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Abstract. The aim of this review was to test the hypothesis of no difference in the

efficacy of bone regeneration when using stem cells in maxillary sinus floor
augmentation surgery in comparison to other grafts. Nine randomized clinical trials
and one follow-up study involving human subjects were identified through a search
of the PubMed/MEDLINE, Scopus, Cochrane, and Web of Science databases,
supplemented by a hand search. No significant difference between groups was
found for the implant survival rate, increase in bone height, marginal bone loss
following implant placement, or new bone formation. With regard to the residual
bone graft, an effect favouring the graft group at 3—4 months (P =0.001) and
favouring the stem cell group at 6 months (P =0.01) was found. Analyses of the
subgroup in which the BMAC system extraction method was used in combination
with Bio-Oss, revealed no difference in new bone formation; however, the results
for residual bone graft at 3 months favoured the control graft (Bio-Oss) (P =0.01),
but at 6 months favoured the stem cells (Bio-Oss + BMAC system) (P =0.01).
Based on all findings, the use of stem cells does not contribute significantly to
greater implant survival rates or the efficacy of bone regeneration following sinus
lift procedures.
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The posterior region of the maxilla often
requires work for the rehabilitation of
edentulous patients. The main challenges
in this region are low bone density and
anatomical limitations due to alveolar
resorption following tooth loss and close

0901-5027/01001355+012

contact with the maxillary sinus'. It is
essential to consider the recovery of bone
volume for rehabilitation in this area.
Maxillary sinus floor augmentation (sinus
lift) is considered the most appropriate
procedure in such cases.

Autogenous grafts are regarded as one
of the best materials for the repair of bone
defects® >. The most notable characteris-
tics of these grafts have been described
widely in the literature, in animal models
and in human and in vitro studies™°. The
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osteoinductive, osteoconductive, and os-
teogenic properties of autogenous grafts
have been demonstrated’. This material
is used to fill the area between the ele-
vated Schneiderian (sinus) membrane
and the posterior maxillary bone ridge.
While autogenous bone grafts have prop-
erties that enhance the quality of hard
tissue recovery, morbidity at the donor
site as well as the difficulties posed by the
technique during the bone preparation
process are important undesirable aspects
to consider” ¥,

Continual advances have been made in
the field of tissue engineering, offering
effective options for the resolution of
such problems and representing a solu-
tion based partially on natural mecha-
nisms of bone growth and development.
One such option is the use of stem cells,
which contribute to bone regeneration.
Moreover, the acquisition of stem cells
is often less traumatic than the acquisition
of autogenous bone, which leads to a
considerable reduction in donor site
morbidity>®* 1°.

Stem cells have pluripotent character-
istics and a mesenchymal origin, with the
capacity to differentiate into specific tis-
sues, depending on molecular stimuli®'’.
In the case of sinus lift, the idea is to
enhance the bone regeneration process
through the differentiation of stem cells
into osteogenic cells''. This process has
demonstrated important bone recovery,
as shown in histological and morphomet-
ric analyses'? '*. Studies involving ani-
mals have demonstrated a positive
response with regard to the effectiveness
of bone repair in the maxillary sinus’.
However, unlike animal studies, research
involving humans is scarce and hetero-
geneous. For this reason, no definitive
method of cellular isolation, scaffold,
and tissue of origin for mesenchymal
stem cell collection have been estab-
lished as the most effective for maxillary
sinus lift procedures.

This situation was observed in recent
systematic reviews related to oral sur-
gery™'®, in which the absence of a con-
sensus about the use of stem cells
associated with bone graft for maxillary
sinus floor augmentation is evident. Thus,
the aim of the present study was to per-
form a systematic review and meta-analy-
sis to evaluate the effectiveness of stem
cells in the bone repair process following
maxillary sinus floor augmentation. The
hypothesis considered was that no differ-
ence would be found in comparison to
other grafts in this procedure with regard
to the efficacy of bone regeneration and
the implant survival rate.

Materials and methods
Study design and registry

This systematic review was conducted
in compliance with the recommenda-
tions found in the Cochrane Handbook

for Systematic Reviews of Interven-

tions'® and the Preferred Reporting

Items for Systematic Reviews and
Meta-Analyses (PRISMA)'’. The guid-
ing question was ‘‘Is the use of grafts
with stem cells more efficacious with
regard to bone regeneration in maxillary
sinus floor augmentation surgery?’’ This
study is registered in the PROSPERO
database (number CRD42017064323).

Eligibility criteria

The search terms were established using
the PICO system: P (patient), i.e. patients
submitted to maxillary sinus floor aug-
mentation surgery; [ (intervention), i.e.
the use of graft material with stem cells;
C (comparison), i.e. comparison to the use
of graft material without stem cells; and O
(outcomes), i.e. outcomes corresponding
to the efficacy of bone regeneration.

The inclusion criteria were randomized
clinical trials that demonstrated the use
and effectiveness of grafts with stem cells
for maxillary sinus floor augmentation
procedures in humans, published in the
English language, with no restriction im-
posed regarding the year of publication.
Studies involving animals, in vitro studies,
ex vivo studies, case series, and reviews
were excluded.

