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Purpose: The aim of this study was to evaluate single-tooth implant-supported restorations placed in
conjunction with several methods of maxillary sinus augmentation. Materials and Methods: A retro-
spective review was conducted of all consecutively treated patients who received single-implant tooth
rehabilitation in combination with sinus augmentation. Implant survival rate and peri-implant condi-
tions, such as marginal bone resorption (mm), pocket depth (mm), Plaque and Bleeding Indices, and
Periotest values, were compared for the different augmentation procedures. Results: Fifty-one
patients were treated with 54 screw-type single implant-supported restorations in the posterior maxilla
in combination with isolated sinus floor augmentation. Depending on the residual ridge height and the
intended augmentation height, sinus lift elevation was performed either in a 1-stage lateral approach
(25 patients, 28 implants), in a 2-stage lateral approach (12 patients, 12 implants), or with the
osteotome technique (14 patients, 14 implants). The predominant use of long implants provided for a
favorable implant-crown ratio (> 1.0) and produced an overall clinical survival rate of 100% over the
observation period (44.5 £ 22.7 months), with no differences between the augmentation procedures
and implant types used. The most frequent site for single-tooth replacement in combination with sinus
floor augmentation was the first molar region (61%). Implants with wider diameters (94% = 4.3 mm)
were used in this region. The most frequent intraoperative complication was tearing of the sinus mem-
brane (58%) as a result of the restricted access for the lateral 1- or 2-stage approach, and the most
frequent prosthetic complication was crown loosening. Conclusion: On the basis of this retrospective
review, the following was observed: (1) Successful function and excellent peri-implant parameters may
be anticipated for single implant-supported restorations placed in conjunction with sinus elevation pro-
cedures. (2) Clinical and radiographic examinations demonstrated similar conditions for single-tooth
restorations despite the use of different surgical approaches to sinus augmentation. (More than 50
references.) INT J ORAL MAXILLOFAC IMPLANTS 2007;22:351-358
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n the posterior maxilla, standard implant place-
ment is often restricted because of generally
reduced bone quality and quantity.'-3 During the last
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3 decades, surgical procedures have been developed
to increase the local bone volume, thus allowing the
placement of implants in the posterior maxilla in
patients with initially insufficient bone height.3= In
situations where the lack of sufficient bone volume is
related to an enlarged maxillary sinus, sinus floor ele-
vation has been advocated to allow implant place-
ment even when the posterior maxillary region has
undergone severe bone resorption.>~> Among the
variety of sinus floor elevation techniques described
in literature, the 1- or 2-step lateral approach and the
crestal approach using the osteotome technique are
the most widely used.346-12

The surgical technique chosen may depend on
the residual ridge bone height, the implant length,
and the amount of bone grafting required.>*°'2 Var-
ious types of grafting materials have been success-
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Fig 1 Preoperative panoramic radiograph
demonstrating insufficient alveolar bone for
a single implant-supported restoration in
the first molar region.

fully utilized for sinus augmentation, especially when
using the lateral approach. Autogenous bone,
xenogenic bone, or a mixture of materials may be
used for sinus augmentation; all of these have been
associated with high success rates.3#6-8 The number
of stages used (1 or 2) depends on the residual ridge
height (ie, being greater or less than 5 mm) and on
the possibility of achieving primary stability of
implants placed.*%°12 According to standard proto-
col, the osteotome technique can be used when the
ridge height is more than 6 mm where implants are
placed simultaneously with elevation of the sinus
floor.>~1" In contrast to the nearly unlimited possibili-
ties of membrane elevation in the antrostomy tech-
nique, the osteotome procedure cannot be used to
elevate the sinus membrane more than 5 or 6
mm.'213 Regardless of the surgical procedure
selected and the augmentation material used, sinus
augmentation can be a successful treatment option
for implant placement in primarily reduced maxillary
posterior regions.3~12

Although modern surgical techniques and the
patients’ wishes of achieving optimal rehabilitation
have led clinicians to consider sinus lift augmenta-
tion even for single implant-supported restorations,
there is still a paucity of detailed reports on single
implant-supported restorations used in conjunction
with maxillary sinus augmentation. A number of arti-
cles describe high survival and success rates of sin-
gle-tooth implants and restorations.’*'° However,
most of the studies describe evaluations of single
implant-supported restorations predominately
placed in the maxillary esthetic anterior region or are
sampled investigations of implant placement in
overall jaw locations.’=17.19-21 There is a lack of
detailed information on the combined results of sin-
gle-tooth implants placed in conjunction with sinus
elevation.?? The present study reports the results of
single implant-supported restorations placed in
maxillary bone augmented using either the
osteotome or lateral augmentation technique.
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MATERIALS AND METHODS

Patient Selection

A retrospective review was conducted of all patients
who underwent single implant placement in the
posterior maxillar with sinus augmentation using the
osteotome or lateral augmentation technique from
March 1996 through October 2003.

