For the lateral window technique, meta-regression analysis suggested a
positive association between the initial alveolar bone height and implant survival rates.
No relationship was found between the initial alveolar bone height and implant
survival rate for the osteotome technique due to a lack of data below 4 mm of initial
bone height.
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Implant therapy in the posterior region
of maxilla is a great challenge due to its
anatomic features. In addition to the low
bone density frequently found in this
area, the resorption of edentulous alveo-
lar crest and the pneumatization of
maxillary sinus usually give rise to an
inadequate alveolar bone height. Max-
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illary sinus floor elevation is a well-
accepted procedure to resolve the pro-
blem. This surgical technique, first
presented by Tatum at an Alabama
implant conference in 1976 (Tatum
1986) and subsequently published by
Boyne and James in 1980 provides a
way to increase the alveolar bone height
and to facilitate implant placement.

To date, there are two common
approaches to maxillary sinus floor ele-
vation: the lateral approach and crestal
approach. The lateral approach, the so-
called lateral antrostomy or lateral win-
dow technique, was originally described
by Tatum (1986). After Tatum’s initial
crestal approach using socket formers

(Tatum 1986), Summers (1994a) advo-
cated a new approach: the osteotome
technique. Compared with the lateral
window approach, the osteotome proce-
dure is now considered a less-invasive
technique. It is reported to reduce opera-
tive time and post-operative discomfort.
It requires less grafting material and also
improves peri-implant bone density,
thereby allowing greater initial stability
of implants. Despite having so many
advantages, the crestal approach has
nevertheless some restrictions on patient
selection. The most critical one is the
initial alveolar bone height.

Numerous articles have discussed
the influence of graft materials, implant
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surface preparation, and timing of im-
plant placement on the success of
implant therapy combined with sinus
lift procedures. However, only a few
clinical reports have discussed the issue
of initial alveolar bone height. For
instance, the decision between one- or
two-stage approaches for lateral window
procedure, is generally thought to be
based on initial alveolar bone height.
An early study (Smiler et al. 1992)
suggested that a two-stage procedure
would be indicated when alveolar cres-
tal bone is <34 mm. Fugazzotto
(1994) suggested that 4 mm of initial
bone height appeared to be sufficient
to give the implants sufficient stability
and allowed to place implants simulta-
neously with the sinus lift procedure.
In 1998, a clinical study (Zitzmann &
Scharer 1998) proposed criteria for
selecting procedures of sinus floor ele-
vation. In patients with severe resorp-
tion, such as those with bone heights of
4mm or less, the two-step lateral
antrostomy was indicated. With residual
bone heights of 4-6 mm, simultaneous
implant placement could be performed.
Several studies have made similar
observations and suggestions for 4—
Smm as the minimum initial bone
height for the one-stage procedure
(Peleg et al. 1999, Mazor et al. 2000,
Toffler 2004a,b, Woo & Le 2004).

For the osteotome procedure, it has
been suggested that there should be at
least 5-6mm of alveolar crestal bone
remaining below the sinus floor when
this indirect sinus elevation is performed
together with implant placement (Sum-
mers 1994b). A prospective clinical
study showed that when more than
6 mm of residual bone height was pre-
sent, the osteotome technique could
increase 3—4 mm bone height, and the
success rate was about 95% after 30
months of follow-up (Zitzmann &
Scharer 1998). Another multicentre ret-
rospective study also reported a high
survival rate of 96%, when the pre-
treatment bone height was >5 mm, but
it was reduced to 85.7% when the pre-
treatment bone height was <5mm
(Rosen et al. 1999).

A consensus report in a recent Eur-
opean Workshop on Periodontology
(Tonetti & Hidmmerle 2008) indicated
that in cases with <6mm of residual
bone height, 17% of subjects experi-
enced implant loss in the first 3 years
following the lateral window procedure
(Pjetursson et al. 2008). For the osteo-
tome procedure, better results were
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found in patients with > 5 mm of resi-
dual bone (Tan et al. 2008). The aim of
this study was, therefore, to undertake
a meta-analysis on the associations
between the average initial alveolar
bone height and implant survival rates,
and to examine whether the associations
were different for these two sinus lift
procedures. In this study, we also looked
at whether there is an optimal residual
alveolar bone height, such as 5mm,
recommended commonly in the litera-
ture for maxillary implant placement
combined with sinus floor lifting using
lateral window or osteotome technique.

