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bstract

ur aim was to evaluate the volume by which grafts contract after augmentation of the sinuses by three-dimensional analysis on cone-beam
omputed tomographs (CT), and to investigate the factors that influence the outcomes. The sinus floor was augmented with deproteinised
ovine bone mineral in 58 patients with 123 edentulous sites related to 67 sinuses. The outcomes of augmentation were analysed by both
inear and volumetric measurements on cone-beam CT images taken immediately after operation and six months later. Mathematical models
ere established to investigate the influence of anatomical characteristics of the sinuses and patient-related factors on contraction of the
olume of the grafts. The mean reduction in the height of the grafts on site-based analysis was 17.8% after six months, and the contraction
n volume on sinus-based analysis was 22.7 %. Of the edentulous sites 20/123 (16%) could not have implants 10 mm long inserted at the
econd stage operation because of insufficient bony height. Linear regression indicated that the type of edentulism (single or multiple teeth
ost) was significantly associated with contraction in the volume of the grafts (p = 0.006). Mixed model regression showed that the reduction
n the height of the grafts was significantly influenced by the width of the sinus floor and the angle between the lateral and the medial wall
f sinus (p = 0.001, p = 0.000). The reduction in height of the grafts and contraction in volume on linear and volumetric measurements six
onths after augmentation were roughly 18% and 22%, respectively. A wide sinus, large lateromedial angle, and loss of multiple teeth under
he same sinus strongly predict that large amount of grafts will resorb. The anatomy of the sinus and patients’ characteristics should be taken
nto consideration before treatment.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction
he posterior maxillary region is often a difficult place for
linicians to place dental implants, because of severe atro-
hy of the alveolar bone. Augmentation of the sinus floor
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mputed tomography

y the lateral or transalveolar approaches has been devel-
ped to solve this problem.1–3 Although plenty of studies
ave described predictable outcomes with the transalveolar
echnique,4,5 the lateral window approach is still a preferred
ption because it gives direct vision of the sinus cavity and

etter control of the grafts.

However, the resorption of grafts and contraction of their
olume postoperatively remain the major concerns about
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his technique. The rate of contraction reported elsewhere
anges from 20%–50% for both autogenous bone and bone
ubstitute.6–11 In some cases, the volume of bone after staged
ugmentation of the sinus floor is still not enough for proper
lacement of implants.12 Previous studies have clearly indi-
ated that contraction of the volume affects the positioning
f the implants in two-stage lateral augmentation of the sinus
oor and could result in future loss of implants.7

Augmentation of the sinus floor remains a complicated and
xpensive treatment, and both patient and surgeon want well-
ontrolled use of bone or bone substitute during the procedure
o satisfy the requirement for an adequate volume of bone for
econd-stage placement of implants.

Because sinus augmentation is an anatomy-dependent
rocedure,13 the anatomical characteristics of the maxillary
inus and surrounding structures may have crucial roles in the
ontraction of grafts. Avila et al14 investigated the influence
f the buccopalatal distance on the outcome, and concluded
hat formation of vital bone at the endosinus tract is inversely
roportional to the width of the sinus. However, we know of
ew if any studies that have focussed on the potential pre-
ictive value of anatomical variables on contraction of the
olume of the grafts after staged augmentation.

Our aims were to evaluate the 3-dimensional contraction
f grafts of staged augmentation of the lateral sinus floor
n cone-beam computed tomography (CT), and to investi-
ate the influence of anatomical variables in the sinuses, and
atients’ characteristics, on the outcome of augmentation, so
hat we could predict the requirements for substitute bone
reoperatively in clinical practice.

aterial  and  methods

esign  of study

 prospective cohort design was used, and the study and
linical procedures were in accordance with the Helsinki
eclaration, 2008 revision. The protocol was approved by

he Ethics Committee of the Stomatology Hospital, School
f Medicine, Zhejiang University, China. All patients gave
heir informed consent.

election  of  patients

onsecutive patients were selected who were treated at the
epartment of Oral Implantology, Stomatology Hospital,
chool of Medicine, Zhejiang University, Hangzhou, China,
rom January 2015 to January 2017. The inclusion criteria
ere: age 18 years or over, partial edentulism in the maxil-

ary posterior region for at least three months, residual bone
eight 5 mm or less, sufficient width of bone in the edentulous

egion, healthy maxillary sinuses judged from radiographic
nd clinical examination, systemic and local conditions suit-
ble for placement of implants and augmentation of the sinus

h
W
o
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oor, willingness to provide informed consent, and capable
f compliance with the study protocol.

