http://dx.doi.org/10.5125/jkaoms.2013.39.6.274
pISSN 2234-7550 - eISSN 2234-5930

ORIGINAL ARTICLE

Assessment of the autogenous bone graft for sinus elevation
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Abstract (J Korean Assoc Oral Maxillofac Surg 2013;39:274-282)

Objectives: The posterior maxillary region often provides a limited bone volume for dental implants. Maxillary sinus elevation via inserting a bone
graft through a window opened in the lateral sinus wall has become the most common surgical procedure for increasing the alveolar bone height in
place of dental implants in the posterior maxillary region. The purpose of this article is to assess the change of bone volume and the clinical effects of
dental implant placement in sites with maxillary sinus floor elevation and autogenous bone graft through the lateral window approach.

Materials and Methods: In this article, the analysis data were collected from 64 dental implants that were placed in 24 patients with 29 lacks of the
bone volume posterior maxillary region from June 2004 to April 2011, at the Department of Oral and Maxillofacial Surgery, Inha University Hospital.
Panoramic views were taken before the surgery, after the surgery, 6 months after the surgery, and at the time of the final follow-up. The influence of
the factors on the grafted bone material resorption rate was evaluated according to the patient characteristics (age and gender), graft material, implant
installation stage, implant size, implant placement region, local infection, surgical complication, and residual alveolar bone height.

Results: The bone graft resorption rate of male patients at the final follow-up was significantly higher than the rate of female patients. The single au-
togenous bone-grafted site was significantly more resorbed than the autogenous bone combined with the Bio-Oss grafted site. The implant installation
stage and residual alveolar height showed a significant correlation with the resorption rate of maxillary sinus bone graft material. The success rate and
survival rate of the implant were 92.2% and 100%, respectively.

Conclusion: Maxillary sinus elevation procedure with autogenous bone graft or autogenous bone in combination with Bio-Oss is a predictable treat-

ment method for implant rehabilitation.
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l. Introduction

Dental implants are increasingly being used to replace
missing teeth'. Note, however, that there are common prob-
lems in the posterior maxillary region such as restriction in
the anatomic location, alveolar bone atrophy after prolonged
edentulate state, resorption of alveolar bone in patients with
periodontitis, and pneumatized sinus cavities causing lack of
alveolar bone height. Likewise, lack of bone mass hampers

implant restoration in the posterior maxillary region.
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Boyne and James® (1980) reported on the elevation of the
maxillary sinus floor in patients with large, pneumatized
sinus cavities in preparation for the placement of blade im-
plants. Obviously, in the posterior maxillary region, reduction
of vertical bone height is often limited to standard implant
placement. Elevation of the maxillary sinus floor is the op-
tion to solve this problem. Various surgical techniques have
been presented to use the sinus cavity for elevating the sinus
membrane and placing bone graft materials.

Tatum® first proposed dental implant placement in sites
with bone graft for sinus floor elevation through the lateral
window approach technique and its clinical application. This
technology expanded the implant indication of the posterior
maxillary region, having the advantages of direct vision when
performing surgery, control of the elevated height, effective
protection of the sinus mucosa, convenience of bone graft,
and accurate positioning. In the study published by Wallace
and Froum®, they showed a high success rate using this tech-

nology for implant restoration.

This work was supported by Inha University Research Grant.
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As implant technology and bone grafting developed, max-
illary sinus bone grafting became a popular form of surgery.
Nonetheless, the graft material for maxillary sinus bone graft-
ing has become an object of controversy. Bone grafting mate-
rials used for maxillary sinus graft include autogenous bone,
allogenous bone, xenogenous bone, and synthetic bone. As
the principle of new bone to be formed by autogenous bone,
grafted bone exhibits osteoconductivity for osteoblast matu-
rity by stimulating the osteoprogenitor cell of adjacent tissue
or plays the role of passive substrate for the osteoprogenitor
cell’. Meanwhile, autogenous bone graft has the limit of bone
yield but the advantage of no tissue rejection.

