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Comparative Clinical Results After Implant 
Placement in the Posterior Maxilla With and 

Without Sinus Augmentation
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Purpose: The objective was to compare implants in the posterior maxilla with or without sinus floor
augmentation. Materials and Methods: A retrospective study was conducted of patients who received
implants in the posterior maxilla. All patients received solitary, implant-retained fixed partial dentures
or crowns. A standardized form for implant treatment was used to document the follow-up examina-
tion. The different parameters were initially analyzed descriptively by frequency distribution, measure
of central tendency, and statistical spread. A 95% level of significance was set for all tests. Results: A
total of 76 patients with 141 dental implants in the posterior region of the maxilla were evaluated.
Fifty-one patients with 71 implants received prior no augmentation (sinus floor elevation) and com-
posed the control group. Twenty-five patients with 70 implants received an additional bone transfer
prior to implant placement. The mean age of the patients at time of the follow-up examination was
49.7 years in the overall group, 52.6 years for men and 46.7 years for women. The implants inserted
in an augmented area had similar implant stability and implant loss results after a mean functional
observation period of 1.6 years (range, 0.5 to 4.7 years) compared to those inserted without augmen-
tation. Augmented implants exhibited less peri-implant bone resorption. Conclusions: The outcomes
for implants with augmentation were similar to those without augmentation. (Comparative Cohort
Study) INT J ORAL MAXILLOFAC IMPLANTS 2008;23:289–298
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Implant insertion in the posterior maxilla can be
problematic due to insufficient vertical and hori-

zontal bone volume and the proximity to the maxil-
lary sinus.1,2 In addition, the bone quality is often
unfavorable. The cancellous bone is often of low den-
sity.3,4 The technique of sinus floor augmentation
was developed to increase the vertical bone level to
accomplish primary stability of endosseous

implants.5 Sinus augmentation has proven to be a
safe procedure with predictable outcomes.6,7

With only thin cortical bone and low-density can-
cellous bone, the posterior maxilla offers low
mechanical resistance.8 In the posterior maxillary
region, vertical resorption of the jawbone and pneu-
matic enlargement of the maxillary sinus may leave
only a thin bone lamella.9

With respect to such difficulties, autologous bone
transplantation or artificial bone grafting materials
may be used to produce a satisfactory implant
site.10–15 The maxillomandibular distance has to be
considered with respect to the intended prosthetic
restoration. Graft fixation can be obtained by direct
fixation with immediately inserted dental implants or
by osteosynthesis of the bone graft, with implanta-
tion performed after complete integration of the
bone graft.16,17

In the classical sinus augmentation, an implant
site is created by perforating the buccal osseous
margin of the antrum, lifting the mucous membrane
of the antrum, and inserting bone or grafting mater-
ial into the created antrum lumen. This treatment
was first described by Boyne and James in 1980. The
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internal sinus lift is advantageous compared to exter-
nal augmentation in cases where the interocclusal
distance should not be affected.11

Bone at least 4 to 5 mm thick is necessary to suffi-
ciently secure implant stability in the unaugmented
maxilla.16 If there is not enough remaining local
bone, only augmentation can be accomplished ini-
tially. After 4 to 6 months of osseous integration of
the grafting material, dental implants can be placed.

The advantage of entrance through the lateral
antral septum is the protection of tissue integrity in
the region of the implants.18 With this combination of
augmentation and implant insertion, the spectrum of
indications for osseous implants can be expanded to
allow adequate treatment even under unfavorable
circumstances. Schliephake and Neukam ascertained
the statistically significant effect of implant length
and retention in a clinical trial including 399 dental
implants.8 Implants with a length of at least 7 mm had
a better prognosis than shorter implants.

Based on the demonstrated scientific standard of
knowledge, it was hypothesized that implant place-
ment in clinical areas affects the clinical and radio-
logic results. The purpose of the present study was to
compare the clinical and radiologic peri-implant
parameters for implants placed in the augmented or
nonaugmented posterior maxilla.