All patients had been treated at least 2 years, and
all were included in a regular recall program. Patients
were treated with maxillary single-tooth implant-
supported restoration in conjunction with sinus floor
augmentation if (1) their remaining teeth were
intact, (2) the teeth adjacent to the edentulous areas
were treated with minimal/optimal prosthodontic
restorations (inlay/crowns), or (3) the teeth adjacent
to the edentulous area showed signs of periodontal
bone resorption precluding the fabrication of fixed
partial dentures.

Implants

Screw-type implants were used for all patients—
either Frialit-2 (step screw; Friatec, Mannheim, Ger-
many) or Camlog implants (root-form implants; All-
tec, Wurmberg, Germany) at least 13 mm long and
3.3 to 5.5 mm in diameter. Implants were placed
using a 2-stage procedure either early (6 to 8 weeks
after extraction) or late; a healing time of 6 to 9
months was accomplished, as described in previous
studies.’*17

Sinus Augmentation Procedures

The sinus augmentation procedure recommended
depended on the vertical dimension of the residual
bone between the alveolar crest and the maxillary
sinus floor (Fig 1). Selection of the appropriate surgi-
cal procedure was also influenced by the crown and
implant lengths needed to achieve an implant-crown
ratio greater than 1.0. Either the 1- or 2-stage lateral
approach antrostomy technique or the crestal
approach using the osteotome technique was used.
The 2-stage approach was chosen when residual
bone height was < 5 mm. The 1-stage technique was
used only when residual bone was greater than 5 mm
and primary implant stability was achieved. For both
lateral approaches (1-stage or 2-stage), antrostomy of
the maxillary sinus was done without preparing a
facial bone lid (hinge door). Only a round access hole
was prepared in the maxillary facial wall extending to
(but not disturbing) the adjacent roots. The sinus
membrane was elevated in traditional fashion to per-
mit placement of a 15- to 16-mm-long implant (Fig
2a). Because of the smallness of the access hole, tear-
ing of the sinus membrane was considered an intra-
operative surgical complication and was compared

COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS
ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER



Krennmair et al

Fig 2 (a) Antrostomy access after dissec-
tion and elevation of the sinus membrane.
(b) Bone graft was condensed around the
implant body, filling the buccal window.

Fig 3 (a) Postoperative panoramic radiograph showing a root-form implant (Camlog) in the augmented sinus. (b and c) Postoperative
panoramic and cross-sectional CT scans showing supporting bone around the implant in the augmented sinus.

between the 1- and 2-stage procedures. The elevated
area of the maxillary sinus was filled with a mixture of
autogenous bone graft (harvested from the maxillary
tuberosity and/or using collected bone particles from
drilling) and Bio-Oss (Geistlich, Wolhusen, Switzer-
land; Fig 2b). The lateral access window was covered
with a bioresorbable collagen membrane (Bio-Gide;
Geistlich). Healing time varied between 6 and 9
months, depending on the type of procedure (1- or 2-
stage) and on the augmentation volume. Postopera-
tive radiography of the maxilla (orthopantomogram,
computerized tomographic [CT] panoramic and
cross-sectional scans) is shown in Fig 3.

The osteotome technique was used when only a
small amount of augmentation (= 3 mm of vertical
height) was necessary to place implants of the
length desired. Sinus membrane perforation was
evaluated by manual testing and the Valsalva pres-
sure test. For the osteotome technique apical aug-
mentation was carried out using Bio-Oss alone. A
healing time of 6 months was required.

Follow-up

All patients included were part of a regular recall pro-
gram. They were initially evaluated at intervals of 3 to
6 months for the first year and annually thereafter. The

recall program included assessments of peri-implant
marginal bone loss (mm), pocket depth (mm), the
Plaque and Gingival Indices (grade of 0 to 3), implant
mobility (Periotest; Siemens, Bensheim, Germany), and
implant survival time (in months), as described in pre-
vious studies.?3-2> Marginal bone resorption for the
implants was assessed radiographically using the
method of Gomez-Roman et al.2® The radiographic
evaluation included an orthopantomogram and/or
single periapical radiographs using the paralleling
technique. The initial postoperative radiograph was
compared with the most recent one. Mesial, distal, lin-
gual, and buccal pocket depth were measured using a
calibrated periodontal probe (Hu-Friedy, Chicago, IL).
For all implants, the implant mobility was measured
with the Periotest at the abutment close to the
implant edge when the prostheses were removed for
cleaning or for checking of the abutment screws dur-
ing at least 1 postplacement examination.