Materials and Methods

Aim

The research question of this systematic
review was ‘‘What is the impact of the
initial alveolar bone height (residual
bone height) on implant survival with
either the lateral or vertical approach in
patients receiving dental implant ther-
apy combined with a sinus lift proce-
dure?”” We attempted to assess whether
the initial alveolar bone height is a
critical factor for the success of sinus
elevation surgery and whether there
are differences in the outcomes between
the lateral window and osteotome
techniques.

Literature search

A comprehensive online search for all
related articles up to September 2009
was performed using the following elec-
tronic databases: PubMed, Medline,
Science Direct, and Blackwell synergy.
Keywords used for the search included
““maxillary sinus, sinus elevation, sinus
lift, sinus augmentation, sinus graft,
bone grafting, osteotome, Caldwell
Luc, lateral window, crestal approach,
and dental implants’’, which were used
alone or in combination. Non-English
publications without English abstracts
were not considered. Additional hand
searches included International Journal
of Oral and Maxillofacial Implants and
The International Journal of Perio-
dontics and Restorative Dentistry from
1994 to September 2009, along with the
bibliographies of relevant papers and
review articles.

Selection and data extraction

All studies obtained from the above
search were first screened on the basis
of titles and abstracts. The full texts of
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identified studies were retrieved for
in-depth evaluation. Screening and
selection of papers for inclusion were
conducted independently by two inves-
tigators (Y. L. C. and C. C. M.) accord-
ing to the following inclusion criteria:

(1) human case series reports, prospec-
tive clinical studies, or randomized
clinical trials;

(2) root-form/cylinder implants placed
in the augmented maxillary sinus;

(3) no additional surgical intervention
(e.g., onlay ridge augmentation);

(4) implant success/survival reported;

(5) a minimum of 10 patients;

(6) a mean follow-up time of at least 18
months after implant placement or
12 months after loading;

(7) pre-operative initial alveolar bone
height measured and reported; and

(8) no sinusitis or other systemic dis-
ease in subjects.

For each eligible study, two investi-
gators independently extracted data
regarding the study design, surgical
technique, the number of participants,
initial alveolar bone height, implant
survival evaluation, and duration of fol-
low-up. Disagreements were resolved
by discussion and consultation with an
instructor for a third opinion. Inter- and
intra-reviewer reliability was measured
by Cohen’s « coefficients (Rigby 2000).

Statistical analysis

In order to investigate the impact of the
initial alveolar bone height on implant
survival following a sinus lift procedure,
we extracted information from each
study to conduct the first meta-regres-
sion analysis with the mean initial
alveolar bone height treated as the inde-
pendent variable and the survival rate of
implants as the dependent variable. As
the cumulative survival rate in each
study was affected by its follow-up
time, we used the hazard rate to analyse
the outcome measurement in the second
meta-regression analysis in order to
reflect an instantaneous potential for an
event in a very short time in the subject
at risk. The hazard rate in our study was
defined as the failure rate of an implant
per month. The hazard rate of each
study was calculated using the conven-
tional formula of 1 = — log(S/T), where
S represents the survival rate and T the
follow-up time (in months). The linear
regressions including either the linear
term only or a combination of linear and
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quadratic terms for both analyses were
performed. The weights in both regres-
sion models were the number of
implants in each study. By applying
the regression equation, the probability
of implant survival at any given residual
alveolar bone height was estimated. The
meta-regression analyses were underta-
ken using the function metareg in the
statistical software package Stata ver-
sion 10.1 (StataCorp., College Station,
TX, USA).

Results
Data extraction

The flow chart for the literature search is
shown in Fig. 1. An initial search iden-
tified 635 relevant studies and 438
full-text papers were retrieved for a
more-detailed evaluation. In total, 22
studies met the inclusion criteria: 13
utilizing the lateral window technique

Potentially relevant studies
identified and screened for
retrieval
N =635

and nine utilizing the osteotome techni-
que. Two studies using the lateral tech-
nique were deemed duplicate except for
the follow-up time, and the earlier one
was excluded. The 12 studies using the
lateral window technique contributed
406 patients and 1644 implants to the
analysis, and the nine osteotome techni-
que studies contributed 383 patients and
618 implants. The details of the
included studies are summarized in
Tables 1 and 2.

