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Maxillary sinus floor elevation
surgery with BioOss1 mixed
with a bone marrow concentrate
or autogenous bone: test of
principle on implant survival and
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Abstract. The purpose of this study was to assess implant survival and 1-year clinical
performance of implants placed in the posterior maxilla that had been subjected to
maxillary sinus floor elevation surgery with bovine bone mineral (BioOss1) mixed
with autogenous bone marrow concentrate or autogenous bone. In a randomized,
controlled, split-mouth design study, a bilateral sinus floor augmentation procedure
was performed in 12 edentulous patients. At random, one side was treated with
BioOss1 seeded with an iliac crest bone marrow concentrate enriched in
mesenchymal stem cells (test side) and the other with BioOss1 mixed with
autogenous bone (control side). Three to four months after augmentation, 66
implants were placed. Implant survival, plaque, gingival, and bleeding indices,
probing depth, and peri-implant radiographic bone levels were assessed at baseline
and 12 months after functional loading. During osseointegration, three implants
failed on the test side (two patients) and no implants failed on the control side,
resulting in 3-month survival rates of 91% and 100%, respectively. No implants
were lost after functional loading and no differences in soft tissue parameters or
peri-implant bone loss were observed between the control and test sides. After 1
year in function, no clinically relevant differences were observed regarding soft
tissue parameters or peri-implant bone loss.
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Introduction

The application of dental implants to sup-
port prosthetic constructions has evolved
into a viable alternative to conventional
prosthetic procedures,1,2 although implant
procedures in the posterior maxilla often
pose a problem due to insufficient pre-
existing bone.3,4 An insufficient volume of
bone to allow for reliable primary place-
ment of implants can be solved by a
maxillary sinus floor elevation procedure
using autogenous bone, bone substitutes,
or a mixture of autogenous bone and bone
substitutes, as grafting materials.5 Cur-
rently, the most reliable and well studied
grafting materials for sinus floor augmen-
tation surgery are autogenous bone and
mixtures of autogenous bone with bovine
bone material (BioOss1; Geistlich
Pharma AG, Wolhusen, Switzerland).5,6

It is questionable, however, whether add-
ing autogenous bone to biomaterials such
as BioOss1 is necessary, as the morbidity
of the procedure might be considerably
less when no donor site is needed.

In recent animal studies it has been
shown that seeding BioOss1 with
mesenchymal stem cells (MSCs) derived
from concentrated, non-mineralized tissue
may result in bone-forming kinetics com-
parable to bone-forming kinetics in a
region solely reconstructed with autoge-
nous bone. These promising results from
an in vitro and animal study7 prompted a
study in humans. In a randomized con-
trolled trial, differences in bone formation
occurring after maxillary sinus floor ele-
vation surgery with BioOss1 combined
with either an autogenous bone marrow
concentrate (enriched in MSCs) or auto-
genous bone was assessed. The primary
endpoint was the percentage of new bone
formed at 3 months after the elevation
procedure, i.e. at the time of implant pla-
cement.8,9 From this trial it was concluded
that MSCs derived from an aspirate of the
posterior iliac crest seeded on BioOss1

particles indeed can induce the formation
of a sufficient volume of new bone to
allow for the placement of implants within
a time-frame comparable to that of apply-
ing either solely autogenous bone or a
mixture of autogenous bone and BioOss1.
This time-frame is considerably shorter
than when only BioOss1is applied.5,8–10

Adding MSCs to a bone substitute could
be an alternative to the use of autografts as
a grafting material, thereby reducing
donor site morbidity,11,12 particularly
when larger grafts are needed. For exam-
ple, as the iliac crest is commonly used as
the donor site for patients who need a
bilateral, vertical maxillary sinus lift,
replacement of autogenous bone with
bone substitutes might considerably
decrease the morbidity and discomfort
of the grafting procedure from the per-
spective of the patient.

As the results of the trial described
above were very promising, the next step
should be to assess whether, after loading,
dental implants placed in an area recon-
structed with MSC-enriched bone marrow
concentrate perform at least as well as
implants placed in an area reconstructed
with a mixture of autogenous bone and
BioOss1. Therefore, the aim of the cur-
rent study was to assess implant survival
and 1-year clinical performance of
implants placed in the posterior maxilla
that had been subjected to maxillary sinus
floor elevation surgery with BioOss1

mixed with MSCs or BioOss1 mixed with
autogenous bone.