MATERIALS AND METHODS

All patients were treated with fixed dentures, such as
implant-supported single and splinted crowns. All
patients were treated at the Department of Oral and
Maxillofacial Surgery and the Department of
Prosthodontics of the University of Erlangen-Nurem-
berg and gave their written consent to participate in
the study. The patients were restored with fixed
implant-borne restorations in the posterior maxilla.
Augmentative procedures and implant placement
were performed by 2 different maxillofacial sur-
geons. The follow-up examinations were accom-
plished following a standardized study protocol.
Implant insertion was performed after a standard-
ized healing period of 6 months after sinus floor aug-
mentation. The implants were loaded 6 months after
their insertion.

Besides general patient information, such as
name, gender, and age, the patient’s medical history,
implantation, exposure, and prosthetic treatment
were recorded. Furthermore, throughout the period
for prosthetic loading, the level of bone resorption,
stability, and the periodontal conditions were evalu-
ated annually. The subjective judgment of the
patients regarding their treatment was recorded. Ver-

tical bone resorption was assessed based on
orthopantographs. To minimize radiation exposure
standardized periapical radiographs were not made.

The length of the implant was used as a reference
for the measurement of bone resorption, which was
expressed as a percentage of the implant length.
Appraisal of bone quality was performed according
to the classification of Lekholm and Zarb.19 The sta-
bility of the implant was evaluated subjectively by
the examiner and objectively by Periotest measure-
ment (Gulden, Laurertal, Germany).20 The rigidity of
the implants was assessed with the usual scale for
natural teeth.

For the evaluation of the peri-implant conditions
in the area of the emergence profile, the sulcus fluid
flow rate and the papillary bleeding index were mea-
sured. The sulcus fluid flow rate was measured with
the Periotron 600 measuring device (Harco, New
York, NY).20

The contexts of the various variables were ana-
lyzed using contingence tables and the test for inde-
pendence. A significance level of 95% was chosen.
The retention period was descriptively analyzed
using the Kaplan-Meier method. All evaluations were
performed using SPSS software version 6.1.2. for
Windows (SPSS, Chicago, IL).

RESULTS

Seventy-six patients with 141 implants were included
in the present study. Seventy implants were inserted
after preliminary sinus floor elevation. These 70
implants were distributed over 25 patients (12 women;
13 men). No patient dropouts were observed during
the follow-up evaluation. The overall mean age of the
patients at the time of re-evaluation was 49.7 years
(52.6 years in men and 46.7 years in women). Five
(20%) of the 25 patients were smokers. Of these 70
implants, 33 (47.1%) were placed in women and 37
(52.9%) in men. Six patients received only 1 implant, 8
received 2 implants, and 4 had either 3 or 4 implants.
One patient received 5 implants, 3 received 6 implants,
and 1 received 9 implants.

Augmentation Material
In all 70 implant regions, both augmentation and
implantation were performed with a temporal offset.
Augmentation was achieved with autologous bone
or a bone substitute material (Bio-Oss; Geistlich Bio-
materials, Wolhusen, Switzerland). In addition to can-
cellous bone chips, autologous bone was extracted
from the retromolar region, interforaminal region, or
the iliac crest (Table 1). No combinations of the afore-
mentioned graft materials were used.
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Control Group
For a comparative assessment, a control group of
patients who received dental implants without aug-
mentation in the maxillary molar region restored
with single or splinted crowns was selected. With the
exception of this basic criterion, the control group
was randomly chosen. The control group contained
51 patients (27 women, 24 men) with 71 implants.

Thirty-three patients (64.7%) in the control group
received only 1 implant. The mean age of the control
group was 54 years (55.3 years in male patients and
52.9 years for female patients). The peak age and the
mean age were slightly higher than those of the
sinus augmentation patients. Nine patients (17.6%)
in the control group were smokers compared to 5
(20.0%) smokers in the sinus augmentation group.