Search strategy

Searches were performed in the PubMed/
MEDLINE, Scopus, Cochrane, and Web
of Science databases for articles published
up to May 2, 2017 using the following
terms: ‘‘stem cells and sinus floor aug-
mentation OR stem cells and sinus aug-
mentation OR stem cells and sinus
elevation OR stem cells and sinus lift
OR stem cells and sinus graft’’. The titles
and abstracts were read by two indepen-
dent, blinded researchers (T.N.-S. and C.
L.) for the pre-selection of potential arti-
cles. Divergences of opinion regarding the
inclusion or exclusion of a study were
resolved by consensus. If necessary, a
third researcher (B.V.) was consulted for
the final decision.

Hand-searches were also performed in
specialized periodicals: British Journal
of Oral and Maxillofacial Surgery, In-
ternational Journal of Oral and Maxil-
lofacial Surgery, Journal of Dentistry,
Medicine and Medical Sciences, Journal

of Cranio-Maxillo-Facial Surgery, Jour-
nal of Oral and Maxillofacial Surgery,
and Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology.

The criteria for the pre-selection of
articles through title and abstract reading
included the use of mesenchymal stem
cells with an osteogenic lineage regardless
of their origin, without a control that
includes other stem cell methods. A kappa
test was used to determine the level of
agreement between the researchers re-
garding the article selection process'®.

Data collection process

Based on the first reading of the articles,
two evaluation tables were created for the
extraction of the data. The first table con-
tained the main identification data, demo-
graphic aspects of the sample, and
quantitative measurement data (clinical,
imaging, and histomorphometric data).
The second table contained the qualitative
data (materials employed, exclusion crite-
ria, initial bone height, and type of im-
plant) to complement the information in
the first table and enable a more in-depth
analysis.

Evaluation of risk of bias

The risk of bias in the randomized clinical
trials was evaluated using the tool proposed
by Cochrane'” and the Review Manager 5.3
software program (The Nordic Cochrane
Centre, The Cochrane Collaboration,
Copenhagen, Denmark).

Summary measures

A meta-analysis was performed with the
quantitative data obtained from the ran-
domized clinical trials using Review
Manager 5.3, considering differences in
mean and standard deviation values. The
P statistic was used for the determination
of heterogeneity (25% =low, 50%
=moderate, and 75% = high). The in-
verse variance method was employed to
determine the most adequate model for
the analysis. A random-effects model was
used if heterogeneity was statistically
significant (P < 0.10) and a fixed-effects
model was used if a larger P-value was
found®®. The inverse variance method
was used for the evaluation of the implant
survival rate and the determination of the
risk ratio (RR) with a fixed-effects model,
considering the dichotomous nature of
the data.



Results
Selection of studies

A total of 590 articles were identified: 104
were found in PubMed, 205 were found in
Scopus, 235 were found in Web of Science,
12 were found in the Cochrane database,
and 34 were found through the hand search.
After analysis of the titles and abstracts, 54
articles were pre-selected. Once duplicates
had been removed, 20 articles were submit-
ted to full-text analysis.

The kappa coefficient after the selection
of'titles and abstracts was 0.87 for PubMed/
MEDLINE, 0.87 for Scopus, 0.93 for Web
of Science, 1.0 for Cochrane, and 1.0 for the
hand search. According to Landis and
Koch'®, these kappa coefficients demon-
strate a high level of agreement.

After the full-text analysis, 10 articles
were excluded: one for using stem cells in
the control groupzl, one for not presenting
quantitative outcome data®, seven for be-
ing case series™'*'*?*2° and one for
being a compilation of four previously
published studies®®. Figure 1 displays
the article selection process.

Thus, 10 articles were selected for the
qualitative and quantitative analyses: nine
randomized clinical trialg®”'%-!!-14:2730
and one follow-up study of a randomized
clinical trial offering additional information

Stem cells in maxillary sinus floor augmentation

that completed the evaluation table®. Of the
nine randomized clinical trials selected for
review, three had a partial split-mouth de-
sign'***%_In one of these studies, all max-
illary sinuses were randomized and a partial
split-mouth  cross-over design  was
employed®®. In the other two studies, the
split-mouth design was performed for bi-
lateral treatment and the remaining patients
were included in the stem cell group'*°.
Three studies employed a complete split-
mouth design®?’~°. Three other studies
employed a design in which half of the
sinuses were randomly allocated to the
control group and half to the stem cell
group”' "' One hundred and thirty-six
patients were included in the studies. Their
mean age was 56.46 years (range 49.1—
60.8 years). Table 1 displays the number
of patients and maxillary sinuses submitted
to stem cell treatment and control treatment
(graft without stem cells), as well as a
description of the clinical cases.

Implant survival rate

The difference in implant survival rate
was not significant when comparing con-
trol grafts and grafts with stem cells
(P =0.06; Risk ratio (RR) of 4.28, (95%
CI 0.95-19.38)) (Fig. 2).

Records identified through
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Imaging characteristics

All studies involved severe bone defects.
The initial alveolar height did not surpass
11.6 mm and most heights were less than
5Smm (Table 2). The increase in bone
height (mm) was evaluated on radiographs
at 4-5 months in two studies!'*°, and no
difference was found between the stem
cell and control groups (P =0.57; mean
difference (MD) —0.38, 95% CI —1.68 to
0.92) (Fig. 3).

Two studies evaluated the increase in
bone height using computed tomography
at a similar postoperative evaluation
1128 Once again, stem cells were
found to have no significant influence on
bone gain (cm?®) (P = 0.24; MD 0.23, 95%
CI —0.15 to 0.62) (Fig. 4).