This study sought to assess the change of bone volume and
success and survival rates of implant placement in sites with
bone graft for the elevation of maxillary sinus floor according
to the patient’s characteristics (age and gender), graft materi-
al, implant placement stage, implant size, implant placement
region, local infection, surgical complication, and residual

alveolar bone height.

Il. Materials and Methods

1. Case selection

A total of 79 patients underwent dental implant restorations
using sinus floor elevation from June 2004 to April 2011
at the Department of Oral and Maxillofacial Surgery, Inha
University Hospital (Incheon, Korea). At least 55 patients
failed to comply with the follow-up principle or had systemic
diseases, so the remaining 24 patients were included in the
analysis. A total of 65 dental implants were inserted. One
implant was not inserted into the bone graft region, and this
implant was also excluded from the analysis. Therefore, 64
implants were included in this analysis. A total of 47 implants
were inserted using two-stage surgery, and 17 implants, us-
ing one-stage surgery. Among 24 patients, 5 patients received
bilateral surgery. At least 6 patients had single missing tooth,
whereas 18 patients had multiple missing tooth. After a heal-
ing period of 6 to 13 months (average: 8.8 months), the im-
plant prostheses were restored. The follow-up period was 24
to 68 months (average: 32.4 months).

This study was conducted after obtaining approval from

the Institutional Review Board.

2. Preoperative examination

Patients received clinical examination over 3 months after
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tooth extraction, and they were suitable for implant surgery.
At least 24 patients had no systemic diseases affecting bone
healing, but 3 patients had chronic maxillary sinusitis (CMS).
Preoperative panoramic taking was performed to assess bone
volume at both the implantation and donor sites to ensure the
optimal position of the graft and implant. The bone quality,
residual bone height, and existing maxillary sinus morphol-
ogy were also evaluated on panoramic views.

3. Type of graft material

Autogenous bone was harvested from the mandibular ra-
mus or iliac crest, and then crushed into particulates. Bio-Oss
(Geistlich Pharma AG, Wolhusen, Switzerland) was used
as xenogenous bone. Autogenous bone alone or composite
graft consisting of autogenous bone and Bio-Oss was used as
grafting material. After sinus elevation, if the created space
for grafting was small with 1 or 2 tooth sites included, autog-

enous bone was used alone; if not, composite graft was used.

4, Surgical methods

The surgery for 18 patients was performed under local an-
esthesia, and the other 6 patients were treated under general
anesthesia by one surgeon. The surgery was started with a
trapezoid incision made on the alveolar ridge crest, and a full-
thickness flap was then raised to expose the lateral antral wall
of the sinus fully. After the flap was raised to the desired lev-
el, a window was created with a round bur as trapdoor on the
lateral buttress of the maxilla. The bottom of the window was
located 5 mm above the edge of the maxillary sinus floor.
The size of the trapdoor should be determined according to
the number of dental implants, should be conducive to peel
the mucous membrane of the maxillary sinus, and should be
smaller than the area of the lateral wall of the maxillary sinus.
The height of this trapdoor should not exceed the width of the
sinus to allow a final horizontal position of the new floor. A
space was created after the sinus membrane was elevated by
the intruded trapdoor. Finally, the bone block was rotated into
the top of the space. After peeling the mucous membrane, the
movement of bone block and mucous membrane could be
seen together with respiration; thus indicating that the maxil-
lary sinus membrane was integrated.

The socket should be gradually expanded and prepared
as the implant bed. Because of the low density of bone in
the maxillary molar region, the use of osteotome needs to

achieve better primary stability. The prepared graft material
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was grafted in the elevated maxillary sinus cavity, and then
implant placement was performed. All of the implants used
were External Implant RBT (BioHorizons Implant Systems
Inc., Birmingham, AL, USA).

If the residual bone height and bone density are too low,
primary implant stability would be jeopardized. Therefore,

two-stage surgery should be performed.

