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ABSTRACT

Objective: The aim of this study was to evaluate the long-term changes in the vertical bone

height after sinus augmentation and simultaneous implant placement.

Patients and Method: Twenty-nine patients had received a sinus floor elevation with
simultaneously inserted implants. The sinus floor elevation was performed through a lateral
window osteotomy. The implant sites were prepared using the conventional drilling technique. The
vertical bone height was measured from immediately, 6 months, 1 year and 5 years postoperative
radiographs.

Results: A significant reduction of vertical bone height occurred during the first 12 months
after which the resorption rate slow down and bone height eventually became stable (P<0.001).

Conclusion: Sinus augmented sites showed a radiographic reduction of the vertical height over
the first year and minimal changes had been observed in the 5-year period following maxillary sinus
floor elevation.

KEY WORDS: Sinus floor elevation, bone grafting, dental implant, long term observation,
vertical bone height.

INTRODUCTION associated with nutritional deficiencies, oral pain,

) ) ) and poor psychosocial functioning.
Periodontal disease and dental caries are the

During the last 40 years, osseointegrated

main causes of tooth loss and the incidence of .
dental implants have become one of the most

edentulous patients varies worldwide between 7% | ;sed biomaterial to replace missing or lost teeth

and 69% . Complete or partial tooth loss is often  and the treatment has been characterized by a
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highly successful outcome of complete, partial
or single edentulism “. Oral rehabilitation with
implant-supported prosthesis have shown improved
masticatory function and oral specific health-
related quality of life compared to removable
dentures®”. However, placement of implants
in the posterior part of the maxilla is frequently
compromised or impossible due to atrophy of the
alveolar process, poor bone quality and maxillary
sinus pneumatization. Therefore, vertical alveolar
ridge augmentation is often necessary before or in

conjunction with installation of implants.

Various  surgical approaches comprising
elevation of the Schneiderian membrane have
been proposed to achieve the necessary vertical
height of the alveolar process for the installation
of implants with a sufficient length including
maxillary sinus floor augmentation with the lateral
window technique, osteotome-mediated sinus floor
elevation 9. However, the treatment of choice for
the most appropriate surgical intervention for oral
rehabilitation of the atrophic posterior maxillary
ridge with implants is influenced by the vertical
height of the residual alveolar bone, local intrasinus
anatomy and the number of teeth to be replaced !?.

Different types of biomaterials have been used
for maxillary sinus floor augmentation including
autograft, allograft, xenograft, alloplast, and growth
factors, and the selection of the ideal graft material
has been a subject of controversy over the years.

However, augmented sites were subjected to a
conversion processes over time, which can lead to
a considerable decrease in bone over a time after
augmentation ¢!

Long-term graft stability is essential for
incorporating dental implants with a good prognosis.
Bio-oss showed slow resorption rate that allow better
volumetric stability and resist the repnumatization
of the maxillary sinus. It tent up the elevated sinus
membrane, thus maintaining the physical dimension
of the graft In comparative studies, the volumetric

stability of the graft with Bio-Oss, or different ratios
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of Bio-Oss and autogenous bone, has been assessed
after 12 weeks in minipigs using unbiased three-
dimensional quantitation of computed tomography
Images. The volumetric stability of the graft was
significantly influenced by the ratio of Bio-Oss and
autogenous bone. (!114:26)

Only a few studies have directly investigated
the long-term stability of bone augmentations and
vertical bone changes with an adequate follow-up.
To date, there is no evidence regarding the long-
term stability of bone grafts; long-term studies
are needed to investigate changes in bone height
and implant survival rate when augmentation is
performed prior to implant insertion. -9

The aim of this study was to evaluate the long-
term changes in the vertical bone height after sinus
augmentation and simultaneous implant placement
and implant survival in a 5-year longitudinal study.

PATIENTS AND METHODS

Participants

Forty implants were placed in a total of 29 pa-
tients participated in this study, ranging in age from
30 to 56 years (mean 41.7+7.35). They were seeking
fixed prosthetic restoration for their posterior maxil-
la. Cases with a limited bone height below the floor
of the maxillary sinus were particularly selected for
this study. The sinus augmentation procedures

The participants were recruited from Outpatient
clinics, Faculty of Dentistry, Cairo University and
followed from 2012 through 2017. Patient selection
was based on certain inclusion and exclusion
criteria.

The inclusion criteria include that patients must
have a maxillary partial (unilateral or bilateral)
edentulism involving the premolar/molar areas and
the presence of 5-7 mm crestal bone between the si-
nus floor and alveolar ridge. While exclusion crite-
ria include smoking, patients with systemic diseas-
es, maxillary sinus pathology, and those with recent
extractions (less than 1 year) in the involved area.
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Completed medical and dental history was taken
from all patients and alveolar bone was evaluated
using CBCT. Patients were fully informed about
the treatment procedures, follow-up examinations
and complications of surgical procedures. Informed
consent was obtained from each patient prior to
participation in the study. Study was conducted in
accordance with Helsinki Declaration of 1975 for
medical studies as revised in 2000.