Comparison of the Test and Control Groups
The control group had more patients who received a
single implant than the sinus augmentation group, in
spite of similar numbers of total implants. All induc-
tive standard methods used for comparisons
between 2 groups emanate from independent
observance; this criterion is not fulfilled in cases of
multiple implantation. Therefore, all of the following
findings of standard tests should be interpreted as
trend statements when P is near the critical value.

Patient Population. The 2 groups were quite simi-
lar with respect to mean age (49.7 years in the sinus
floor augmented group and 54 years in the control
group). The proportions of men and women were
similar. Neither group had a significant number of
patients with risk factors such as primary diseases or
radiation of the augmented or implanted areas. The
sinus augmentation group contained a higher per-
centage of smokers (20.0%, compared with 17.6% in
the control group).

Causes of Tooth Loss. The most frequent cause of
tooth loss was periodontal disease; the second most
frequent cause was caries (Table 2).

Implant Database. There were 70 implants in the
sinus augmentation group and 71 implants in the
control group. In the sinus augmentation patients,
sufficient primary stability was achieved after all
implant insertions, and the implants were judged to
be clinically stable. Two implants in the control group
did not achieve sufficient primary stability. Postoper-
ative antibiotic prophylaxis was used in 94.3% of 
the sinus augmentation patients and in 70.4% of the
control group. No implant losses occurred in the
sinus augmentation group. In the control group,
the loss of 1 implant occurred in a patient where 
primary stability could not be achieved.

Period of Function. To critically assess the long-
term success rates of the 2 groups, subjects in the
sinus augmentation group and the control group
with similar placement periods were chosen. The
placement period was defined as the period
between implant insertion and the day of the follow-
up examination. If the period of function, defined as
the period between prosthetic rehabilitation and the
follow-up examination, is completely accomplished,
the success of the implant was assumed. Figures 1
and 2 show the periods of function in the 2 groups.
To verify possible differences in the idle period and
the period of function between the 2 groups, the
Kolmogorov-Smirnov test for the distribution of the
2 groups was used. For an examination of consis-
tency of median idle periods and periods of function,
the Mann-Whitney test was used. The Kolmogorov-
Smirnov test declined consistency regarding idle
periods (P = .003) as well as periods of function (P <
.001). The Mann-Whitney test declined both cases for
consistency concerning the median (P = .0001 in the
period of function and P = .0014 for the idle period).

Bone Situation. The evaluation of bone quantity
and bone quality was conducted with panoramic
radiographs generated at the time of implant place-
ment. All radiographs were evaluated by a single
individual.

Table 1 Distribution of Donor Regions

Donor region 
for bone grafts Frequency Percentage

Spina iliaca 34 48.6
Regio interforaminalis 17 24.3
Retromolar region 8 11.4
Cancellous bone 5 7.1
Bio-Oss 6 8.6
Total 70 100.0

Table 2 Distribution of Reasons for Tooth Loss

Frequency

Sinus Control
Cause augmentation group group 

Periodontitis 67.1 50.7
Caries 14.3 26.8
Genetically missing teeth 4.3 8.5
Trauma 4.3 4.2
Unknown 10.0 9.0
Total 100.0 100.0
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Bone Quantity. Initial bone quantity was measured
preoperatively in both groups. A higher percentage
of advanced or severe resorption was seen in the later
sinus augmentation group (Table 3). Statistical com-
parison of the 2 groups was carried out using the
Fisher exact test for the comparison of 2 probabilities.
Therefore, the criteria had to be reduced to 2 state-
ments. The grades “no resorption” and “moderate jaw
bone resorption” were pooled in 1 group, and the
remaining grades were pooled in another. The test
suggested significant differences in bone quantity (P
< .001), with the control group having better bone
quantity.