5. Radiological examination

The panoramic images were traced on paper, and all mea-
surements were performed by calibration. The amount of
bone augmentation ‘A’ was evaluated by measuring the dis-
tance from the bottommost part of the fixture threads to the
uppermost part of the bone graft material on a center-line of
fixture after the surgery.(Fig. 1) The same measuring method
was applied on a panorama taken 6 months after the surgery
‘B’ and on the final follow-up ‘C’. The amount of resorption
of bone graft material ‘A-B’ 6 months after the surgery and
‘A-C’ at the final follow-up time was calculated.

The resorption rate was calculated as (A-B)/AX100% on
6 months after the surgery and (A-B)/AX100% at the final
follow-up time.

To measure marginal bone resorption, the distance between
the bottommost part of fixture threads to the top of the al-
veolar crest as represented in a panorama was measured. The
measuring method was based on the panorama obtained im-

Fig. 1. The measurements for evaluating the amount of bone aug-
mentation. (A: measure of the distance between the uppermost
part of bone graft material and the lowermost partof the fixture
threads on the panorama, B: measuring of the amount of bone
augmentation 6 months after the surgery, C: measuring of the
amount of bone augmentation on final follow-up, dotted line: bone
resorption)
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mediately after the inserted implant surgery and at the final

follow-up time.
6. Postoperative maintenance

All patients took antibiotics to prevent infection and con-
trol edema after the surgery. The rest of the treatment was
the same as the routine implantation operation. Patients were
advised not to blow their nose to avoid pressing on the sinus
mucosa. Sutures were removed 7 to 10 days later.

7. Statistical analysis on the resorption rate of bone
graft material

With each measurement, statistical analysis on bone re-
sorption 6 months after the surgery and final follow-up was
performed using independent-sample t-test and ANOVA by
age, gender, implant placement stage, graft materials, im-
plant size, implant placement region, local infection, surgical
complication, and residual alveolar bone height. P-values less
than 0.05 were considered significant.

8. Follow—up principles

All patients were asked to make a return visit within 1,
3, and 6 months of the surgery and to undergo regular re-
examination each year. The contents of the re-examination
included the extent of implant stability and condition of tissue
surrounding the implant. Patients should take a panoramic
radiograph at each return visit and compare the resorption
condition of the edge bone surrounding the implant.

Based on the panorama and medical records, preoperative
and postoperative complications were examined; the success
rates of the implants were evaluated according to the criteria

of Albrektsson et al.’ at the time of final follow-up.

Ill. Results

1. Bone resorption rate by age and gender

The 24 patients who received 64 implants for restora-
tion were included for analysis. A total of 18 male patients
received 21 bone grafts, whereas 6 female patients received
8 bone grafts. Patients’ age ranged from 18 to 68 years old,
with mean age of 49.4 years.

The resorption rate of maxillary sinus bone graft in the 41
to 50-year-old age group was 23.0% and 32.7% on 6 months



after the surgery and on the final follow-up, respectively;
these were higher than the rates of other age groups. Note,
however, that the difference in the resorption rate of maxil-
lary sinus bone graft by patients’ age was not significant.
(Table 1)

The resorption rate of the maxillary sinus bone graft of the
male patients’ group was 21.7% and 31.1% on 6 months after
the surgery and on the final follow-up, respectively; these
were higher than the resorption rate of the female patients’
group.(Table 2) In particular, the bone resorption rate in the
male patients group on the final follow-up was significantly
higher than that in female patients (P<0.05). Note, however,
that the difference in the resorption rate of maxillary sinus
bone graft by patients’ gender--6 months after the surgery--
was not significant.

2. Bone resorption rate by graft material

At least 14 (48.3%) cases utilized autogenous bone graft
material, and 15 (51.7%) cases, autogenous bone in combina-
tion with Bio-Oss. The harvested autogenous bone was used
in the mandibular ramus (95.3%) and in the iliac crest bone
(4.7%). The mixing proportion of autogenous bone and Bio-
Osswas2:lor3:1.