Two studies evaluated marginal bone
loss following implant placement®'®. No
significant difference was found between
the groups (P =0.42; MD —0.27, 95% CI
—0.93 to 0.39) (Fig. 5).

Histomorphometric characteristics

In the majority of randomized clinical
trials that involved a histomorphometric
analysis, biopsy samples were obtained
3-4 months after maxillary sinus floor
augmentation surgery>'**”>°. No signif-

database searching
(n = 556)

Additional records identified
through other sources
(n=34)

Identification

Screening
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Fig. 1. Article selection process.
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Table 1. Characteristics of studies selected; T, test group; C, control group.
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Presence/residual Bone loss
New bone graft content Increase in Increase after implant
Follow-up  formation (biomaterial) Marrow bone height in bone placement Healing time Implant >
Author Patients Sinuses® after surgery (mean, %) (%) space (mean, mm) (mean, cm®) (mean, mm) (months) survival rate ‘§;
Gonshor 14 7 BIL (7T, 7C)  3-4 months 3—4 months 3—4 months - - - - T:3.74+0.6 - th
et al. 2011 7 UNI (7T) C:183+106 C:49+24 S
Total: 21 T:325+£6.8 T: 258 £13.44 S
(14T, 7C) s
Rickert 11 11 BIL (11T, 3—4 months 3—4 months 3—4 months 3—4 months - - - 3.25-4 - Q
et al. 20117 11C) Total: 22 C:13.08+6.2 C:2647+73 C:5407+7.6 (13-16 weeks) N
T: 18.86 £7.36 T:2896+9.73 T:524+5.9 =
Rickert 12 12 BIL (12T, 12 months  — - - - - 12 months - C: 100%
et al. 2014° 12C) Total: 24 C: 041 +0.25 T: 91%
(Follow-up T: 047 £0.31
of Rickert
et al. 2011%)
Sauerbier 26 7 UNI (6T, 1C) 34 months 3—4 months 3—4 months 3—4 months - 3—4 months - Total: -
et al. 2011°® 9 BIL (18T) C:143+138 C: 193425 C:577+23 C: 1.33 £ 0.62 3.41+0.39
10 BIL (10T, T: 126 £ 1.7 T:313+£27 T:544+£22 (11 samples) C:334+042
10C) T: 1.74 £ 0.69 T:3.46 £ 0.43
Total: 45 (28 samples)
(34T, 110)
Hermund 19 19 UNI (9T, 2.5 years - - - - 2.5 years 4 C: (20/20)
et al. 2012'° 100) C: 1.88 £0.37 100%
Total: 19 T: 1.27+£0.23 T: (15/18)
83%
Wildburger 7 7 BIL (7T, 7C) 6 months 3 months 3 months - - - - - -
et al. 2013%7 Total: 14 C: 11.89 +6.24 C:34.99 +11.89
T:7.46 £4.14 T:42.67+3.57
6 months 6 months
C: 13.95+8.57 C:39.51+93
T: 13.53 £547 T:36.27 +7.87
Payeretal. 6 6 BIL (6T, 6C) 6 months 3 months 3 months - - - — — (44/44) 100%
2014%° Total: 12 C:945+£4.15 C: 1640+ 18.59
T: 10.36 £ 11.83 T: 15.06 £ 12.52
6 months 6 months
C: 1041 £5.25 C:20.26 +£11.32
T: 1417 £3.59 T:17.89 +9.63
Kaigler 23 23 UNI (11T, 12 months  — - - 4 months 4 months - - C: (20/20)
et al. 2015" 120) C:128+28 C:2.1409 100%
Total: 23 T:122+33 T:1.8+1.0 T: (18/19)
94.73%
Pasquali 8 8 BIL (8T, 8C) 6 months 6 months 6 months - - - - - -
et al. 20157 Total: 16 C: 2730 £5.55 C:22.79 +£9.60
T: 55.15£20.91 T: 6.32 + 12.03



Prins etal. 10 6 BIL (6T:

2016° 3 BCP, 3 B-TCP;
6C: 3 BCP, 3
B-TCP)
4 UNI (4T: 2 BCP,
2 B-TCP)
Total: 16
(10T, 6C)

>3 years

6 months

C (B-TCP):

120 £2.6
(MBV)

T (B-TCP):

164 £52
(MBV)

6 months
C (BCP):
147 +32
(MBV)

T (BCP):
151+£23
(MBV)

6 months

C (B-TCP):

29.6 £ 8.2

T (B-TCP):

174 £94

6 months
C (BCP):
19.1+59
T (BCP):
18.5+3.7

5 months

C (B-TCP):

102 £ 1.5

T (B-TCP):

99+13

5 months
C (BCP):
1244+ 1.6
T (BCP):
12.1 1.6

C: (16/16)
100%

T: (27/28)
96.42%

BCP, biphasic calcium phosphate; [3-TCP, beta-tricalcium phosphate; MBV, mineralized bone volume.

