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ABSTRACT

Background: The technique of using bone grafts or different biomaterials for augmentation of the maxillary sinus prior to
implant placement is well accepted by clinicians. However, clinical documentation of some bone substitutes is still lacking.

Purpose: This prospective study was designed to evaluate the success rate of implants placed after maxillary sinus augmen-
tation with a novel synthetic biphasic calcium phosphate (BCP) or deproteinized bovine bone (DBB), the latter acting as
control.

Material and Methods: Nine edentulous patients and two partially edentulous patients with a mean age of 67 years with a
bilateral need for sinus augmentation, <5 mm residual bone in the floor of the sinus and a crestal width >4 mm, were
included in the study. After bilateral elevation of the Schneiderian membrane, all patients were randomized for augmen-
tation with synthetic BCP in one side and DBB in the contralateral side. After 8 months of graft healing, 62 implants with
an SLActive surface were placed. Implant survival, graft resorption, plaque index, bleeding on probing, sulcus bleeding
index, probing pocket depth, and implant success rate were evaluated after 1 year of functional loading.

Results: After a mean of 118 days, all patients received their fixed prosthetic constructions. One implant was lost in each
biomaterial, giving an overall survival rate of 96.8%. Success rates for implants placed in BCP and DBB were 91.7 and
95.7%, respectively. No significant difference in marginal bone loss was found around implants placed in BCP, DBB, or
residual bone, respectively. The mean graft resorption was 0.43 mm (BCP) and 0.29 mm (DBB).

Conclusion: In this limited study, implant success rate was not dependent on the biomaterial used for maxillary sinus
augmentation. Similar results were found after 1 year of functional loading for implants placed after sinus augmentation
using BCP or DBB.
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mechanical characteristics, bone substitutes can vary
widely.*"* Some of them are resorbable or slowly
degradable and some are nonresorbable."”'* The
different properties may be of importance for the
final result, such as maintenance of the graft volume
over time; therefore, increased knowledge about the
biological behavior of these materials in humans is
important.

Both deproteinized bovine bone (DBB) and tri-
calcium phosphate (TCP) are materials that are fre-
quently used and have been well documented.” From a
biological point of view, TCP may be superior to DBB, as
the material dissolves into phosphorous and calcium
ions, which theoretically may stimulate new bone
formation;'>™'® however, one potential drawback is the
quick resorption of TCP. On the other hand, a disadvan-
tage with DBB is the fact that it originates from bovine
bone, which frequently has been questioned."™* If
equivalent results to those with DBB could be obtained
using synthetic biomaterials, this would probably be
preferred.

An earlier problem with synthetic materials was to
mimic human bone and DBB in its structure and
elemental content. During the last few years, Bone-
Ceramic (Straumann®, Basel, Switzerland) has been
introduced to the market. BoneCeramic® is a biphasic
calcium phosphate (BCP) that consists of 60%
hydroxyapatite (HA) and 40% TCP. A possible advan-
tage with this biomaterial is that the graft volume
will partly remain as only the TCP part will dissolve.
The dissolution of TCP might lead to more interpar-
ticular space for new bone formation."” Furthermore, if
the levels of released calcium and phosphorous ions
stimulate new bone formation, BCP may be a good
substitute to DBB. Today, clinical studies of implants
placed in BCP are lacking; nevertheless, interesting
results have been found in other fields of surgery.”’ In
a recent histological study of sinus floor augmentation,
histomorphometry was performed comparing BCP
with deproteinized bone.” Interestingly, the histology
was found to be similar for both materials, although
more BCP particles were surrounded by fibrous con-
nective tissue. Whether this may have an impact on
implant survival is still to be proven. In a similar study,
newly formed bone-to-graft contact was found to be
significantly higher for DBB, compared with BCP.”
More soft tissue was found in the BCP group and a
significantly lower percentage of remaining graft

material compared with DBB; however, it is not yet
known whether these differences have any clinical
relevance.

To improve osseointegration of dental implants,
efforts to modify the surface properties has been made
throughout the years. The Straumann SLA surface was
developed in 1994 and was found to reduce the
implant healing time significantly.*® In 2006, Strau-
mann’s new SLActive implant surface technology was
introduced to the market. SLActive is a modification
of the SLA surface and showed 60% greater bone
formation around the surface compared with SLA
surface. Earlier formation of mature bone was also seen
in vivo.”