Bone Quality. The bone quality of the 2 groups
was compared based on the panoramic radiographs
using the classification system of Lekolm and Zarb19

(Table 4). Twice as much unfavorable bone quality
(class 4) was found in the group with sinus floor aug-
mentation compared to the control group. However,
when classes 1 and 2 and classes 3 and 4, respec-
tively, were pooled for a Fisher statistical comparison,
the difference between the 2 groups was not signifi-
cant (P = .2075).

Implant Length. In the sinus augmentation group,
57 (81.4%) of the inserted implants had a minimal
length of 12 mm (Fig 3) compared to 23 (32.4%) in
the control group (Fig 4). Shorter implants were used
more often in the control group than in the sinus
augmentation group. Therefore, 20 implants in the
control group were shorter than 10 mm compared to
only 5 in the sinus augmentation group.

Bone Loss. Bone resorption in the 2 groups dur-
ing the idle period was determined by comparing
the postoperative radiographs with radiographs
made on the day of the follow-up examination. The
implant was used as a reference parameter for the
evaluation of bone loss. Twenty-nine (41.4%) of the
implants in the sinus augmentation group exhibited
bone loss. Of these, 26 implants showed 25% bone
loss and 3 showed 50% loss. In the control group, 50
(70.4%) cases of bone loss were recognized, while in
21 cases no bone loss was observed (29.6%). Thirty-
nine of the 50 cases with bone loss showed a bone
loss of 25%, 7 had bone loss of 50%, and 4 had bone
loss of up to 75% (Figs 5 and 6).
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Fig 1 Period of function of implants of sinus
augmentation patients.
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Fig 2 (Below) Period of function of implants of
control-group patients.
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Table 3 Distribution of Bone Resorption Levels

Sinus 

Level of 
augmentation group Control group

resorption n % n % 

No resorption 0 0.0 8 11.3
Moderate resorption 10 14.3 36 50.7
Advanced resorption 24 34.3 23 32.4
Resorption of 27 38.5 3 4.2
cancellous bone
Extreme resorption of 9 12.9 1 1.4
cancellous bone
Total 70 100.0 71 100.0

Table 4 Distribution of Bone Quality

Sinus 
augmentation group Control group

Level n % n % 

Class 1 1 1.4 2 2.8
Class 2 15 21.4 11 15.5
Class 3 27 41.4 47 66.2
Class 4 25 35.7 11 15.5
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Fig 3 Implant length of sinus augmentation
patients.
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Fig 4 Implant length of control-group patients.
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For statistical analysis, bone loss was dichoto-
mized as “existing” and “not existing” in both groups.
The Fisher exact test comparison declined consis-
tency (P < .001). Bone loss was more frequent in the
control group. Furthermore, bone loss in both groups
was compared with respect to the different idle peri-
ods and implant lengths. Group differences were

evaluated by marginal regression models and calcu-
lated with the Mareg & Win Mareg software. Bone
resorption was classified as “yes” or “no.” In both
groups there was a significant difference between
“yes” and “no.”

Implant Stability. In the sinus augmentation
group, 69 of 70 implants were stable at the follow-up
examination. One implant was palpably mobile. In
the control group, implant mobility was palpable in 4
cases, while the remaining 67 implants were clinically
stable. As a result of the different idle periods and the
low fold number, no trend could be detected.

The results of the Periotest examination are
shown in Figs 7 and 8. The variable “Periotest value”
was regarded as consistent in the statistical analysis
for both groups. Therefore, the Kolmogorov-Smirnov
test for the examination of consistency of distribu-
tion and the Mann-Whitney test for verification of
the consistency of the medians were applied to the
data. Although the Kolmogorov-Smirnov test
declined consistency (P = .033), the Mann-Whitney
test did not decline consistency of the medians.

Sulcus Fluid Flow Rate. The sulcus fluid flow rate
was compared in both groups as a measure of cur-
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Fig 5 Idle periods of sinus augmentation patients divided into
“bone resorption” and “no bone resorption” groups.