2BIL, bilateral; UNI, unilateral.
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Stem Cells Control Grafts Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% Cl
Hermund 2012 3 18 0 20 27.2% 7.74[0.43, 140.26]) 2012 bl >
Rickert 2014 3 34 0 32 26.7% 6.60[0.35, 122.96] 2014 -
Payer 2014 0 22 0 22 Not estimable 2014
Kaigler 2015 1 19 0 20 23.1% 3.15[0.14, 72.88] 2015 *
Prins 2016 1 28 0 16 23.1% 1.76 [0.08, 40.80] 2016 =
Total (95% CI) 121 110 100.0% 4.28 [0.95, 19.38] e R
Total events 8 0
Heterogeneity. Chiz = 0.59, df = 3 (P = 0.90); I2 = 0% olo1 o1 1 1o 1d0

Test for overall effect: Z = 1.89 (P = 0.06)

Fig. 2. Implant survival rate: graft vs. graft + stem cells.

icant difference between the stem cell
group and the control group (graft without
stem cells) was found with regard to the
formation of new bone (P=0.41; MD
2.21, 95% CI —3.09 to 7.51) (Fig. 6A).
The same was true for the formation of
new bone in samples obtained 6 months
after surgery (P = 0.10; MD 4.29, 95% CI
—0.80 to 9.38) (Fig. 6B)"*7"

As can be observed in Table 2, four
studies used the same extraction and cellu-
lar isolation method>”>”*®, in which Bio-
Oss was used as a control and stem cells
were isolated with the BMAC method and
subsequently were installed in Bio-Oss.
This allowed an analysis of subgroups to
be performed with regard to new bone
formation and residual graft content.

In the subgroup analysis, no significant
difference in new bone formation was
found between the stem cell group (Bio-
Oss + BMAC system) and the control
group  (Bio-Oss) at  3—4 months
(P=0.86; MD —0.42, 95% CI —5.04 to
4.20) (Fig. 7A). Moreover, no significant
difference was found between the stem
cell group (Bio-Oss+ BMAC system)
and the control group (Bio-Oss) at
6 months (P=0.36; MD 12.94, 95%
CI —14.72 to 40.60) (Fig. 7B).

In studies that determined the influence
of treatment on the residual graft, the
control group (graft without stem cells)
demonstrated better results in comparison
to the stem cell group in the evaluations
performed at 3—4 months (P = 0.001; MD
9.96, 95% CI 3.92 to 16.01) (Fig. 8A),
whereas a significant difference favouring
the stem cell group was found at the 6-
month evaluation (P =0.01; MD —5.52,
95% CI —9.87 to —1.17) (Fig. 8B).

In the subgroup analysis of residual
graft content, a difference in favour of
the control group (Bio-Oss) was found at
3—4 months (P =0.01; MD 8.13, 95% CI
1.73 to 14.52) (Fig. 9A). At the 6-month
evaluation, the results favoured the stem
cell group (Bio-Oss+ BMAC system)
over Bio-Oss (P=0.01; MD -8.76,
95% CI —15.65 to —1.87) (Fig. 9B).

The final histomorphometric measure
investigated in this review was the marrow
space, which was evaluated in two
studies®?®. In both studies, the control
group was Bio-Oss bovine bone mineral
+ autogenous graft. Asseenin Fig. 10, more
marrow space was found in the control
group than in the stem cell group
(P < 0.0001; MD —3.19, 95% CI —4.68
to —1.69).

Assessment of risk of bias

Figure 11 displays the results of the meth-
odological quality appraisal of the ran-
domized clinical trials.

Discussion

In this systematic review, the efficacy of
bone regeneration was evaluated using
histomorphometric aspects (new bone for-
mation, residual graft, and marrow space).
No significant difference in the new bone
formation rate was found with the use of
stem cells in comparison to bone grafts
alone for maxillary sinus lift, regardless of
the follow-up period. These findings are in
disagreement with those of previous
reviews, which have reported promising
results when stem cells are used in maxil-
lary sinus lift procedures™'. This differ-
ence may be explained by the inclusion of
only randomized clinical trials in the pres-
ent review in an attempt to offer better
scientific evidence.

Stem cells may be favourable in maxil-
lary sinus lift procedures, as the results for
bone regeneration were similar to those
achieved with bone grafts, such as Bio-
Oss. The literature reports that these mate-
rials achieve favourable bone regeneration
results that are often similar to the ‘gold
standard’ (autogenous bone)***3.

To reduce as much variation in the
results as possible, a subgroup analysis
of studies using the same extraction meth-
od was considered. The BMAC method
combined with Bio-Oss was used in four
studies®”*72® (Fig. 7). In this analysis, the

Control Grafts Stem Cells

difference remained non-significant, even
though each article showed an important
gain in bone formation with stem cells.
Considering the absence of a benefit from
the use of stem cells, the advantages do not
outweigh the disadvantages of performing
an extra procedure or the costs needed to
associate stem cells with the graft®.

Among the studies included in the meta-
analysis, Gonshor et al. reported better
new bone formation results in the stem
cell group in comparison to the control
group'?. This difference may be related to
the use of homologous bone in the control
group and, to some extent, the use of stem
cells contributes to better bone formation
compared to bone graft alone. In contrast,
higher residual bone graft content was
found in the stem cell group in that study,
which contributed to the significant differ-
ence favouring the control group at the
3—4-month evaluation.