The resorption rate of bone graft material in the group with

Table 1. Resorption rate of bone material by age

Number of  Resorption rate B Resorption rate C
Age (yn) implant (%) (%)
<40 4 19.4% 29.2°%
41-50 15 23.0% 32.7%
51-60 22 20.9% 29.4%
=61 23 20.3* 29.8*

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.
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Table 2. Resorption rate of bone material by gender
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single autogenous bone graft was 23.1% and 32.1% on 6
months after the surgery and on the final follow-up, respec-
tively. The resorption rate of bone graft material in the group
with combined graft of autogenous bone and Bio-Oss was
18.9% and 28.6% on 6 months after the surgery and on the
final follow-up, respectively. Bone graft resorption rate in
the single autogenous bone material group was significantly
higher than that in the autogenous bone with Bio-Oss mate-
rial group (P<0.05).(Table 3)

3. Bone resorption rate by implant placement stage

The decision to perform one-stage or two-stage surgery
was mainly based on the available residual bone height and
the possibility of achieving primary stability for the inserted
implants. In this study, cases wherein one-stage surgery was
performed when the residual bone height remained higher
than 5 mm were selected, including those wherein two-stage
surgery was the option when residual bone height remained
lower than 5 mm. A total of 17 implants were used in one-
stage surgery, i.e., implantation simultaneously done with si-
nus floor elevation. On the other hand, 47 implants were used
in the two-stage surgery, which involved sinus floor elevation

with delayed implant placement, i.e., 4 to 12 months after

Table 3. Resorption rate of bone material by graft material

. Number of Resorption rate B Resorption rate C
Graft material

implant (%) (%)
ABG 35 23.1% 32.1%
ABG+Bio-Oss 29 18.9% 28.6%

(ABG: autogenous bone graft)

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.

Bio-Oss: Switzerland-made particulate graft material.
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Table 4. Resorption rate of bone material by implant placement
stage

Patients’ Number of Resorption rate B Resorption rate C Implant Number of Resorption rate B Resorption rate C
gender implant (%) (%) placement stage  implant (%) (%)

Male 49 21.7 31.1% 1-Stage surgery 17 22.5% 32.8*
Female 15 19.1 28.3% 2-Stage surgery 47 20.6* 29.5%

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.

Wang Peng et al: Assessment of the autogenous bone graft for sinus elevation. J Korean
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*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.
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sinus grafting. The resorption rate of the maxillary sinus bone
graft in the one-stage surgery group was significantly higher
than that in the two-stage surgery group (P<0.05).(Table 4)

4. Bone resorption rate by implant size

Out of a total of 64 implants, there were 20 implants with
diameter of 4 mm and 44 implants with diameter of 5 mm.
The length was 9 mm in 4 implants, 10.5 mm in 15 implants,
11.5 mm in 7 implants, 12 mm in 27 implants, and 13 mm in
11 implants. There was no significant correlation between the
diameter, length of inserted implant, and bone resorption rate.
(Table 5)

5. Bone resorption rate by implant placement region

Out of a total of 64 implants, 3 were placed in the first
premolar region, 14, in the second premolar region, 27, in
the first molar region, and 20, in the second molar region.
Among these, the first molar region showed the highest re-
sorption rate with 22.7% and 32.6% on 6 months after the

Table 5. Resorption rate of bone material by implant size

Number of Resorption rate B Resorption rate C

GG implant (%) (%)
Length (mm)

9 4 20.1% 28.7°%
10.5 15 23.2% 32.5%
11.5 7 23.1% 32.3%
12 27 20.7* 30.1%
13 11 18.9% 27.8%

Diameter (mm)
4 20 20.1% 30.1°%
5 44 20.5* 30.5%

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.
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Table 6. Resorption rate of bone material by placement region