Patients and methods

The study described in this paper was a
clinical follow-up of 12 patients who were
involved in the randomized, double-blind,
split-mouth study of Rickert et al.8 on
bone formation in maxillary sinuses
reconstructed with a mixture of BioOss1

and a bone marrow concentrate enriched
in MSCs, or with a mixture of BioOss1

and autogenous bone. The patients had
been referred to the department of oral
and maxillofacial surgery because of
insufficient retention of their upper den-
ture related to a severely resorbed maxilla
and were selected on the basis of the
following inclusion criteria: (1) severely
resorbed maxilla (class V–VI) with
reduced stability and retention of the
upper denture; (2) �4 mm bone height
between the maxillary sinus and the top
of the maxilla on both sides; (3) class IV
bone quality; (4) edentulous period of at
least 1 year; (5) no history of radiotherapy
in the head and neck region; (6) no history
of reconstructive or pre-prosthetic surgery
or previous oral implantology.

Orthopantomograms, lateral cephalo-
grams, and postero-anterior oblique radio-
graphs were made to assess the height of
the maxillary alveolar bone, the dimen-
sions of the maxillary sinus, and the
antero-posterior relationship of the max-
illa to the mandible. The radiographs were
also screened for sinus pathology.

A bilateral sinus floor augmentation
procedure of the atrophic maxilla was
performed in these patients (mean age
60.8 � 5.9 years, range 48–69 years). At
random, by use of envelopes, the augmen-
tation procedure was performed on one
side with BioOss1 seeded with a bone
marrow concentrate from the posterior
iliac crest enriched in MSCs (test side);
the contralateral side was augmented with
a mixture of 70% biomaterial (BioOss1)
and 30% autogenous bone (harvested from
the retromolar area of the mandible; con-
trol side), as commonly applied in recon-
structive surgery.6 Endosseous implants
(Straumann Standard SLA1 implants;
diameter 4.1 mm, length 12 mm, RN;
Institut Straumann AG, Basel, Switzer-
land) were placed 3–4 months after the
sinus floor elevation procedure. Depend-
ing on the available intermaxillary space
and prosthodontic needs, two to three
implants were place on each side of the
posterior maxilla. A total of 66 implants
could be installed with primary stability.
After an osseointegration period of 3
months, the prosthetic construction, being
an implant-supported overdenture, was
fabricated in accordance with the proce-
dure described by Slot et al.13

The treatment outcome of the 12 eden-
tulous patients needing bilateral sinus
floor elevation surgery was evaluated in
the current study. The protocol was
approved by the institutional ethics com-
mittee and the study was conducted in
accordance with the Declaration of Hel-
sinki. Informed consent was obtained from
all patients.

Implant survival

A surviving implant was defined as an
implant in place at the time of assessment.

Clinical examination

All 12 patients were evaluated after the
placement of the suprastructures (baseline,
T0) and at 12 months after functional
loading (T12), by a single dentist (WJS)
who was blinded to the grafting proce-
dures. The soft tissue measurements out-
lined below were done at both
assessments.

Plaque index (Silness and Loe)14

Score 0: no plaque. Score 1: a film of
plaque adhering to the free gingival mar-
gin and adjacent area of the implant/abut-
ment; the plaque may be seen in situ only
after application of disclosing solution or
by using the probe on the implant/abut-
ment surface. Score 2: moderate accumu-
lation of soft deposits within the mucosal
pocket, or on the implant/abutment and
mucosal margin, which can be seen with
the naked eye. Score 3: abundance of soft
matter within the gingival pocket and/or
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on the implant/abutment and mucosal
margin.

Gingival index (Loe and Silness)15

Score 0: absence of inflammation. Score 1:
mild inflammation, slight change in colour
and little change in texture. Score 2: mod-
erate inflammation, moderate glazing, red-
ness, oedema, and hypertrophy, bleeding
on pressure. Score 3: severe inflammation,
marked redness and hypertrophy, ten-
dency towards spontaneous bleeding,
ulceration.

Bleeding index (Mombelli et al.)16

Bleeding on probing was evaluated around
each implant (mesial, distal, buccal, and
lingual). Score 0: no bleeding. Score 1:
spot bleeding. Score 2: linear bleeding.
Score 3: spontaneous bleeding.

Probing depth

Probing depth was determined using a
William’s periodontal probe, mesial, dis-
tal and buccal from the implant. All depths
were noted to the nearest millimetre on the
probe.