On the other hand, in the analysis of the
stem cells obtained using the BMAC
method combined with Bio-Oss, the resid-
ual bone graft content was significantly
lower in the control graft (Bio-Oss) at
3-4 months (Fig. 9A). However, at
6 months, less residual bone graft was
found in the stem cell group (Fig. 9B).
Similar results were also found for the
overall residual graft content (Fig. 8).
Thus, it is possible that a healing period
of 3—4 months is insufficient to perform
the implant installation procedure. None-
theless this premise can only be proved
with the inclusion of new randomized
clinical trials.

The final histomorphometric measure
investigated in this review was the marrow
space, which was evaluated in two studies
and was found to be significantly greater
in the control group (without stem
cells)®?®. This finding is important, since
this space will be replaced with bone
marrow and blood vessels, favouring the
blood flow necessary for bone develop-
ment>?®. Both studies reported greater
residual bone graft at the 3-month evalua-
tion, which implies incomplete maturation



Table 2. Qualitative characteristics of studies selected.

Initial alveolar

Author Control graft® Mesenchymal stem cells (MSCs)* height, mm"” Type of implant®
Gonshor et al. 2011 Cancellous particulate allograft (AlloOss) Allograft cellular bone graft material <5 NR
(Osteocel) (from cadavers within 24 h
of death)
Rickert et al. 20117 BBM (Bio-Oss) + autogenous bone BBM (Bio-Oss) + iliac crest MSCs: Left side: 12 mm length, 4.1 mm diameter;
Rickert et al. 2014° BMAC system (superior—posterior 2.2 + 0.6 Right side: endosseous implants (Straumann standard
(follow-up of iliac spine) 2.14+03 SLA implants)
Rickert et al. 2011%)
Sauerbier et al. 2011 BBM (Bio-Oss) + autogenous bone BBM (Bio-Oss) + superior—posterior <4 NR
iliac spine MSCs: BMAC system
Hermund et al. 2012'° Composite graft of 1 cm® of autogenous MSCs (atrophic tuberosity region) <3 10—12 mm length, 4.1 mm diameter; Wide
bone harvested with a scraper + composite graft of 1 cm® of Neck/Plus Straumann SLA dental
(SafeScraper) from the lateral side of the autogenous bone harvested with a scraper implants
maxilla and 1 cm® of DBBM (Bio-Oss) (SafeScraper) from the lateral side of the
maxilla and 1 cm® of DBBM (Bio-Oss)
Wildburger et al. 2013%7 BBM (Bio-Oss) BBM (Bio-Oss) + BMAC system <3 XiVE implants
(superior—posterior iliac crest)
Payer et al. 2014%° Bio-Oss 0.25-1 mm Bone marrow (proximal medial tibia <3 XiVE implants
condyle) + Bio-Oss 0.25-1 mm
Kaigler et al. 2015" [B-TCP scaffold Stem cell therapy (bone marrow from Control: 5.0 10-14 mm length, 3.3—4.8 mm diameter;
posterior iliac crest) (Ixmyelocel-T) + (2.5-6.2) MSCs: Straumann oral implants
[3-TCP scaffold 3.5 (2.1-6.1)
Pasquali et al. 20157 Xenogeneic bone from bovine Bio-Oss, BMAC system (superior— <4 Black-Fix implants
hydroxyapatite (1-2 mm Bio-Oss) posterior iliac crest)
Prins et al. 2016*° BCP BCP + autologous adipose-derived SVF 4-8 10-12 mm length, 4.1 mm diameter,

B-TCP

(from abdominal wall)
[3-TCP + autologous adipose-derived
SVF (from abdominal wall)

Straumann dental implants

BBM, bovine bone mineral; BCP, biphasic calcium phosphate; BMAC, Bone Marrow Aspirate Concentrate; B-TCP, beta-tricalcium phosphate; DBBM, deproteinized bovine bone mineral; NR, not
reported; SVF, stromal vascular fraction. ) )

* AlloOss (ACE Surgical Supply Co., Inc. Brockton, MA, USA); Osteocel™ (NuVasive™, Inc. by ACE Surgical Supply Co., Inc. Brockton, MA, USA); Bio-Oss (Geistlich Biomaterials, Wolhusen,
Switzerland); BMAC system (Harvest Technologies Corporation, Plymouth, MA, USA); SafeScraper (Meta, Reggio Emilia, Italy); Ixmyelocel-T (Vericel Corporation, Cambridge, MA, USA);
Cerasorb (Curasan AG, Germany); Straumann implants (Institut Straumann AG, Basel, Switzerland); XiVE implants (Dentsply-Friadent, Mannheim, Germany); Black-Fix (AS Technology, Sao José

dos Campos, Brazil).

" Data are shown as the mean + standard deviation, or median (range).
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Stem Cells Control Grafts
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI Year

Mean Difference
IV, Fixed, 95% CI

Kaigler 2015 122 33 11 12.8 2.8 12 26.9%
Prins (BCP) 2016 12,1 1.6 5 124 16 3 32.4%
Prins (B-TCP) 2016 9.9 13 5 102 15 3 40.7%

-0.60 [-3.11, 1.91] 2015
-0.30 [-2.59, 1.99] 2016
-0.30 [-2.34, 1.74] 2016

Total (95% CI 21 18 100.0%-0.38 [-1.68, 0.92]

—
—_—

Heterogeneity: Chi2 = 0.04, df = 2 (P = 0.98); I = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

Fig. 3. Postoperative increase in bone height (mm): graft vs. graft + stem cells.