Placement Number of Resorption rate B Resorption rate C
region implant (%) (%)
1st premolar 3 20.3* 29.8%
2nd premolar 14 21.5% 30.7*
1st molar 27 22.7* 32.6%
2nd molar 20 20.9% 30.8%*

surgery and on the final follow-up, respectively, whereas the
first premolar region showed the lowest resorption rate with
20.3% and 29.8% on 6 months after the surgery and on the
final follow-up, respectively. Note, however, that the differ-
ence in resorption rate of maxillary sinus bone graft by im-

plant placement region was not significant.(Table 6)

6. Bone resorption rate by local infection and surgical
complication

Among the 29 maxillary sinus bone graft surgeries of 24
patients, 3 (10.3%) cases suffered from CMS. In 4 (13.8%)
maxillary sinuses, perforation of the sinus membrane oc-
curred when the sinus membrane was elevated, but they were
cured without any specific abnormality in the perforated re-
gion. Local infection and surgical complication did not wield
significant impact on the resorption rate of maxillary sinus
bone graft.(Table 7)

7. Bone resorption rate by residual bone height

In this study, the range of residual bone height was 1.89
to 6.56 mm. This study divided the residual alveolar bone
height into two groups: less than 4 mm (22 implants) and

over 4 mm (42 implants). The resorption rate of maxillary

Table 7. Resorption rate of bone material according to local infec-
tion and surgical complication

. . Number of Resorption rate B Resorption rate C
Sinus disease P =

implant (%) (%)
CMS 5 20.1% 27.4%
Perforation 10 22.6* 30.2%
None 49 21.3% 28.9%

(CMS: chronic maxillary sinusitis)

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up. Perforation: maxillary sinus perforation.

Wang Peng et al: Assessment of the autogenous bone grafi for sinus elevation. J Korean
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Table 8. Resorption rate of bone material by residual bone height

Residual bone  Number of Resorption rate B Resorption rate C

height (mm) implant (%) (%)
<4 22 20.3% 28.5%
>4 42 22.9% 32.6%

*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.

Wang Peng et al: Assessment of the autogenous bone graft for sinus elevation. J Korean
Assoc Oral Maxillofac Surg 2013
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*Statistically significant difference, P<0.05.

Resorption rate B: resorption rate of bone material 6 months after the
surgery. Resorption rate C: resorption rate of bone material on the final
follow-up.

Wang Peng et al: Assessment of the autogenous bone graft for sinus elevation. J Korean
Assoc Oral Maxillofac Surg 2013



Table 9. Implant placement stage and marginal bone resorption

Implant placement Mean of resorption

Number of implant

stage (mm)
1-Stage surgery 17 1.17%
2-Stage surgery 47 1.58*

*Statistically significant difference, P<0.05.
Wang Peng et al: Assessment of the autogenous bone graft for sinus elevation. J Korean
Assoc Oral Maxillofac Surg 2013

sinus bone graft in the higher residual bone height group (>4
mm) was significantly higher than that in the lower residual
bone height group (<4 mm) (P<0.05).(Table 8)

8. Clinical evaluation and marginal bone resorption

During the healing and follow-up period of these 24 pa-
tients, the implants did not exhibit any sign or symptom of
pain, infection, and neuropathy. In addition, the panoramic
views did not show peri-implant radiolucency, with the im-
plants exhibiting no mobility. Therefore, the dental implant
survival rate was pegged at 100%.

According to the panoramic views taken immediately after
the implant surgery and at the final follow-up time, the aver-
age marginal bone resorption of all 64 implants was 1.28 mm
during an average monitoring period of 2.7 years. Marginal
bone resorption due to the difference in implant placement
stage showed a statistically significant difference at the final
follow-up time, with the one-stage surgery group exhibiting
less resorption.(Table 9)

In 5 patients, 5 implants exhibited increased marginal bone
resorption. Two implants in two male patients with CMS,
one implant in one male patient with perforation of the sinus
membrane, and two implants in one male patient and one
female patient without any disease showed more than 2.0
mm progressive marginal bone resorption during an average
monitoring period of 2.7 years. Therefore, the success rate of
the implants was 92.2%.