Validity assessment

The inter-reviewer reliability was mea-
sured by Cohen’s k coefficients and
yielded a value of ¥ =0.89. The intra-
reviewer reliability levels of the two
investigators were x =0.95 and 0.93.
Both inter- and intra-reviewer k-values
indicated an excellent agreement (Landis
& Koch 1977, Kundel & Polansky 2003).

> basis of title and abstract

Full-text paper retrieved for
more detailed evaluation
N =438

Appropriate studies satisfying
all inclusion criteria
N=22

Studies excluded on the

N=197

Studies excluded for not
fulfilling inclusion criteria
N=416

Exclude multiple publications

A 4

Final included paper:
Lateral window technique, N=12
Osteotome technigue, N=9

Fig. 1. Flow chart.

of the same pool of patients
N=1

Meta-regression analysis for the lateral
window technique

The results of the meta-regression mod-
el showed a significant trend, indicating
that the implant survival rates increased
with a greater residual bone height
(adjusted R> = 0.83, Fig. 2). The quad-
ratic meta-regression model fit the
empirical data even better (adjusted
R*=0.97, Fig. 2). The implant survival
rate showed an increasing positive trend
when the initial bone height rose from
approximately 1 to 5mm, and became
stable at a high survival level when the
initial bone height was >5mm or so.

Considering that different follow-up
times across studies might have influ-
enced the outcome measure of implant
survival, we transformed implant survi-
val into a hazard rate as described pre-
viously. Two of the 12 studies did not
provide a mean value for follow-up
time and were excluded from this cal-
culation. The results of the quadratic
regression model showed a well-fitted
curve (adjusted R* = 0.89, Fig. 3). With
increasing initial alveolar bone height,
the hazard rate for the failure of an
implant significantly declined.

Meta-regression analysis of the
osteotome technique

Figure 4 shows the results for the osteo-
tome technique. There was no evidence
of a linear (p = 0.56 for linear term) or a
quadratic trend (p =0.51 for quadratic
term) in the relationship between initial
alveolar bone height and implant survi-
val rates. Similar results were found in
the hazard rate analysis (p =0.34 and
0.49 for the linear and quadratic trend,
respectively). However, it was noted
that the initial bone height in all of the
included studies was no <4 mm.

Discussion

The initial alveolar bone height has been
considered as an important factor for
selecting sinus lift procedure for implant
placement. The aim of this study was to
evaluate the impact of the initial bone
height on the survival rates of dental
implants treated with different sinus lift
procedures. We hypothesized that there
might be two different implant survival
curves for the lateral window and osteo-
tome techniques. These two curves
might cross at approximately 4-6 mm
of residual bone height as 5mm of
alveolar bone has been suggested as

© 2010 John Wiley & Sons A/S
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Table 1. (Contd.)
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augmentation

the minimum bone height required for
the osteotome procedure (Summers
1994a,b, Rosen et al. 1999, Deporter
et al. 2000, 2005, Reiser et al. 2001,
Berengo et al. 2004, Toffler 2004a,b,
Woo & Le 2004). Nevertheless, our
results suggested that there is a positive
association between initial alveolar
bone and implant survival rates for the
lateral window technique, but no such
relationship was found for the osteo-
tome technique.

Lateral window technique

Results from our study appear to support
that the initial alveolar bone height may
be crucial for implant survival with the
lateral window technique. As shown in
Fig. 2, the implant survival rates were
well-fitted by a quadratic trend. When
the expected survival rate on the y-axis
is set as 96%, as that of ITI and Brane-
mark implants with up to 10 years of
follow-up (Schnitman et al. 1997,
Noack et al. 1999, Lambrecht et al.
2003, Blanes et al. 2007), a minimal
initial bone height of 4.03 mm may be
required according to Fig. 2.

The trend of this quadratic model
may be explained by considering the
influence of the primary implant stabi-
lity and sinus membrane perforation. It
has been suggested that a residual bone
height of <4-5 mm was associated with
reduced primary implant stability (ten
Bruggenkate & van den Bergh 1998,
Nkenke et al. 2002), and primary
implant stability is crucial for successful
osseointegration (Lioubavina-Hack et al.
2006). This concept is in agreement
with our findings from the quadra-
tic meta-regression in Fig. 2. Probably
due to the reduced primary implant
stability, a residual bone height of
<4mm was correlated with poorer
implant survival rates in our analysis.