Stem Cells Control Grafts Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year

4 -2 0 2 4
Control Grafts Stem Cells

Mean Difference
IV, Fixed, 95% CI

Sauerbier 2011 1.74 0.69 28 1.33 0.62 11 75.3% 0.41(-0.04, 0.86] 2011
Kaigler 2015 1.8 1 11 2.1 09 12 24.7% -0.30(-1.08, 0.48] 2015

Total (95% CI) 39
Heterogeneity: Chi2 = 2.40, df = 1 (P = 0.12); 12 = 58%

23 100.0%0.23 [-0.15, 0.62]

—t—

4 l 4 4

Test for overall effect: Z = 1.19 (P = 0.24)

Fig. 4. Postoperative bone volume increase (cm’): graft vs. graft + stem cells.

Stem Cells
Study or Subgroup Mean

Control Grafts Mean Difference
SD Total Mean SD Total Weight IVY, Random, 95% Cl

2 -1 0 1 2
Control Grafts Stem Cells

Mean Difference
IV, Random, 95% CI

Hermund 2012
Rickert 2014

127 023 9 188 0.37 10 49.3% -0.61[-0.88, -0.34]
0.47 031 12 0.41 0.25 12 50.7% 0.06 [-0.17, 0.29]

Total (95% CI) 21 22 100.0% -0.27 [-0.93, 0.39]

Heterogeneity. Tau2 = 0.21; Chi2 = 13.69, df = 1 (P = 0.0002); |2 = 93%
Test for overall effect: Z = 0.81 (P = 0.42)

Fig. 5. Marginal bone loss (mm): graft vs. graft + stem cells.
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Stem Cells Control Grafts

A. New bone formation (3-4 months): Control Grafts Vs. Stem Cells

Test Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total WeightlV, Random, 95% Cl Year 1V, Random, 95% CI
Gonshor 2011 32.5 6.8 14 18.3 10.6 7 16.0% 14.20[5.58,22.82] 2011
Rickert 2011 18.86 7.36 11 13.08 6.2 11 21.1% 5.78[0.09, 11.47] 2011 [
Sauerbier 2011 12.6 1.7 34 143 18 11 27.5% -1.70(-2.91, -0.49] 2011 -
Wildburger 2013 7.46 4.14 7 11.89 6.24 7 21.4% -4.43(-9.98,1.12] 2013 —
Payer 2014 10.36 11.83 6 9.45 4.15 6 13.9% 0.91[-9.12,10.94] 2014 e —
Total (95% CI) 72 42 100.0% 2.21 [-3.09, 7.51]

4

Heterogeneity: Tau? = 26.17; Chi? = 20.17, df = 4 (P = 0.0005); 12 = 80%
Test for overall effect: Z = 0.82 (P = 0.41)

-20 -10 0 10 20
Control Grafts Stem Cells

B. New bone formation (6 months): Control Grafts Vs, Stem Cells

Stem Cells Control Grafts
Study or Subgroup Mean SD Total Mean

Mean Difference
SD Total WeightlV, Random, 95% Cl Year

Mean Difference

IV, Random, 95% CI

Wildburger 2013 13.53 5.47 7 13.95 8.57 7 18.6% -0.42 [-7.95,7.11] 2013 E—

Payer 2014 14.17 3.59 6 10.41 S5.25 6 23.9% 3.76 [-1.33, 8.85) 2014 -
Pasquali 2015 55.15 20.91 8 27.3 5.55 8 8.4% 27.85[12.86, 42.84) 2015

Prins (BCP) 2016 15.1 2.3 S 14.7 3.2 3 26.0% 0.40 (-3.74, 4.54] 2016 _—

Prins (B-TCP) 2016 16.4 5.2 S 12 2.6 3 23.1% 4.40 (-1.03, 9.83) 2016 -
Total (95% CI) 31 27 100.0% 4.29 [-0.80, 9.38] e
Heterogeneity: Tau2 = 21.49; Chi2 = 13.19, df = 4 (P = 0.01); 12 = 70% _io -:S 0 é t

Test for overall effect: Z = 1.65 (P = 0.10)

Control Grafts Stem Cells

Fig. 6. Overall new bone formation (%): graft vs. graft + stem cells. (A) At 3—4 months. (B) At 6 months.

10



Stem cells in maxillary sinus floor augmentation

1363

A. New Bone formation (3-4 months): BioOss® Vs. Stem Cells (BioOss®+ BMAC system)

Stem Cells: BioOss®+ BMAC

BioOss® Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Mleight IV¥, Random, 95% Cl Year IV, Random, 95% Cl
Sauerbier 2011 12,6 1.7 34 143 18 11 45.0% -1.70(-2.91, -0.49] 2011 L

Rickert 2011 18.86 7.36 11 13.08 6.2 11 27.2% 5.78[0.09, 11.47] 2011

Wildburger 2013 7.46 4.14 7 11.89 624 7 27.8% -4.43 [-9.98, 1.12] 2013

Total (95% Cl) 52 29 100.0% -0.42 [-5.04, 4.20]

Heterogeneity. Tau? = 11.99; Chi2 = 7.47, df = 2 (P = 0.02); I = 73% . {

Test for overall effect: Z = 0.18 (P = 0.86)