IV. Discussion

After the loss of the maxillary molar tooth, the alveolar
bone shows rapid resorption, and the size of the maxillary
sinus also increases. Therefore, only the thin bone wall be-
tween the oral cavity and the maxillary sinus may remain. To
place an implant for such patients, bone graft is done for bone
augmentation. Maxillary sinus bone graft surgery is now pre-
dictable and is regarded as a safe surgical procedure. Most of
the bone graft materials are known to yield a good result in
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terms of the survival rate of implant, but the maxillary sinus
bone graft materials may be absorbed over time’.

According to Wang and Luo®, age was one of the major
factors influencing bone resorption. In this study, the bone
resorption rate of patients in the 41 to 50-year-old age group
was 23.0% on 6 months after the surgery and 32.7% at the
final follow-up time; these were higher than the rates of the
other age groups. Note, however, that the difference in bone
resorption rate by patient’s age was not statistically signifi-
cant.(Table 1)

Andreasen et al.” reported that the gender of the patient was
significantly related to bone resorption activity and observed
a different degree of bone resorption, noting that it was
higher in women than in men. In contrast, this study found
the bone graft resorption rate in the male patients’ group at
the time of final follow-up to be significantly higher than that
in the female patients’ group. Nonetheless, the difference in
bone graft resorption rate by patients’ gender 6 months after
the surgery was not significant.(Table 2)

Various materials have been used for grafting the sinus
floor. The bone graft materials can be categorized into four
groups: autogenous bone, allogenous bone, xenogenous bone,
and synthetic bone. These bone graft materials can be used
alone or in combination with each other. Autogenous bone

has been considered the ‘gold standard’"’

of bone graft mate-
rial for a long time because of its osteoconductive, osteoin-
ductive, and osteogenic properties''. According to Dragoo
and Sullivan'"?, autogenous bone is a bone graft material with
the highest regenerative capability when it comes to alveolar
bone defects. Autogenous bone including calvarium, tibia,
ribs, or iliac bone can be used. Due to problems such as in-
convenience of hospitalization, general anesthesia, postopera-
tive pain, and burden of medical expenses, however, its use
has been limited. Alternatively, autogenous bone from the
oral cavity such as mental region, mandibular ramus, and zy-
gomatic region has often been used". In particular, mandibu-
lar ramus bone has high ratio of cortical bone, but the harvest
of the ramus bone is difficult. Nonetheless, it is the preferred
bone graft material for the maxillary sinus due to the low risk
of edema and nerve injury compared to mental bone.

When maxillary sinus bone graft using autogenous bone
was performed, many cases exhibited considerable bone
resorption over time. Furthermore, a study reported that us-
ing 100% autogenous bone as bone graft material enabled
faster absorption compared to using autogenous bone in
combination with bone substitutes. At present, autogenous

bone in combination with bone substitutes is used widely".
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A histological analysis proved that using bone graft material
combining autogenous bone and Bio-Oss enables shortening
the time of formation of new bone". No studies have shown
that autogenous bone and bone substitute mixing ratio differ-
ences have an impact on the success rate of dental implants,
however.

Hatano et al.'® performed simultaneous implant placement
with maxillary sinus bone grafting using autogenous bones
and xenogeneic bones (Bio-Oss) mixed at a 2 : 1 ratio and
conducted a long-term clinical evaluation. They found that
the survival of implants after 2 to 3 years was 94.2%, and that
the height of the maxillary sinus floor was similar to the level
of the implant apex area or slightly lower. They confirmed
that, even in cases grafted with a mixture of autogenous and
xenogeneic bones, repneumatization progressed continuously
for 2 to 3 years, and that no great change was observed af-
ter that. They also concluded that stable maintenance of the
height of maxillary sinus bone grafting materials played an
important role in implant success.