As to the complications associated
with sinus augmentation, maxillary
sinus membrane perforation was found
to occur more frequently with a shorter
height of the residual alveolar bone
mainly due to technical difficulties
(Ardekian et al. 2006, Shalabi et al.
2007). It has also been suggested that a
larger amount of the Schneiderian mem-
brane may have to be elevated when
dealing with a smaller initial alveolar
bone height, which might lead to an
increased risk of sinus membrane per-
foration (van den Bergh et al. 2000).
Furthermore, perforation and repair of
the sinus membrane may jeopardize new

© 2010 John Wiley & Sons A/S
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Fig. 3. Lateral window technique. Scatterplot and meta-regression of the implant hazard rate

against the initial alveolar bone height.

bone formation and implant survival
(Proussaefs et al. 2004). These findings
supported our results that the initial
bone height may affect the survival rates
of dental implants in lateral sinus aug-
mentation (Fig. 2), in spite of the dif-
ferent opinions from some recent studies
(Barone et al. 2006, Karabuda et al.
2006), which showed no correlation
between sinus perforation and the
osseointegration process or the subse-
quent implant failure rate.

Osteotome technique

The results regarding the osteotome
technique did not show a significant

relationship between the initial alveolar
bone height and implant survival rate.
The explanations may be the higher
reported implant survival following
osteotome techniques (Tan et al. 2008,
Tonetti & Hidmmerle 2008) and the
patient selection criteria in terms of
residual bone height adopted by studies
using the osteotome technique. All the
included studies reported high success
rates, and the range of initial bone
heights were 4-9 mm. This appears to
suggest that most studies tended to
observe the rule of ‘‘minimal bone
height’” when selecting patients for
this surgical technique. Therefore, the
implant survival rates with <4mm of
bone height are not available in the

literature. If we excluded studies with
<4mm initial bone heights using the
lateral window technique, the positive
relationship would diminish, as the
remaining studies had a survival rate
close to 100%. Therefore, while we did
not find a positive association between
the implant survival rates and initial bone
heights among studies using the osteo-
tome technique, this does not mean the
survival rates would be the same irre-
spective of any initial bone height.

From the present data (with all bone
heights exceeding 4 mm), there is a
greater variation in implant survival
rates among the osteotome group than
the lateral window technique. In our
opinions, the osteotome technique is a
blind procedure and is highly technique
sensitive. Clinicians who have little
experience in doing such a procedure
may have a greater risk of perforating
the sinus membrane without noticing that
perforation has occurred. In addition,
several ‘‘modified’’ crestal approaches
such as the localized management of
the sinus floor (Bruschi et al. 1998,
Winter et al. 2002), crestal core elevation
techniques (Toffler 2001, Fugazzotto &
De 2002), and hydraulic pressure techni-
que (Chen & Cha 2005) were proposed,
and a great variety of operative skills
were used. All of these uncertainties
might have contributed to the wide diver-
sity of implant survival rates when using
the osteotome technique.

Use of bone grafts in sinus lifting surgery

Apart from the initial bone height, sev-
eral other factors may be associated with
survival rates of implants placed with
sinus lifting techniques, e.g., the use of
bone augmentation materials (Pjeturs-
son et al. 2008). To assess the role of
bone grafting, it may be incorporated as
a covariate in the meta-regression ana-
lysis. However, while there were only
12 and nine studies included in our
meta-analysis for lateral window and
osteotome techniques, respectively, sev-
eral different bone grafting materials
were used in those studies as shown in
Tables 1 and 2. For instance, in studies
using the lateral window technique,
three studies did not use any bone grafts,
one used autogenous bone grafts, one
used synthetic bone grafts, and six used
autogenous bone in conjunction with
allografts or synthetic bone grafts. This
made a quantitative estimation of the
types of bone grafts almost impossible
due to a lack of degree of freedom, as
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alveolar bone height.

there are too many interaction terms to
be included in our meta-regression.
Therefore, we assigned studies into
two groups: those with or without bone
grafts by disregarding the different types
of bone grafts being used. Results show
that in quadratic models, the interaction
between bone grafts and initial bone
height are not statistically significant,
i.e., our study does not find differential
associations between the use of bone
grafts and implant survival rates with
the consideration of the initial bone
height. Nevertheless, this does not
necessarily mean that the use of bone
grafts does not improve implant survi-
val, as our meta-regression has rela-
tively low statistical power owing to
the limited number of studies included.
It is also noted that studies without the
use of bone grafts tended to have greater
initial bone height, and this made esti-
mating the impact of bone grafts on
implant survival complicated.