Fig 6 Idle periods of implants of the control group divided into
“bone resorption” and “no bone resorption” groups.
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Fig 7 Periotest values in the sinus augmenta-
tion group.
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rent inflammation status. The sulcus fluid flow rates
for both groups are shown in Figs 9 and 10. The sul-
cus fluid flow rate of both groups were considered
consistent variables; thus, the Kolmogorov-Smirnov
test and the Mann-Whitney test were applied. Both
tests declined consistency (P = .0035 and P = .007).
The peak value of the distribution for the sinus aug-
mentation group was between 15 and 30; it was
between 5 and 25 for the control group. The rates for
the 2 groups did not differ significantly.

DISCUSSION

In the present study, 141 implants in 76 patients
given fixed implant-borne restorations were evalu-
ated. Twenty-five patients with a total of 70 implants
received sinus floor augmentation prior to implanta-
tion. Although implant losses did not occur in these

70 implants, no conclusion for the long-term success
of this method could be determined because the
average idle period for these implants of 1.6 years
was too short. However, several trends were noted.

The control and sinus augmentation groups con-
tained similar numbers of implants. As it was not
possible to obtain an appropriate control group,
there were differences in idle periods, time of func-
tion, and the number of patients in the 2 groups. The
mean implant length was longer in the sinus aug-
mentation group (14.3 mm) than in the control
group (11 mm). With augmentation of the sinus, a
more favorable initial situation was created, which
made the insertion of longer implants possible in
this group. In contrast, this was not possible in the
control group due to preliminary atrophic changes in
the jawbones. In a study concerning 732 implants in
the maxilla, Bahat21 verified that the probability of
loss depends significantly on the implant length,
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Fig 10 Sulcus fluid flow rates for the control group.

Fig 9 Sulcus fluid flow rates for the sinus augmentation group.
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with shorter implants being associated with a higher
risk of loss.

Because of the more favorable leverage between
the implant and denture and improved osseointegra-
tion because of a higher proportion of bone in the
mating surface of the implant, it is generally prefer-
able to insert longer implants. There is a tendency
toward greater implant length in augmented areas of
the sinus floor. However, whether sinus floor augmen-
tation is preferable to implantation in the unaug-
mented posterior maxilla has not yet been com-
pletely determined. When there is unfavorable bone
quality in the posterior maxilla, a higher loss rate may
result, and some authors postulate that a minimal
implant length of 10 mm is required in this region, a
length which was achieved in all cases in the control
group in the present study.22

No significant difference in bone quality was noted
between the 2 groups, although the bone quantity
was significantly higher in the control group. This was,
of course, expected, since augmentative procedures
are only indicated in cases where there is an insuffi-
cient amount of bone. Following the classification of
Atwood, Watzek et al23 recommended sinus floor aug-
mentation for resorption class 4. Bone resorption was
observed in 29 cases (41.4%) in the augmented
patients during the observation period. In 26 cases,
the resorption was less than 25%. In only 3 (4.3%)
cases, the resorption was between 25% and 50%. No
bone resorption was noted in the 41 remaining
implants. In the control group (71 implants), 50
implants exhibited bone resorption, with up to 25%
resorption in 39 implants and more than 50% in the
remaining 11. Bone resorption rate in the control
group was significantly greater. In a study by Adell et
al,6 124 successfully inserted implants in the posterior
maxilla showed a mean bone resorption of 1.5 mm.
This represents an average description of an augmen-
tation height of 10 mm. The majority of sinus floor
augmentation patients in the present study had bone
resorption in a similar range after 1 year. The relatively
low bone resorption in the patients evaluated in the
present study corresponds to the findings of Raghoe-
bar et al,24 who evaluated 93 implants with a mean
bone resorption of less than 1 mm after 6 months in a
group of 47 patients with sinus floor augmentation. In
only 1 case was more resorption evident, but it was
less than 25%.