Kim et al."” also reported the results of clinical studies on
sinus bone resorption after sinus bone grafting and implant
placement. In their study, the mean height of the remain-
ing alveolar bone before the surgery, immediately after the
surgery, and 1 year after the surgery was 4.9 mm, 19.0 mm,
and 17.2 mm, respectively, in group I (xenograft + minimal
amount of autogenous bone) and 4.0 mm, 19.2 mm, and 17.8
mm, respectively, in group II (allograft + xenograft + mini-
mal amount of autogenous bone). In this study, the resorption
rate after the single graft of autogenous bone was 23.1% and
32.1% on 6 months after the surgery and on the final follow-
up, respectively, whereas the resorption rate after a combined
graft of autogenous bone and Bio-Oss was 18.9% and 28.6%
on 6 months after the surgery and on the final follow-up,
respectively. The difference in bone resorption rate by graft
material (single autogenous bone or autogenous bone in com-
bination with Bio-Oss) was statistically significant (P<0.05).
(Table 3)

Some researchers suggested that, with higher residual bone
height (>5 mm), the implant could have better primary stabil-
ity, and that it would be suitable for maxillary sinus elevation
with bone graft and one-stage surgery. When the residual
bone height was lower than 5 mm, two-stage surgery was
recommended'®". Corinaldesi et al.” showed that patients
undergoing the simultaneous approach (20 sites) showed
mean residual bone height of 5.9+1.77 mm (range, 4 to 9
mm) at baseline. Among patients undergoing the delayed

approach (14 sites), mean residual bone height decreased to
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3.5+1.16 mm (range, 1.5 to 5 mm). In this study, the mean
residual bone height of the one-stage surgery group and two-
stage surgery group was 5.67 mm and 3.91 mm, respectively.
The resorption rate of the maxillary sinus bone graft in the
one-stage surgery group was significantly higher than that in
the two-stage surgery group. This is because one-stage sur-
gery for these cases all involved single autogenous bone graft
material.(Table 4)

Some studies reported that the small surface area of im-
plant had risk of increasing the resorption rate”'. In this study,
however, there was no correlation between the implant size
and resorption rate.(Table 5) According to Kim and Lee™,
there was no correlation with the implant placement region.
Similarly, this study found no significant difference by place-
ment region.(Table 6)

Cheong et al.” reported that 105 maxillary sinuses in 87
patients showed high prevalence of sinus disease. This result
supported the fact that maxillary sinus disease was very com-
mon among patients who were planning implantation in the
maxillary posterior areas. In this study, CMS developed in
3 (10.3%) cases. Note, however, that neither maxillary si-
nus bone grafting material loss nor implant failure occurred.
CMS did not show significant correlation with the resorption
rate of maxillary sinus bone graft.(Table 7)

According to Pjetursson et al.”*, the most common intraop-
erative complication was the perforation of the sinus mem-
brane. The mean prevalence of membrane perforation was
19.5%, and range was 0 to 58.3%. Significant statistical cor-
relation was found between residual alveolar bone height and
membrane perforation. Due mainly to technical difficulties,
maxillary sinus membrane perforation occurs more frequent-
ly with a small height of residual alveolar bone. The study by
Ardekian et al.”” found no statistical difference in the success
rate of the immediate implants placed with sinus bone graft-
ing in patients whose membrane was perforated versus those
patients in whom an intact membrane was maintained. In our
study, perforation of the sinus membrane was observed in 4
(13.8%) patients. Nevertheless, perforation of the sinus mem-
brane did not show significant correlation with the resorption
rate of maxillary sinus bone graft.(Table 7)

According to Jensen et al.26, residual alveolar bone height
had the most influence on the survival rate of the implant
placed after maxillary sinus elevation, and, if the height was
7 mm or less, bone graft must be done for implant placement.
The study by Herzberg et al.” showed that residual bone
height of less than 4 mm tended to promote graft material re-
sorption. Note, however, that this study showed the opposite



result. The resorption rate of maxillary sinus bone graft in the
higher residual bone height group (>4 mm) was significantly
higher than that for the lower residual bone height group (<4
mm). This is because, with higher residual bone height (>4
mm), single autogenous bone graft material was used for the
elevation of maxillary sinus floor.(Table 8)