In a clinical study, 383 implants with an SLActive
surface (197 immediately loaded and 186 early loaded)
were placed in 266 patients. After 1 year follow-up, only
four implants failed in the immediate group and six in
the early loading group, giving implant survival rates of
98 and 97%, respectively. The conclusions of this mul-
ticenter study were that Straumann implants with an
SLActive surface are safe and predictable to use even in
poor quality bone.”

The purpose of the present clinical investigation
was to evaluate the 1-year success rate of SLActive
implants placed after sinus augmentation with a novel
biphasic synthetic material (BCP) or DBB, the latter
serving as control.

MATERIALS AND METHODS

Eleven patients, nine completely edentulous
(Figure 1A) and two partially edentulous (six women,
five men) with a mean age of 67 years (range 50 to 79
years), referred to the department of Oral and Maxil-
lofacial Surgery, Public Health Service, Gévle, Sweden
for maxillary sinus floor augmentation (MSFA), were
included in the study. All patients underwent preopera-
tive radiographic examination using Scanora tomo-
grams (Scanora, Soredex Orion Corp Ltd, Helsinki,
Finland), and were included in the study if they had
<5 mm of residual bone in the floor of the maxillary
sinus and a crest width =4 mm. Patients were excluded
if they had any severe disease or smoked more than 10
cigarettes/day.

The study was approved by the ethical review board
in Uppsala, Sweden. All patients were given written
information about the study, and their consent was

registered in their charts.
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Figure 1 A, Preoperative clinical view of an edentulous maxilla in a male patient. B, Postsurgical panoramic view showing grafted
sinuses, right = biphasic calcium phosphate, left = deproteinized bovine bone. Micro implants in position (blue arrows). C, Implants
placed using a nonsubmerged protocol. D, Panoramic view showing fixed bridges after 1 year of loading. E, Clinical photo after 1

year of implant loading.

Surgical Procedure

All 11 patients were treated under local anesthesia, and
a prophylactic measure of 1 g penicillin-V (Kavepenin;
Astra, Sodertilje, Sweden) was given preoperatively and
3 times daily for 7 days.

MSFA was performed bilaterally in all patients,
that is, in a total of 22 surgical sites. In brief, after
a crestal incision and vertical releasing incisions,
a mucoperiosteal flap was elevated and reflected
laterally. An approximately 20-mm wide and 10-mm

high window was outlined with a round bur and the
Schneiderian membrane was elevated together with
the bone window inside the sinus cavity. After random-
ization, augmentation was performed with BCP
(BoneCeramic, Straumann®) in one side of the maxil-
lary sinus floor and with DBB (Bio-Oss®, Geistlich,
Biomaterials, Wolhusen, Switzerland) acting as a
control at the contralateral side. The particle size was
0.5 to 1.0 mm and 0.25 to 1 mm for BCP and DBB,

respectively.
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One micro implant was inserted in each biomate-
rial. The micro implants were 10-mm long with a body
threaded section 2 mm in diameter and a slotted head
(2-mm high). The micro implants were placed vertically
and penetrated both the alveolar crest and the grafting
(Figure 1B). A
(BioGide®, Geistlich, Pharma) was used to cover the

material collagenous membrane
lateral window of the graft. The wounds were closed
using resorbable sutures.

In a second surgical procedure, after a mean graft
healing time of 230 days (range: 210 to 250 days), all
micro implants were removed with a surrounding bone
core using a trephine with a diameter of 3 mm. The
micro implants were prepared for histological analysis.
The result from the histological analysis was the subject
of a separate publication.”?

The trephined holes were used as dental implant
sites on each side. Implants with an SLActive® sur-
face were placed using a nonsubmerged protocol
(Figure 1C).

Prosthetic Procedures

During the first 14 days after the surgical procedure, the
patients did not wear removable dentures. Thereafter,
the dentures were adjusted and relined with Viscogel®
(Dentsply, York, PA, USA), which was changed every
month during the healing period. All patients were reha-
bilitated with fixed prosthetic constructions (Figure 1, D
and E).