Although the observation period was relatively
short, the majority of resorption of augmented mater-
ial occurred in the initial 6 months after augmenta-
tion. The proximate resorption is usually equivalent to
atrophic changes in unaugmented areas. It appears
that transplants in sinus floor augmentations show
the usual resorption rates for augmentative proce-

dures.25,26 As mentioned earlier, the control group
showed significantly greater bone resorption in the
follow-up examinations. In a follow-up examination
of 219 implants, increased bone resorption in the
posterior maxilla was reported.27 Capacity overload of
the remaining bone by means of induced loading
forces via implants may explain this phenomenon.

The comparison of the implant stability of the
augmentation and control groups showed no signifi-
cant differences between the clinical evaluation and
the evaluation with the Periotest system. In both
groups, more than 94% of the implants were clini-
cally stable. As more than 90% of the implants
showed clinical stability (98.6% in the sinus floor
augmented group and 94.3% in the control group),
no clinically relevant difference between the 2
groups was found.

In sum, the sinus floor augmentation group was at
least equal to the control group with respect to
implant stability and peri-implant bone resorption.
The treatment can be considered successful during
the observation period. Certainly no prognosis can
be derived from these findings, because the observa-
tion period was relatively short, and not all the
patients treated at the authors’ clinic with sinus floor
augmentation were evaluated. Nevertheless, there
was no significant difference between implantation
in augmented sinus floors and implantation in
unaugmented tissue.

The peak sulcus fluid flow rates in the 2 groups
were similar; the statistical analysis showed no con-
sistency. Most of the values in the sinus floor group
ranged between 15 and 30 and between 5 and 25 in
the control group. In both groups, only a few explic-
itly higher values were found.

Sinus floor augmentation is a successful therapeu-
tic procedure to improve the implant bed. Smiler et
al28 concluded that sinus floor augmentation is a
good operative procedure in cases of atrophic jaw
bone in the posterior maxilla. Jensen et al29 achieved
a success rate of 93.5% after 5 years for their sinus
floor augmentations. Tidwell et al9 achieved similar
results in 48 patients who had received 203 implants.

Measurement of the amount of bone remaining in
the posterior maxilla as an indicator by which to
compare implantation in augmented bone with
implantation in unaugmented bone is controversial,
as is using the minimum implant length required in
the posterior maxilla. Some authors postulate that a
minimum of 10 mm of remaining bone is required
for successful implantation without augmentative
procedures in the maxilla.30 Raghoebar et al7 defines
the limit at 8 mm, while the benchmark of Neukam
et al31 was between 8 and 10 mm. With the inevitable
distortion of radiographic methods, no accurate
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assessment of the remaining bone level can be con-
ducted, leaving the implant length more or less a
theoretical issue.

CONCLUSION

Due to its bone structure, the maxilla is less favorable
for implantation, which leads to higher loss rates. A
minimal implant length of 10 mm in the maxilla is
postulated to improve the success rate. Therefore,
favorable loading forces for the remaining bone are
expected. In cases of advanced atrophy in the poste-
rior maxillary region, only razor-thin bone levels
remain, and in these cases the sinus floor augmenta-
tion can increase the bone level. This was demon-
strated in the present study, where the implant
length in the augmented group averaged 13.5 mm
compared to 11 mm in the control group.

After a mean functional observation period of 1.6
years (range, 0.5 to 4.7 years), implants placed in
regions with sinus floor augmentation were similar
to those in a control group with single implantation
in the posterior maxilla with respect to implant rigid-
ity and implant loss. The augmented group appeared
to be superior in terms of peri-implant bone resorp-
tion. With the observation period being relatively
short in this study, no general statistical differences
between implants placed in augmented regions and
in the remaining alveolar crest could be drawn con-
cerning clinical and radiographic parameters. Long-
term success of sinus floor augmentation must be
proven in studies with a longer observation periods.
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