Morbidity

Complications, postoperative morbidity,
and patient acceptance of the procedure
were evaluated by review of the medical
records.11

Radiographic examination

After implant placement (baseline, T0)
and at 12 months after loading of the
implants (T12), standardized digital
intraoral radiographs were taken using a
long-cone paralleling technique, as
described in detail by Meijndert et al.17

Full-screen analysis of the radiographs
was performed using specifically designed
software. Radiographs were calibrated
according to the known diameter of the
implant. Reference points for measuring
peri-implant marginal bone levels were
the implant/abutment junction and the first
bone to implant contact. Both mesial and
distal aspects of each implant were mea-
sured by one examiner (WJS).

Patient satisfaction

Patients were asked to give a score on
general satisfaction with wearing the pros-
thetic construction before and after
implant treatment. Patient satisfaction
was assessed using a rating scale ranging
from ‘very dissatisfied’ (score 1) to ‘very
satisfied’ (score 10).18

Statistics

Because of the limited number of patients,
the statistical analysis was restricted to
descriptive statistics.

Results

All 12 patients completed the 12-month
post-implant loading follow-up period. No
objective or subjective sensory distur-
bances or complications were reported
in the regions where the posterior iliac
crest was punctured, or were retromolar
bone had been harvested.

Implants

During the osseointegration period (mean
14.8 � 0.7 weeks, range 13.3–15.8
weeks), three implants (in two patients)
were mobile on the test side and had to be
removed (implant survival rate 91%),
while no implants were lost on the control
side (implant survival rate 100%). One
implant had to be removed 8 weeks after
implant placement and two implants had
to be removed 12 weeks after implant
placement. In one patient the bar supras-
tructure could be made on the remaining
two implants on that side, while in the
other patient one of the two lost implants
had to be replaced (no additional grafting
was needed). After replacement, healing
was uneventful and this patient could also
be provided with an adequately function-
ing implant-supported maxillary overden-
ture. No implants were lost after loading of
the implants.

Clinical and radiographic examinations

At baseline, the mean vertical height of the
alveolar bone on the orthopantomogram
between the most caudal part of the max-
illary sinus and the oral cavity was
2.1 � 0.3 mm on the right side and
2.2 � 0.6 mm on the left side in the pre-
molar and molar region. After grafting, the
vertical bone heights were 14.2 � 0.4 mm
and 14.4 � 0.3 mm, respectively.

Analysis of soft tissue parameters (pla-
que, gingival, and bleeding indices, and
probing depth) did not reveal any differ-
ence between T0 and T12 within and
between the two groups. The highest score
for all indices at both times was score 1,
which is not clinically relevant. Average
scores for the plaque, gingival, and bleed-
ing indices were 0.12 � 0.37, 0.06 � 0.3,
and 0.21 � 0.43, respectively. At T0 the
average probing depth was 4.1 � 0.6 mm
on the test side and 4.2 � 1.0 mm on the
control side. After 1 year (T12), the aver-
age probing depth was 4.3 � 0.8 mm on
both sides.

Analysis of radiographic examinations
showed a marginal bone loss of
0.47 � 0.31 mm on the test side and
0.41 � 0.25 mm on the control side
between T0 and T12.

Patient satisfaction

Patient satisfaction with functioning of the
maxillary denture after treatment was
high. The patients rated their conventional
maxillary denture as 4.5 � 1.6. This score
improved when wearing an implant-sup-
ported maxillary overdenture (8.4 � 1.4).

Discussion

This study showed comparable 1-year
post-functional loading results for the
two methods (BioOss1 + MSCs and
BioOss1 + autogenous bone) applied for
maxillary sinus floor elevation, as
described by Rickert et al.8 for implant
insertion in the posterior maxilla, with
respect to the peri-implant soft tissue para-
meters and peri-implant bone height.
However, the implant survival rate, a pri-
mary outcome parameter, tended to be
lower in the test group.

In the current study, the implant survi-
val rate in the test group was 91% and in
the control group was 100%. The survival
rate in the test group is slightly lower than
the range of survival rates reported in the
studies reviewed by Slot et al.2 The latter
authors reported that the survival rate for
maxillary implants placed after sinus floor
elevation ranges from 94% to 100% in the
first year after functional loading. This
implant survival rate is also in line with
the results of the systematic review by
Emmerich et al.19 reporting a short-term
survival rate of osteotome installed
implants in partially edentulous posterior
maxillary areas of 95.7%. It is also in
agreement with the results of other studies
reporting a lower implant survival rate in
the maxillae of edentulous patients com-
pared to partially edentulous patients.20–22

Finally, Visser et al.1 reported that more
favourable implant survival rates were
seen in edentulous maxillae that were less
resorbed. In the current study the maxillae
were moderately to severely resorbed.