Herzberg et al.”' examined 70 patients with 212 implants
placed in 81 maxillary sinus regions during the period 1995 to
2000 and reported 95.5% and 83.7% cumulative survival and
success rates, respectively, for 4.5 years. The study of Kim et

27
al.

showed that the mean marginal bone resorption around
the implants was 0.69 mm 1 year after prosthodontic loading.
Marginal bone resorption of more than 1.5 mm occurred in 9
implants, for a success rate of 88%. Kim et al."” also reported
mean marginal bone loss--1 year after prosthodontic loading
and after 20.8 months’ follow-up--of 0.6 mm and 0.7 mm, re-
spectively, in group 1 (xenograft + minimal amount of autog-
enous bone). At least 3 implants showed bone resorption of
more than 1.5 mm within 1 year of loading, for a success rate
of 93.9%. On the other hand, mean marginal bone loss 1 year
after prosthodontic loading and after 19.7 months’ follow-up
was 0.7 mm and 1.0 mm, respectively, in group 2 (allograft
+ xenograft + minimal amount of autogenous bone). A total
of 4 implants showed bone resorption of more than 1.5 mm
within 1 year of loading, for a success rate of 83.3%.

In this study, marginal bone resorption was measured to
be a minimum of 0.61 mm to a maximum of 3.54 mm and a
mean of 1.28 mm during an average of 2.7 years after pros-
theses placement. The one-stage surgery and two-stage sur-
gery showed significant differences in marginal bone resorp-
tion, with less bone resorption observed in the former.(Table
9) Two implants in two male patients with CMS, one implant
in one male patient with perforation of the sinus membrane,
and two implants in one male patient and one female patient
without any disease showed more than 2.0 mm progres-
sive marginal bone resorption during an average monitoring
period of 2.7 years. Furthermore, overall, no falling off or
looseness, pain, infection and abnormal feeling, or inflam-
mation in the peri-implant was observed for the 64 implants.
The panoramic views showed no shadows during the 24 to
68 months’ follow-up period. Therefore, the success rate and
survival rate of the implant were 92.2% and 100%, respec-

tively.
V. Conclusion

This study reported the clinical findings on sinus elevation

Assessment of the autogenous bone graft for sinus elevation

surgery with immediate implant placement and subsequent
implant placement using autogenous bone graft or autog-
enous bone in combination with Bio-Oss graft. Based on the
evaluation results on the resorption level using the panoramic
views taken before the surgery, immediately after the sur-
gery, 6 months after the surgery, and final follow-up time, the
following conclusions were drawn:

1. The bone graft resorption rate in the male patients group
on the final follow-up was significantly higher than that in
the female patients group; note, however, that there was no
significant difference in bone resorption rate by patients’ gen-
der 6 months after surgery.

2. The bone resorption rate after single autogenous bone
graft was significantly higher compared to the autogenous
bone combined with Bio-Oss.

3. The resorption rate of maxillary sinus bone graft in the
one-stage surgery group was significant higher than that in
the two-stage surgery group.

4. The resorption rate of maxillary sinus bone graft in the
higher residual bone height group (>4 mm) was significant
higher than that in the residual bone height group (<4 mm).

5. There was no significant correlation with the resorp-
tion rate of maxillary sinus bone graft among patients’ age,
implant size, implant placement region, local infection, and
surgical complication.

6. During an average monitoring period of 2.7 years, the
success rate and survival rate of the implant were 92.2% and
100%, respectively.

The results suggest that maxillary sinus floor elevation with
autogenous bone graft through the lateral window approach
technique is feasible and safe, and that the elevation of max-
illary sinus floor is predictable in implant rehabilitation for
patients with reduced vertical bone height in the posterior
maxillary region.
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