Treatment selection

Inclusion criteria for the lateral and
osteotome techniques were proposed
by certain studies (Zitzmann & Scharer
1998, Fugazzotto 2003). The proposed
hierarchy of treatment selection was
primarily based on clinical experience
and a literature review. In this study, a
relationship between the implant survi-
val rates and initial bone height was
found for the lateral window technique
but not for the osteotome technique,
although, this appears to contradict the
general consensus that 4-6 mm of initial

© 2010 John Wiley & Sons A/S

alveolar bone height can be used as a
single deciding factor for surgical selec-
tion between the lateral window and
osteotome techniques. However, we still
noted that an initial alveolar bone height
of >4 mm was associated with higher
survival rates when using the lateral
window technique. Whether there is a
critical initial bone height for the suc-
cess of maxillary implants with the
osteotome technique, as suggested by
the current consensus, requires more
research.

Limitations of our study

In order to minimize the bias caused by
different follow-up times across the
studies included, we also conducted a
hazard function analysis. The hazard
function defines the probability of
implant loss as a function of time.
Therefore, a 1-year follow-up study
could be compared with a 10-year fol-
low-up study. Figure 3 shows that the
hazard function is well fitted by a
reverse quadratic curve. This finding
also confirms the association between
the residual alveolar bone height and
implant survival using the lateral win-
dow technique shown in Fig. 2.
However, there are some theoretical
assumptions behind this method. We
assumed that the incidences of implant
loss were equally distributed throughout
the follow-up period, but the risk of
implant failures might be greater in the
first year of implantation. For instance,
one study suggested that when implants
failed, they did so soon after placement,
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and the likelihood of failure steadily
decreased through the first 5 years
(Weyant & Burt 1993). As a result, we
might have overestimated the failure
probability of studies with shorter fol-
low-up periods. To overcome this lim-
itation, using individual implant data for
meta-analysis is required instead of
using the aggregated data with the aver-
age value of the initial alveolar bone
from each study.

The number of included studies in this
systemic review was not large. Only 21
of 635 articles met our selection criteria,
and most of them are prospective clinical
studies or case reports with a great
variety of study designs, implant types,
timing of implant placement, prosthesis
designs, implant numbers per patient
(Weyant & Burt 1993, Naert et al.
2002), patient age and gender, smoking
habits, membrane or graft materials used,
and quality of local alveolar bone. There-
fore, it needs to be cautious in the
interpretation of our findings. Further-
more, the evaluation criteria for implant
success or survival were not uniform
among these studies. As discussed pre-
viously, the different lengths of follow-
up time even made it difficult to directly
compare results across studies.

Conclusions

Results of this systematic review found
a positive relationship between the initi-
al alveolar bone height and implant
survival rate among the lateral window
technique. No such relationship was
found for the osteotome technique, and
this might be attributed to the fact that
the initial bone heights in all the studies
using osteotome techniques were greater
than 4 mm. It should be noted that the
lack of such a relationship should not be
interpreted that the osteotome technique
can be used regardless of the level of
initial bone height. More research is
required to ascertain the role of initial
bone height in the success of implant
placement with the osteotome technique.
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Clinical Relevance

Scientific rationale for study: Lim-
ited evidence was available regard-
ing selecting the sinus elevation
procedure for maxillary implants.

Principal findings: Our results failed
to support that 4—-6mm of initial

alveolar bone height is a deciding
factor for choosing between the lat-
eral window and osteotome techni-
ques.

Practical implications: For maxillary
implants placement with the lateral
window procedure, an implant survi-

val rate of 96% may be expected if
the initial bone height is at least
4mm. Critical initial bone height
for implants with osteotome techni-
ques cannot be estimated due to a
lack of data for initial bone height
<4 mm.
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