All Patients were subjected to a standardized
surgical protocol by the same surgeon and another
operator carried out the postoperative measurements

Surgical Procedure

Before surgery, the mouths were rinsed with
a chlorhexidine digluconate solution 0.2% for 2
minutes. With the patient under local anesthesia,
a crestal incision was performed slightly palatally,
supplemented with 2 buccal releasing incisions,

(3105)

mesially and distally. Full thickness flaps were
elevated to expose the alveolar crest and lateral wall
of the maxillary sinus.

A large bony window was created in the lateral
wall of the maxillary sinus. The osteotomy at the
inferior aspect of the window was made at or as
close to the level of superior aspect of residual
alveolar bone height. Cutting was applied in a light
staccato fashion to strip away the outer bony cortex
without damaging the Schneider membrane Fig (1).

The sinus membrane was elevated with curettes
of different shapes until it became completely
detached from the lateral and inferior wall of the
sinus Fig (1).

Once the sinus lifting procedure is completed
implants (Swiss Plus Implant System, Zimmer
Dental Inc, Aston Avenue, USA) were placed

according to the manufacturer’s surgical protocol.

Fig. (1) Sinus membrane elevation procedures
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Thereafter the grafting materials (Bio-oss,
Geistlich pharma AG, Wholhusen, Switherland)
were mixed with saline and carefully packed in the
sinus cavity. Flaps were sutured.

The patients received detailed verbal and written
Antibiotic
consisting of 1 g amoxicillin (Augmentin 1 gm,

postoperative  instructions. therapy
Smithline Beecham Pharmaceutical Co., Bentford,
England) every 12 h for 4 days and mouth rinsing
with 0.2% chlorhexidine (Hexitol mouth wash, the
Arab Drug Co., Cairo, Egypt) every 8 h for 10 days
were prescribed. The suture was removed one week

postoperatively.

Radiographic evaluation:

The radiographic evaluation has been carried
out using a standard CBCT (Scanora3DX, Sordex,
Tuusula, Finland). The area of interest was identified,
and axial correction of the view was performed in
conformity with angulation of the alveolar ridge.

All the measurement of vertical bone height
was performed using software of Ondemand 3D
(ondemand3D software, Cyber Med, Korea.). For
this purpose, Patients during the postoperative
follow-up received CBCT immediately after the
implant placement, 6 months, 1 year and 5 years
postoperatively.
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Linear measurements were taken by the same
calibrated examiner. The vertical bone height was
measured for each augmented implant site from the
implant neck area in contact with crestal bone to
the most apical extent of bone augmentation at the
mesial, distal and mid-center areas and averaged to

determine the total vertical bone height (Fig. 2)

Statistical Analysis:

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. Data
were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY:
IBM Corp). The Kolmogorov- Smirnov, Shapiro
and D’agstino tests were used to verify the normality
of distribution of variables, Comparisons between
groups for categorical variables were assessed using
Chi-square test (Fisher or Monte Carlo). Student
t-test was used to compare two groups for normally
distributed quantitative variables. Mann Whitney
test was used to compare between two groups
for abnormally distributed quantitative variables.
Significance of the obtained results was judged at
the 5% level.

Fig. (2) The radiographic measurements of the alveolar ridge height
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RESULTS

A total of 40 implants were placed in a total of
29 patients participated in this study, ranging in age
from 30 to 56 years (mean 41.7+7.35). The height
of bone in the selected cases range from 4.8 to 6.1
(mean 5.41 £0.42).

Forty implants were placed in the maxillary
posterior teeth, twenty-nine implants (72.3%) at the
molar region and elven (27.7%) in premolar region
The patients received implants with mean length
10.83+1.023 (Range: 10-12mm). All the placed

implants are 3.7mm diameter.

The surgical procedure was performed without

any complication in all patients except for 2 cases

Fig. (3) Final restoration 2™ premolar & 1% molar

(3107)

that showed perforation in the sinus membrane and
were excluded from the study. All implants healed
without any complications until the final follow up
visits. No signs of peri-implantitis were recorded
throughout the 5 years follow-up period. Moreover,
no patients reported any adverse actions such as
pain or altered sensation in the treated areas during
follow up period. The definitive restorations were
porcelain fused to metal cement retained that were
delivered 4- 6 months after implant placement.

(fig.3)

The grafted height of the alveolar ridge was
measured from the CBCT sagittal and coronal view
on intervals of immediate, 6™ month, 1 year and 5

years postoperatively.