At the last follow-up, prosthodontic complications
were assessed. All clinical data were obtained to eval-
uate the results of single-tooth implants placed in
augmented maxillary sinuses at least 2 years after
the completion of prosthetic treatment. Evaluated
parameters were described and compared for the
different surgical procedures.

The International Journal of Oral & Maxillofacial Implants 353

COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS
ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER



Krennmair et al

Table 1 Patient Characteristics, Implant Length, Intended Prosthetic Crown Length, Implant-Crown Ratio,

and Residual Ridge Height by Sinus Augmentation Procedure

Patients

Implant Crown Implant-crown Residual ridge
Sinus lift technique Female Male Total Implants length* (mm) length* (mm) ratio* height* (mm)
1-stage antrostomy 15 10 25 28 15.6+0.3 11.6+1.3 1.36+0.14 7.8+0.8
2-stage antrostomy 6 6 12 12 16.0 12.0+ 1.0 1.33+£0.11 3.5+0.8
Osteotome techinique 11 3 14 14 14.7+1.3 11.6+1.1 1.21+£0.12 9.6+0.9
Total 32 19 51 54 15.4+0.5 11.7+1.1 1.31+£0.12 6.7+0.9
Fig 4 Distribution of implants according to
implant diameter and jaw regions. 1 PM = first pre-
16 /  molar; 2 PM = second premolar; 1 M = first molar;
T — — 2 M = second molar.
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Statistical Analysis

The parameters were recorded, tabulated, and evalu-
ated using descriptive statistics. Mean values were
compared using the Student t test, nonparametric
data using the x? test). P < .05 was considered indica-
tive of statistical significance.

RESULTS

A total of 54 single implant-supported restorations
were placed in 51 patients (32 female and 19 male;
mean age, 51.6 = 12.9 y; range, 29 to 86 y) in isolated
grafted maxillary sinus sites.The 54 implants included
11 early and 43 late implants, 10 Frialit-2 implants,
and 44 Camlog root-form implants. The 1-stage sinus
lift group comprised 25 patients (mean age, 48.3 +
12.1 y;range, 37 to 66 y) with 28 implants; the 2-stage
sinus lift group, 12 patients (mean age: 53.8 + 8.6 y;
range, 42 to 66 y) with 12 implants; and the ostetome
group, 14 patients (mean age: 54.6 + 17.3 y; range, 29
to 86 y) with 14 implants. For all patients the intended
implant crown had a mean length of 11.7 £ 1.1 mm
(range, 9.5 to 14 mm; Table 1). Thus, all implants
placed had a length of at least 13 mm to achieve an
implant-crown ratio = 1.0. All implants placed in the
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1- or 2-stage antrostomy sinus elevation procedure
had maximal length (15 or 16 mm), while the
implants placed in conjunction with the osteotome
technique were shorter (13 mm;Table 1).

Table 1 summarizes patient characteristics,
implant length, prosthetic crown length, residual
ridge height, and implant-crown ratio according to
the different sinus augmentation procedures per-
formed. The osteotome group demonstrated signifi-
cantly greater (P < .01) presurgical bone height (9.6 +
0.9 mm) than the 1-stage antrostomy group (7.8 + 1.1
mm) or the 2-stage antrostomy group (3.5 + 0.8 mm).

Figure 4 shows the distribution of the implants by
diameter and location. More implants (n = 33; 61%)
were placed in the first molar area than in the first
and second premolar regions (n =6 and n = 13,
respectively, or 11% and 249%) or the second molar
region (n = 2; 4%). Seventeen of 19 (89.5%) implants
replacing premolar teeth had a regular (3.8 mm) or
reduced (3.3 to 3.8 mm) diameter, but 33 of 35
implants in the molar region (94.4%) had a diameter
of 4.3 to 5.5 mm. Only 7 implants (13%) were placed
as terminal abutments, while significantly more
implants (n = 47, 87%) were placed between 2 exist-
ing teeth (P <.01).
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Table 2 Clinical Parameters of Single-Tooth Implants (n = 54) in Relation to Sinus Augmentation Procedure