- 0 10 20
Control (Bio0ss®) Stem Cells: BioOss®+BMAC

B. New Bone formation (6 months): BioOss® Vs. Stem Cells (BioOss®+ BMAC system)

Stem Cells: BioOss®+ BMAC BioOss® Mean Difference tean Difference
Study or Subgroup Mean SD Total Mean SD Total Ifleight IV, Random, 95% Cl Year IV¥, Random, 95% CI|
Wildburger 2013 13.53 5.47 7 13.95 857 7 52.7% -0.42 [-7.95, 7.11] 2013
Pasquali 2015 55.15 20.91 8 27.3 555 8 47.3% 27.85[12.86, 42.84] 2015 &
Total (95% CI) 15 15 100.0% 12.94 [-14.72, 40.60)
i 2 = - Chi? = = = S = t ) t t
Heterogeneity. Tau: 362.96; Chi: 10.91, df = 1 (P = 0.0010); I 91% o -0 1) 160 260

Test for overall effect: Z = 0.92 (P = 0.36)

BioOss® Stem Cells: BioOss®+BMAC

Fig. 7. New bone formation (%) according to subgroup: Bio-Oss vs. Bio-Oss + BMAC. (A) At 3—4 months. (B) At 6 months.

A. Residual graft content (3-4 months): Stem Cells Vs. Control Grafts

Stem Cells Control Grafts Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Gonshor 2011 25.8 13.44 14 4.9 2.4 7 21.5% 20.90(13.64, 28.16] 2011 —_——
Sauerbier 2011 313 2.7 34 193 2.5 11 30.4% 12.00(10.27,13.73] 2011 -
Rickert 2011 28.96 9.73 11 26.47 7.3 11 21.6% 2.49 [-4.70, 9.68]) 2011 -1
Wildburger 2013 42.67 3.57 7 3499 11.89 7 18.1%  7.68(-1.52, 16.88] 2013 T
Payer 2014 15.06 12.52 6 16.4 18.59 6 8.3% ~-1.34[-19.27, 16.59] 2014 —
Total (95% C)) 72 42 100.0% 9.96 [3.92, 16.01] E =

itv: 7 I - Chi2 = = = -2 = + t ) +
Heterogeneity: Tau 30.51:; Chi 15.35, df = 4 (P = 0.004); | 74% 5o 1o o o 0

Test for overall effect: Z = 3.23 (P = 0.001)

Stem Cells Control Grafts

B. Residual graft content (6 months): Stem Cells Vs. Control Grafts

Stem Cells Control Grafts Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Wildburger 2013 36.27 7.87 7 39.51 9.3 7 23.3% -3.24 [-12.27,5.79]) 2013 —T
Payer 2014 17.89 9.63 6 20.26 11.32 6 13.4% -2.37 [-14.26, 9.52] 2014
Pasquali 2015 6.32 12.03 8 22.79 9.6 8 16.7% -16.47 [-27.14, -5.80] 2015 s
Prins (BCP) 2016 18.5 3.7 S 19.1 5.9 3 34.4% -0.60 [-8.02, 6.82] 2016 —
Prins (B-TCP) 2016 17.4 9.4 S 29.6 8.2 3 12.3% -12.20([-24.61, 0.21) 2016 —_—
Total (95% CD 31 27 100.0%-5.52 [-9.87, -1.17] B

ity: i2 = = = 2= + + + +
Heterogeneity: Chi? = 7.37, df = 4 (P = 0.12); 12 = 46% 30 -0 0 10 20

Test for overall effect: Z = 2.49 (P = 0.01)

Stem Cells Control Grafts

Fig. 8. Overall residual graft content (%): graft vs. graft + stem cells. (A) At 3—4 months. (B) At 6 months.

of the grafts when combined with stem
cells in comparison to autogenous bone
grafts. This may have been one of the
factors contributing to the high implant
failure rate in one of the studies evaluat-
ed®. However, no difference in implant
survival rate was found in the comparison
of maxillary sinus lift procedures with
stem cells and those with bone graft alone.
Such results are likely due to the lack of a
difference in new bone formation between
the two groups.

Another clinical characteristic consid-
ered for evaluation in the present review
was the healing time, since, in theory, the
use of stem cells leads to a shorter healing
time and enables earlier implant place-
ment*>*+513:14243% However, only Sauerb-

ier et al. provided a detailed description of
this comparison between the groups®.
Thus, it was not possible to determine
the efficacy of stem cells in terms of this
outcome.

Several limitations were found in the
present review, one of the most important
being the heterogeneity of the materials
used and different stem cell sources. In
most cases, the stem cells were obtained
through an aspiration puncture of the
pelvic bone latero-caudally in the upper
superior—posterior region of the iliac crest
with a bone marrow biopsy nee-
dle>7 112728 However, other sources
were also used. Payer et al. obtained stem
cells from the bone marrow of the medial
condyle on the proximal surface of the

tibia®’, although one should consider the
possibility that cell concentrations for
relevant effects on bone regeneration
may be lower in this region in comparison
to other sources. Prins et al. obtained
adipose tissue cells through liposuction
of the abdominal wall*°. Although such
cells have an adequate volume with os-
teogenic capacity, there are problems re-
garding the standardization of the
process, such as the concentration, due
to the fact that the implementation of this
technique on humans is relatively recent.