The mean height of grafted alveolar ridge in the
immediate postoperative was 8.166+1.29 and at the
6™ month postoperative interval was 7.25+0.91. In
the subsequent follow up interval, the height of the
graft remained unchanged and measured 7.033+0.86
in the 1* year and 5™ year postoperative. (table 1 &
Fig. 4)

The mean height of grafted alveolar ridge had
no statistical significant difference in the following
postoperative intervals (6™ month, 1% year and
5% year postoperative) when compared with the
immediate postoperative measurements. (table 2)

Fig. (4) Radiographic follow up a- 6" month postoperative b- 1- year postoperative c- 5- years postoperative follow-up
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TABLE (1) The mean height of grafted alveolar ridge in mm immediately after grafting and postoperatively
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N=40 Minimum Maximum Mean
Height of graft immediate 6.31 10.13 8.166+1.29
Height of graft at 6 months postoperative 6.1 8.9 7.25+0.91
Height of graft 1 year postoperative 6 8.4 7.033+0.86
Height of graft 5 years postoperative 6 84 7.033+0.86

TABLE (2) Comparison of the mean height of
grafted alveolar ridge between the follow

up intervals

(I) Group (J) Group Sig*
Imm 6M 0.306
1Y 0.119
5Y 0.110
6M Imm 0.306
1Y 0.992
5Y 0.992
1Y Imm 0.119
6 M 0.992
1Y 1.00
5Y Imm 0.119
6 M 0.992
1Y 1.00

*The mean difference is significant at the .05 level.

DISCUSSION

Rehabilitation of the partially edentulous
posterior maxilla with dental implants has proven
to be a challenge for the dental implant team
due to a deficiency of available bone volume,
especially vertical bone height. Atrophy observed
in the posterior maxilla is due to progressive
bone resorption that accompanies tooth loss,
pneumatization of the maxillary sinus, and age over
time. This pneumatization process is accompanied
by crestal bone loss that also prevents implant

placement. ¢-©

The successful outcome of any implant procedure
needs a series of patient-related parameters such
as bone volume and quality besides procedure-
dependent parameters such as type of implant and
surgical procedures. The importance of the implant
and graft stability in long term clinical success is
also well recognized. 1517

However, many studies have reported radiopac-
ity upon radiographic examination of the bone re-
generate in the augmented sites was flatter or con-
cave at 6™ month postoperatively; this could be at-
tributed to the laminar flow effect of air going in
and out the sinus, thus massaging the upper surface
of the regenerated. This phenomenon may affect the
long-term survival rate of the dental implants placed
in the augmented sinus. 1829

The aim of present study was to evaluate the
long-term changes in the vertical bone height after
sinus augmentation and simultaneous implant
placement.

The present study examined the changes in bone
height after augmentation using sinus elevation
lateral window approach with a follow-up period
of 5 years. All included patients had atrophy of the
edentulous or partially edentulous jaw and received
an augmentation with the sole use of Bio-oss bone
graft.

Bone reduction in grafted areas for all patients,
measured as loss in total bone height, initially
decreased significantly and then the rate of resorption
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slowed down over time with no statistical significant
in the 6™ month, 1* year and 5" year postoperative
when compared with the immediate postoperative
measurement.

This agreed with the results of Zijderveld et al.!?
who investigated the long-term changes in graft
height after maxillary sinus floor elevation with
autologous bone from the chin (group 1) and 100%
beta-tricalcium phosphate (group 2) with a follow-
up of 4.5 years. The radiographic evaluation showed
no differences between the grafting groups over
time. They reported an initial bone height reduction
in the first 1.5 years. After 1.5 years, changes were
minimal and not statistically significant.

Another study Wiltfang et al.1? also investigated
the changes in bone height after sinus floor elevation
and onlay grafting with iliac bone with a five-year
follow-up. After 12 months, initial bone loss of 20%
was demonstrated using the onlay grafting method
and 17% using sinus elevation; the five-year follow-
up reported no further decrease in bone height
following 1 year after augmentation.

Furthermore, Starch et al.*" in their systematic
review to the maxillary augmentation
concluded that the reduction in the vertical bone
height after augmentation was significant during
the first year, after which the resorption decreased.

sinus

This could be explained by the healing process
after bone graft transplantation is takes place
in different successive steps. First, resorptive
processes dominate in the context of inflammation.
Afterword’s, the graft is vascularized, and the
proliferating cells can penetrate the bone graft.
The transplanted bone is resorbed and replaced
successively with new bone. **%)

Applied to this study results, this process
seems to lead to decreased bone volume, which
might explain the initial bone resorption in the
first 12 months. After the initial bone resorption,
the regenerated bone shows the same biological
behavior as nonregenerated natural bone and will
remain stable even after 10 years.®*?>

(3109)

CONCLUSION

In conclusion, the results of the study showed
that sinus augmented sites showed a radiographic
reduction of the vertical height over the first year and
minimal changes had been observed in the 5-year
period following maxillary sinus floor elevation.
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