Bone resorption Pocket depth Periotest
Mean = SD Range Mean = SD Range Mean = SD Range
1-stage antrostomy 22+1.4 1.0t0 3.5 3.6+1.6 1.0t0 5.0 -3.6+-1.2 -2to-5
2-stage antrostomy 21+13 0.5t03.5 34+18 1.0t0 6.0 -3.2+x-1.6 -2to-6
Osteotome technique 23+1.2 1.0t0 3.0 3.4+1.6 1.0to 1.5 -3.8+-1.3 -2to-5
Total 22+1.4 0.5t0 3.5 3.6+1.8 1.0 to 6.0 -3.6+-15 -2t0 -6
All implants in the antrostomy groups were the DISCUSSION

maximum length available (15 mm for Frialit-2 and 16
mm for Camlog). A mean implant-crown ratio of 1.36
+ 0.14 (range, 1.07 to 1.68) was achieved for these
groups. Because implants with a length of 13 mm (n =
5) were only used in the group with osteotome tech-
nique (n = 14), this group had a smaller implant-
crown ratio (mean, 1.21 = 0.12; range, 1.08 to 1.45; P >
.05).

Perforation of the sinus membrane was an intra-
operative complication in 23 of 40 cases (58%) aug-
mented with 1- or 2-stage antrostomy, with no differ-
ence for the incidence of this complication between
the use of a 1-stage (16 of 28; 57%) or 2-stage proce-
dure (7 of 12; 58%). In all cases, sinus membrane per-
foration could be repaired using a collagen mem-
brane (Bio-Gide) in combination with blood clotting
or fibrin glue. A lower incidence of (suspected) mem-
brane perforation was seen with the osteotome
technique (3 of 14, 21%), although suspected perfo-
rations without clinical verification may not always
have been noted.

There were no dropouts, and all implants were fol-
lowed for a mean of 44.5 + 22.7 months (at least 2
years). At the time of the last follow-up, all implants
followed were successfully integrated, representing a
survival rate of 100%. In all cases, implants were
restored with cement-retained porcelain-fused-to-
metal crowns. Peri-implant conditions such as radi-
ographic marginal bone resorption, pocket depth,
and Periotest values of all implants followed and
evaluated at the last examination have been summa-
rized in Table 2. There were no differences in peri-
implant parameters (peri-implant soft tissue condi-
tions [Plaque Index: grade 0, 79%; grade 1, 19%,
grade 2, 2%; Gingival Index: grade 0, 89%; grade 1,
11%], stability, marginal bone resorption, and pocket
depth) among the 3 sinus augmentation procedures.
The prosthodontic follow-up showed only minor
complications: crown loosening as a result of cement
washout (n = 4; 7.4%); abutment-screw loosening (n
= 3,;5.5%), and porcelain fracture (n = 2; 3.7%).

Maxillary sinus augmentation has become a pre-
dictable and successful treatment procedure for den-
tal implant placement in atrophic posterior
regions.3=> Numerous studies have reported high
success rates for dental implants used for different
prosthodontic rehabilitation modalities after sinus
augmentation procedures.®-'? In addition, single-
tooth implant rehabilitation has also provided for a
high success rate.’1° Results of studies of single
implant-supported restorations demonstrate suc-
cessful implant stability and excellent soft tissue con-
ditions, and in most cases these restorations also ful-
fill patients’ and clinicians’ requirements for optimal
esthetic and functional outcome.'”-29 However, the
literature includes few reports in which the com-
bined use of these procedures (sinus elevation in
conjunction with single implant-supported restora-
tion) is described in detail. Reports on single implant-
supported restorations only describe a small number
of single-tooth implants placed in augmented maxil-
lary areas.’*16'7 The predominant maxillary augmen-
tation area investigated and described for single
implant-supported restorations is the maxillary ante-
rior esthetic zone, where different methods of bone
grafting have been used.?’?8 Corticocancellous bone
onlay grafts or guided bone regeneration techniques
using several graft materials have been described in
detail and are associated with high implant success
rates and esthetic success.?’-3!

When single implant-supported restorations in
regions where sinus augmentation has been per-
formed are discussed in reports, they are mostly dis-
cussed as part of a comprehensive single-tooth
implant study.’*'° In contrast to studies reporting on
augmentation in anterior maxillary regions, results for
single implant-supported restorations placed in aug-
mented posterior maxillary regions have rarely been
published. Only 1 previous study could be found, a
report by Mazor et al?? of the results of 10 single-
tooth implants placed in augmented sinus sites.
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The findings of the present study provide detailed
information on outcome of single implant-sup-
ported restorations placed in the augmented poste-
rior maxillary sinus. Furthermore, the peri-implant
conditions of implants placed with different sinus
elevation procedures were compared. Optimum
implant and crown lengths were planned to achieve
a sufficient (> 1.0) implant-crown ratio to withstand
the vertical and lateral occlusal forces expected in
this region.’®31-33 An implant-crown ratio > 1.0 and a
wider diameter in optimal relation increase the abil-
ity of the restoration to absorb loading forces, espe-
cially in molar sites, and thus enhances the survival of
single-tooth implants, as described in previous stud-
ies.’” Ante’s law32 and reports of previous investiga-
tions in conventional prosthetic dentistry describe
the importance of the root-crown ratio for the suc-
cess of traditional prosthodontic rehabilitation.3%33
Similarly, a favorable implant length and implant-
crown ratio may have also had a beneficial effect on
the predictability of osseointegration and thus on
the success rate of single-implant restorations.'6-18