Obtaining stem cells is minimally trau-
matic for the patient and does not require
general anaesthesia or sedation, which is
an advantage in relation to aspiration tech-
niques involving the iliac crest, tibial con-
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A-Residual graft content (3-4 months): BioOss® Vs. Stem Cells (BioOss®+ BMAC system)

Stem Cells: BioOss®+BMAC BioOss® Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year I, Random, 95% CI
Rickert 2011 28.96 9.73 11 26.47 7.3 11 29.8% 2.49 [-4.70, 9.68] 2011 —1
Sauerbier 2011 313 2.7 34 193 25 11 46.2% 12.00(10.27, 13.73] 2011 =
wildburger 2013 42.67 3.57 7 34.99 11.89 7 24.0% 7.68[-1.52, 16.88] 2013 T
Total (95% Cl) 52 29 100.0% 8.13 [1.73, 14.52] =
Heterogeneity. Tauz = 22.28; Chiz = .99, df = 2 (P = 0.03); I2 = 71% ESO -?:5 5 215 56
Test for overall effect;: Z = 2.49 (P = 0.01) Stem Cells: BioO3s®+BMAC Bin0sso
B.Residual graft content (6 months): BioOss® Vs. Stem Cells (BioOss®+ BMAC system)
Stem Cells: BioOss®+BMAC BioOss Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Meight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Wildburger 2013 36.27 7.87 7 3951 93 7 5$8.3% -3.24[-12.27,5.79] 2013
Pasquali 2015 6.32 12.03 8 22.79 9.6 8 41.7% -16.47(-27.14, -5.80] 2015 ——
Total (95% Cl) 15 15 100.0% -8.76 [-15.65, -1.87] &
Heterogeneity. Chi2 = 3.44, df = 1 (P = 0.06); 12 = 71% F + t |
-100 -50 [ S0 100
Test for overall effect: Z = 2.49 (P = 0.01) Stem Cells: BioO3s® +BMAC BioOss®

Fig. 9. Residual graft content (%) according to subgroup: Bio-Oss vs. Bio-Oss + BMAC. (A) At 3—4 months. (B) At 6 months.

Stem Cells

BioOss® + Autogenous Bone

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI Year IV, Fixed, 95% Cl

Sauerbier 2011 54.4 2.2 34 57.7 2.3 11 93.1%  -3.30(-4.85,-1.75] 2011

Rickert 2011 52.4 S.9 11 54.07 7.6 11 6.9% -1.67 [-7.36, 4.02] 2011 —

Total (95% Ci) 45 22 100.0%-3.19 [-4.68, -1.69] -

Heterogeneity: Chi? = 0.29, df = 1 (P = 0.59); 12 = 0% -iO _:5 0 ; 1=0

Test for overall effect: Z = 4.18 (P < 0.0001)

Fig. 10. Bone marrow space (%): Bio-Oss + autogenous bone vs. Bio-Oss + BMAC.
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Fig. 11. Risk of bias of the randomized clinical trials.
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dyle, or abdominal wall. In the study by
Hermund et al., cells were obtained from
the region of atrophic tuberosity, which
has osteoprogenitor cells and mature
osteoblasts'®; however, the authors only
reported results with regard to marginal
bone loss following implant placement.
Among the studies analyzed herein, only
Gonshor et al. used a commercial allograft
prepared from tissue obtained from cada-
vers within 24 hours after death, reporting
important new bone content'*. In such
cases, however, the selective immunode-
pletion process must be rigorous to avoid
rejection of the graft.

Another limitation was the lack of
standardization among the studies in
terms of the analysis of graft success.
It is more feasible and recommendable
to analyze success outcomes as a com-
plete process with at least 1 year of fol-
low-up. This is to take into consideration
not only the histomorphometric and im-
aging aspects, but also the clinical
aspects that involve the implant and its
rehabilitation, since the graft must resist
the loads that may be presented. In this
review, Rickert et al. presented the most
complete analysis in terms of success>*.
Another problem related to standardiza-
tion was the absence of information on
different conditions (respiratory disease
and/or sinusitis)**'"***>73% the inclu-
sion of smokers, since smoking can exert
a negative impact on bone regeneration’”
11.1423°2527 " and the implant survival
rate®. Moreover, the small number of
patients did not enable more objective
conclusions. Thus, the findings may be
subject to speculation®”’.

Finally, many of the results are highly
influenced by the lack of a balance in the
sample. For example, in the study by
Sauerbier et al., the large difference be-
tween the test and control groups was
reflected in the weight of the meta-analy-
sis*®. Only the study by Hermund et al. had
an acceptable sample size calculation'’.
Kaigler et al. reported that the selection of
the sample was based more on viability
than statistical precision''. However, the
greater bone marrow space with Bio-Oss
compared to stem cells was conclusive.

Despite difficulties in obtaining clear
responses, this article can serve as a start-
ing point for the design of randomized
clinical trials addressing this and similar
topics that could improve the analyses
presented. Long-term studies should eval-
uate the efficacy of stem cells in different
steps, taking into consideration clinical,
imaging, and histomorphometric aspects.
Thus, further randomized clinical trials
with better characteristics in terms of

Stem cells in maxillary sinus floor augmentation

the design and a longer follow-up period
are needed to draw firm conclusions.

In conclusion, despite the limitations of
the present study, the meta-analysis
revealed that the inclusion of stem cells
did not contribute significantly to
improvements in the implant survival rate
or the efficacy of bone regeneration.
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