Radiographic Examination

Intraoral radiographs were obtained using both analog
(Kodak Ekta Speed Plus; Eastman Kodak, Rochester, NY,
USA) and digital Schick sensors (Schick Technologies,
Long Island City, NY, USA), and imaged with a Philips
Oralix 65 apparatus (Philips, Milano, Italy). The mean
marginal bone level from the reference point on the neck
of the implants was calculated for all implants placed.
The marginal bone level in relation to the implant
shoulder was measured on the left and the right side of
each implant on the radiographs at baseline (when the
fixed prosthetic constructions were fabricated and ready
for hand out) and after 1 year of loading. The measure-
ments were carried out using both a lupe (Peak Scale
Lupe x7 measurement scale) and a digital ruler in
Schick.

To evaluate dimensional changes in height between
the grafted materials, measurements from both conven-

Figure 2 Postsurgical panoramic view showing grafted sinuses,
right = deproteinized bovine bone, left = biphasic calcium
phosphate. Micro implants (blue arrows) in position. Grafted
sinus height (red arrows) was measured as the distance from the
intraoral marginal bone to the highest point of the grafted area.

tional panoramic X-ray (Kodak Lanex medium; Kodak,
Rochester, NY, USA) and digital X-ray panorama
(Schick) were carried out using both lupe (Peak Scale
Lupe x7 measurement scale, Hacienda Heights, CA,
USA) and a digital ruler in Schick. In all measurements,
the magnification on conventional panoramic films
were taken into consideration (panoramic films X 1.3).
All measurements were made twice.

The grafted sinus height (GSH) was evaluated,
defined as the distance from the intraoral marginal bone
to the highest point of the grafted area, both at baseline
and after 1 year of loading (Figure 2).

Clinical Follow-Up

Clinical recording of implant stability was carried out at
the time of abutment connection and bridge connec-
tion, as well as after 1 year of functional loading, with the
bridge removed before recordings. A rotationally mobile
or tender implant was classified as a failure.

The following clinical parameters were registered:
plaque index (PLI), bleeding on probing (BPI), sulcus
bleeding index (SBI), and probing pocket depth (PPD).
All measurements were made at four surfaces of each
implant.

Implant survival and success rates were evaluated
according to Albrektsson criteria.”® An implant was
considered to be successful if the following criteria
were met:

* A clinically stable implant, examined after removing
the fixed prosthesis and tightening the abutments
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+  No signs of pathological reaction, pain, or infection
in the hard or soft peri-implant tissue

+  No peri-implant radiolucency

+  Marginal bone loss did not exceed 2 mm after 1 year
of functional loading.

An implant was considered a failure if removed for
any reason. Implants that were not removed but did not
meet the success criteria were regarded as survivals.

Statistics

A Statistical Package for Social Science (SPSS version
17.0, SPSS Inc., Chicago, IL, USA) was used to perform
the analyses. Differences between mean bone levels were
calculated using the Wilcoxon Signed Rank Test. Com-
parisons between baseline and 1-year follow-up regard-
ing statistical differences between implants placed in
BCP or DBB were made using Fisher’s exact test. One-
way analysis of variance was used to analyze differences
between clinical findings regarding implants placed in
BCP, DBB or in residual bone. PLI, BPI, SBI and PPD
were analyzed using descriptive statistics and paired
I-test.

Analysis of the GSH was performed using a paired
I-test.

To illustrate whether there were any differences con-
cerning marginal bone resorption between implants
placed in DBB or BCP, with the patient as “n” instead of
the implants, a dependent ¢-test was carried out. A sig-
nificant difference was considered if p < .05.

A power calculation with B=80% and o =0.05
assuming that the differences equals the standard devia-
tion was performed. It was shown with a minimum of 11
(including 10% extra to compensate for dropouts)
patients that it will be possible to detect a difference
between the two groups.

RESULTS
Clinical Findings

In all 11 patients, the grafts were placed without any
complications. The mean implant healing time before
functional loading was 118 days (range 97 to 210 days).
Sixty two SLActive® implants were placed, 24 in sites
grafted with BCP, 23 in sites grafted with DBB, and 15 in
residual bone close to the augmented areas (Table 1,
A-C).