In contrast to studies of multiple-implant rehabili-
tation, implant failures in studies of single-tooth
implants have been generally limited to isolated
cases, and the implants lost have typically been
short.”*7 Haas et al'® and Priest3* both reported the
loss of implants 10 mm in length; furthermore, 2 of
the 3 single-tooth implants lost in a study by Jemt et
al®> were relatively short (lengths of 10 mm and 7
mm). The impact of implant length on implant prog-
nosis was described by Ferrigno et al3® as well as by
Herrmann et al.3” They reported that maxillary
implants longer than 10 mm have a better prognosis
than those that are 10 mm or shorter. These data may
be confirmed by the results of the present study, in
which a survival rate of 100% was observed after
more than 2 years of loading. The predominant use of
long and wide implants in the maxillary molar area
may provide for an optimal implant-crown ratio,
which may improve long-term success without
complications.319:36-38

In the present study, the osteotome technique
was used even in cases where shorter implants could
have been placed without augmentation to enable
the placement of implants of the desired length and
achieve a desirable implant-crown ratio. This is in
contrast to recent reports describing successful
results with short implants or reduced implant-
crown ratios.3°? The positive effect of criteria used
for implant length and implant-crown ratio on the
long-term results justifies the use of the osteotome
technique in single-tooth implants.'23643
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The findings of the present study demonstrate
that the implant survival rate did not differ between
the 1-stage lateral approach, the 2-stage lateral
approach, and the crestal approach. The survival rate
for the present study was comparable to that
reported for other single-tooth implant studies.’>16-1°
However, regarding the survival rate for single
implants in the augmented sinus, it must also be con-
sidered that in this study nearly 90% of the implants
placed had pre-existing adjacent dentition bilaterally.
Surrounding dentition and the possibility of reduced
occlusal loading of the single implants in the aug-
mented regions may represent a protective factor for
single-tooth implants in posterior regions and may
be beneficial for the long-term success of single-
tooth implants placed with sinus augmentation.

No differences in measures of success such as the
Plaque Index, Gingival Index, pocket depth, and
implant stability were observed between the aug-
mentation procedures performed. This confirms pre-
viously reported results on different sinus lift aug-
mentation procedures as well as the results of
several single-tooth implant studies.'*212-17 The
minor peri-implant marginal bone resorption
encountered must be considered as development
within the biologic band width; no difference in peri-
implant bone resorption was observed between the
various augmentation procedures.*4>

The incidence of intraoperative complications (ie,
perforation of the sinus membrane) in the antros-
tomy groups was significantly higher than that gen-
erally reported for sinus augmentation procedures in
edentulous maxillary regions.2#-48 The results of the
present study are in accordance with results of Mazor
et al.?2 The high incidence of intraoperative compli-
cations may have been due to the restriction of the
access area. The antrostomy was of necessity small;
adjacent root apices precluded the possibility of
mesial or distal extension, which may have caused
tearing of the membrane more frequently.?? All
membrane perforations were successfully repaired
using collagen membrane and showed uneventful
healing, with normal implant placement and
prosthodontic rehabilitation.*®

When the patient must choose between a single
implant-supported restoration or fixed partial den-
tures, especially in cases with insufficient bone vol-
ume for implant placement,*°->! the conflict
between clinical and economic aspects of the treat-
ments often creates a dilemma. However, as shown
by the results of the current study, the procedure
described, when performed in accordance with the
recommendations for surgical and implant charac-
teristics, is a valid treatment option, provided patient
collaboration and patience can be assured.
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CONCLUSION

On the basis of this retrospective clinical review, the
following was observed:

1. Successful function and excellent peri-implant
parameters may be anticipated for single implant-
supported restorations placed in conjunction with
different sinus elevation procedures.

2. Clinical and radiographic examinations demon-
strated similar conditions for single implant-sup-
ported restorations despite the use of different
surgical approaches to sinus augmentation.
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