A healing period of 3 months, as well as
reducing morbidity, was an advantage of
this study. However, cases with relatively
soft bone at the time of implant placement
might benefit from a longer healing
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period, as no problems were encountered
when lost implants were replaced at a later
stage (the bone was probably firmer at that
time). This observation and also the lower
implant survival rate in the test group
might indicate that a healing time of 3
months is at the low end for the test
method; this may indicate the need to
postpone implant placement. However,
if the application of MSCs requires a
longer healing time, the benefit of adding
MSCs to a bone substitute is in doubt; in
that case the benefit of applying MSCs
does not outweigh the extra procedure and
costs needed over applying only a bone
substitute to graft a maxillary sinus. Yil-
dirim et al.10 examined sinus floor eleva-
tion procedures with only BioOss1 with a
healing time of 6.8 months. In the study of
Rickert et al.,8 all implants could be placed
with primary stability; at 3.8 months after
treatment, both the test and control sides
showed more new bone formation than
found in other studies after a healing
period of 6–9 months in which patients
were treated with BioOss1 alone.6,23 His-
tomorphometrical evaluation did not show
a dissimilar histomorphology between
bone biopsies obtained from sites where
implants were a success or where implants
failed.8

The amount of peri-implant bone loss as
measured on intraoral radiographs should
be considered within the limits related to
the radiographic technique. Intraoral
radiographs transform a three-dimen-
sional reality into a two-dimensional pro-
jection. Therefore, some information
could be missed. The analysis of radio-
graphic examinations showed slight
changes in marginal bone levels. In the
first year after wearing an overdenture, the
vertical bone loss (implant/abutment junc-
tion to the first bone/implant contact) was
on average 0.47 mm on the test side and
0.41 mm on the control side, which is
clinically acceptable. These results of
marginal bone loss are in accordance with
those of previous studies, which have
reported changes of marginal bone levels
varying between 0.3 mm and 0.92 mm.2,24

As expected from other studies, patient
satisfaction with regard to wearing their
implant-supported maxillary overdenture
was high.1,21,25 Patient satisfaction for
those who lost implants was not lower than
for patients who did not lose any implants.

In conclusion, the two techniques
(BioOss1 + MSCs and BioOss1 + auto-
genous bone) for maxillary sinus floor
elevation, as a reconstructive procedure
to enable implant insertion in the posterior
maxilla at a later stage, were shown to
be equally reliable methods regarding
peri-implant soft tissue parameters and
reducing donor site morbidity. However,
when taking the lower implant survival
rate into account, the use of a bone marrow
concentrate enriched in MSCs as an alter-
native to autogenous bone is not yet
recommended when a healing period of
3–4 months (as commonly accepted for
the sole used of autogenous bone) is
undergone before implant placement.
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ger U, Lang NP. Patients’ satisfaction fol-

lowing implant therapy. A 10-year

prospective cohort study. Clin Oral Implants

Res 2005;16:185–93.

Address:
Arjan Vissink
Department of Oral and Maxillofacial Sur-
gery
University Medical Center Groningen
PO Box 30.001
9700 RB Groningen
The Netherlands
Tel.: +31 50 3613840; Fax: +31 50 3611161
E-mail: a.vissink@umcg.nl

http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0085
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0085
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0085
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0085
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0085
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0090
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0095
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0095
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0095
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0095
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0100
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0100
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0100
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0100
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0100
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0105
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0105
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0105
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0105
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0105
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0110
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0115
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0120
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0125
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0125
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0125
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0125
http://refhub.elsevier.com/S0901-5027(13)01091-6/sbref0125
mailto:a.vissink@umcg.nl

	Maxillary sinus floor elevation surgery with BioOssÛ mixed with a bone marrow concentrate or autogenous bone: test of principle on implant survival and clinical performance
	Introduction
	Patients and methods
	Implant survival
	Clinical examination
	Plaque index (Silness and Loe)14
	Gingival index (Loe and Silness)15
	Bleeding index (Mombelli et™al.)16
	Probing depth
	Morbidity

	Radiographic examination
	Patient satisfaction
	Statistics

	Results
	Implants
	Clinical and radiographic examinations
	Patient satisfaction

	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	References