One implant placed in each biomaterial was lost.
One placed in DBB was lost only a few weeks after inser-

TABLE 1 Implants in Different Placements (with
Implant Width, Length, and Failures): A, 23

Implants Placed in Bio-Oss®; B, 24 Implants Placed
in BoneCeramic®; C, 15 Implants Placed in Residual
Bone

Length
Width 8 mm 10 mm 12 mm Failure
A
3.3 mm 0 2 9
4.1 mm 7 1 (12 mm)
Total 0 6 16 1
B
3.3 mm 0 1 11
4.1 mm 0 5 6 1 (12 mm)
Total 17 1
©
3.3 mm 1 6 8
4.1 mm
Total 1 6 8 0

tion because of lack of initial stability and one placed in
BCP was lost after 3 months of functional loading
because of infection (see Table 1, A—C). The overall
implant survival after 1 year of functional loading was
96.8%; no significant difference was found between the
three groups.

PLI was registered at 10.0 and 14.2% for implants in
DBB and BCP, respectively. BPI was registered at 11.7%
around the implants placed in DBB and 15.8% for
implants placed in BCP. SBI was registered as 10 and
14.2% around the implants placed in DBB and BCP,
respectively. The mean PPD value was 1.87 £ 1.7 mm
(range 0 to 5.8 mm) and 1.95+ 1.8 mm (range 0 to
5.8 mm) for DBB and BCP, respectively (Figure 3). None
of the differences between the groups for PLI, BPI, SBI,
or PPD was statistically significant.

Radiographic Evaluations

The mean marginal bone loss from baseline to 1 year
of loading was 0.29+£0.10mm (p=.012) and
0.43 £ 0.20 mm (p =.046) for implants placed in DBB
and BCP, respectively. Both groups had a boneloss >0
with a p value (<.05). Implants placed in residual bone
had a mean marginal bone loss from baseline to 1 year of
loading at 0.52 + 0.27 (p =.078). The boneloss was not
statistically significant from 0, p value (<.05).
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Figure 3 Relations between deproteinized bovine bone and biphasic calcium phosphate according to probing pocket depth (PPD)
mean value per implant in mm. Bars indicate 95% confidence intervals.

No statistically significant difference between base-
line and 1 year of loading was found according to mar-
ginal bone levels around the implants placed in DBB,
BCP, and residual bone.

However, one implant in the BCP group had a mean
marginal bone loss exceeding 2 mm because of periim-
plantitis, giving a success rate of 91.7% (Figure 4). The
success rate was calculated to be 95.7% for all implants

z m

Figure 4 Radiographs showing right side augmented with
biphasic calcium phosphate and blue arrows showing
periimplantitis after 1 year of loading.

Baseline

in the DBB group because of the one that was lost
(Figure 5).

No differences could be seen regarding marginal
bone loss around the implants concerning the patient as
a dependent variable (Figures 6 and 7).

There were no statistically significant differences
between BCP and DBB as a grafting material according
to GSH after 1 year of loading (Table 2). The amount of
graft resorption for DBB and BCP was 4 and 4.5%,
respectively.

DISCUSSION

The present study was designed to be able to evaluate
SLActive implants placed 8 months after MSFA with
BCP and DBB. The implants were followed for 1 year of
functional loading. The choice of DBB as a control was
based on its superior documentation compared with
other bone substitutes. Furthermore DBB has been sug-
gested to be the standard of choice among biomaterials
for augmentation of the maxillary sinus.®” A graft
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Figure 5 Bars showing differences in marginal bone level in mm around the implants within the groups of biphasic calcium
phosphate (BCP) and deproteinized bovine bone (DBB). The spread was slightly higher within the BCP group. Four outliers were
registered. Implant nr 22 marked with a star in the DBB group was outside the spread in one side. 1Y = 1-year follow up,
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TABLE 2 Table Showing Grafted Sinus Height in mm for Deproteinized

Bovine Bone (BO) and Biphasic Calcium Phosphate (BC) Initially after
Surgery and after 1 Year of Healing

Time Group n Mean Standard Deviation
Initial BO 11 14.8 2.3

BC 11 14.7 2.2
After 1 year BO 11 14.2 2.8

BC 11 14.0 2.8
Differential initial — 1 year BO 11 -0.6 0.8

BC 11 -0.7 0.6

SLActive® has a chemically modified sandblasted/acid
etched surface maintained by storage in isotonic saline.
This chemically modified titanium surface displays
strongly hydrophilic characteristics.”® Histological
observations of SLActive implants in miniature pigs
have shown evidence of a significantly higher percentage
of bone-to-implant contact compared with implants
with SLA surfaces.”* This leads to a possible faster and
more predictable integration especially on jaws with
poor bone quality.

After 1 year of functional loading one implant,
placed in each graft, were lost giving an overall implant
survival rate of 96.8%. Of the 62 implants, 15 were
placed in residual bone near the edge of the grafted
areas. No implants placed in residual bone were lost.
Success rates for implants placed in BCP and DBB were
91.7 and 95.7%, respectively. The results for BCP and
DBB are in accordance with the general survival rate
for current implant treatment. In a study comparing
implants placed in ordinary bone with implants placed
after sinus augmentation, a decrease in success rate of 5
to 10% was shown.’

In another study, an increased implant failure rate
in elderly patients over 60, with a history of diabetes
mellitus, smokers, postmenopausal patients and patients
on hormone replacement therapy, was found, compared
with healthy patients.”” Within the limitations of the
present study, including 11 patients with a mean age of
67 years, no correlations between implant failure and
age were found. One patient with a former history of
smoking and bruxism developed an average marginal
bone loss exceeding 2 mm for one implant placed in
BCP (Figure 5).

As no statistically significant difference in marginal
bone level was found in this study for implants placed in
BCP, DBB or residual bone, synthetic BCP material

seems to be able to function as a possible substitute
for autogenous bone and DBB. Because the follow-up
period was short, more long-term studies are required to
fully study BCP as a bone substitute material.

Even if DBB and materials consisting of HA are
TCP
no signs of loss of graft height were seen

considered nonresorbable, whereas resorbs

slowly,!1417:30
in the BCP group, probably because of the hard sintered
mixture of HA and TCP.

From a histological point of view, results from biop-
sies harvested from the same patient group showed
equal degrees of newly formed bone formation around
micro implants with an SLA surface placed after MSFA
with BCP or DBB after 8 months of healing.”” Bone
formation mainly took place between the BCP particles
and to a lesser extent on the BCP surfaces compared
with the DBB particles, where a statistically significantly
higher bone to graft particle contact was found
(p=.007). One possible interpretation of the results is
that the BCP particles were less attractive for bone-
forming cells. This conclusion is similar to results from
in vitro and experimental studies using TCP.">'*?!-*

In a recent study in minipigs, BCP materials with
different ratios of HA/TCP (20/80, 60/40, or 80/20) were
compared with deproteinized bovine bone mineral
(DBBM) and particulated autogenous bone as control.”
Defects were prepared in the mandibles of the minipigs
and the healing times were set to 4, 13, 26, and 52 weeks.
BCP (20/80) showed results similar to those of autog-
enous bone grafts, whereas BCP (60/40) and BCP (80/
20) were more equivalent to DBBM. This could indicate
that the ratio of HA/TCP (60/40) may not be optimal for
bone healing.

Results from the present study show similar implant
survival independent of the biomaterial used. This could
mean that the statistically significantly lower newly
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formed bone-to-BCP-particle contact does not affect
the osseous integration of the implants when used in the
maxillary sinus.
Studying GSH
2-dimensions, a computed tomography or cone beam

in 3-dimensions instead of

computed tomography can be carried out. However, this
is a more expensive radiographic technique that consid-
erably increases the level of radiation for the patients.
More prospective and further controlled studies
including long-term follow-ups of loaded implants are
needed in order to recommend a preferred biomaterial.

CONCLUSIONS

In this limited study, there was no significant difference
in implant success rate for SLActive® implants placed in
the augmented maxillary sinus with BCP (91.7%) com-
pared with implants placed in DBB (94.7%) following
1-year of functional loading.
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