Exclusion criteria were: uncontrolled diabetes mellitus
r other systemic disorders, uncontrolled periodontal con-
itions, endodontic lesions or other oral disorders, heavy
moking (10 cigarettes/day or more), acute or chronic sinus
onditions, and previous installation of implants or bone
rafting at the surgical site.

reatment  procedures

he two-stage augmentation technique was done under
ocal anaesthesia in each case, and a standard, previously-
escribed procedure was used.15 The sinus membrane was
aised, and deproteinised bovine bone substitute (DBBM,
io-Oss

®
, Geistlich Pharma AG,) was grafted into the raised

rea. The amount of bone substitute grafted was governed
y the surgeons’ assessment of the membranous resistance.
n absorbable collagen membrane (Bio-Gide

®
, Geistlich

harma AG,) was used to cover the lateral window. Any
atient with perforation of the sinus membrane was excluded
rom this study.

All patients returned for implants to be placed six months
fter the first stage of the operation. It was planned to put
mplants 10 mm long into the augmented area. If there was
till insufficient bone for the designed implant, a short den-
al implant was used, or the sinus floor was raised with an
steotome without grafting. Oral panoramic radiographs or
one-beam CT images were taken after the implant had been
ut in place. Cone-beam CT images were taken on a New-
om 3 G cone-beam CT station (QR srl, Verona) at three time
oints: T0 – before operation, T1 – within one week after
peration, and T2 – after a healing interval of six months.

utcome  measures

inear measurements were made on a software program
NNT NewTom version 4.6, QR srl, Verona). The dimen-
ions and related anatomical characteristics of the sinus were
valuated on cone-beam CT taken before augmentation of
he sinus (T0) as follows (Fig. 1): (1) residual bone height,
2) height of sinus cavity, (3) width of sinus floor, (4) width
f sinus cavity 12 mm above the alveolar crest, (5) thickness
f sinus membrane, and (6) angle between lateral and medial
inus walls (Angle A).

The postoperative cone-beam CT images (at T1 and T2)
ere analysed to assess the reduction in the height of the graft
y linear measurements. The height of available bone and
he thickness of the sinus membrane after augmentation was
lso measured (Fig. 2). Differences in the height of available
one between T1 and T2 were defined as reduction in the

eight of bone grafts, and were expressed as percentages.
hether implants 10 mm long could be placed without any

ther augmentation during the second stage of the procedure
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Fig. 1. Anatomical characteristics of the sinus cavity evaluated by linear
measurements on NNT software at T0. residual bone height = vertical dis-
tance between lines a and b; height of sinus cavity = vertical distance between
lines b and e; thickness of the sinus membrane = vertical distance between
lines b and c; width of sinus floor = horizontal distance between the inter-
section of line c/f, and c/g; horizontal distance between the intersection of
lines d/f, and d/g = width of sinus floor measured 12 mm above the alveolar
c
w
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Fig. 2. The graft height reduction was evaluated by linear measurements on
NNT software at T1 and T2:(1) ABH, vertical distance between line a’ and
line b’ = available bone; (2) distance between line b’ and line c’ = thickness
o
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rest; and Angle A = angle between lines f and g (lateral and medial sinus
all).

as recorded. Any additional bone augmentation techniques
if any) were also recorded.

The volume of endosinus bone grafts was analysed using
nother image processing software (Mimics version 17.0,
aterialise). The endosinus grafts were reconstructed in

hree dimensions (Fig. 3) and the 3-dimensional volume of
one grafts at T1 and T2 were calculated automatically. The
ontraction in the volume of the grafts was calculated using
he formula (1 −  volume at T2)/volume at T1. The volume
f the cavity of the maxillary sinus was also measured by
-dimensional reconstruction of cone-beam CT images at T0

sing similar methods on the Mimics program. The presence
f sinus septa was recorded on the 3-dimensional observa-
ions as well.

t
o
a

f sinus membrane 1/2.

tatistical  analysis

ata were collected by two independent examiners. The
oftware SPSS Statistics for Windows (version 17.0, SPSS
nc.) was used for the statistical analyses. We recorded
escriptive statistics, and absolute and relative frequency dis-
ributions were calculated for qualitative variables. Mean
SD) were calculated for quantitative variables. To bypass
he problem of dependencies between multiple sites within

ne sinus, site-based statistics and sinus-based statistics were
nalysed separately. The normality of data was tested by the
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F ask” of the endosinus grafts was created as the region of interest, and a 3-dimensional
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Table 2
Contraction of volume of grafts, reduction in height, and contraction of
volume between the two time points.

Mean (SD) Range

Site-based statistics:
ABH at T1(mm) 14.82 (2.72) 9.80–22.40
ABH at T2(mm) 12.19 (2.54) 7.23–18.90
BHR (%) 17.75 (8.10) 0.05–41.90

Sinus-bases statistics:
GV at T1(cm3) 3.280 (0.703) 2.106–4.618
GV at T2(cm3) 2.510 (0.489) 1.581–3.588
GVC (%) 22.70 (8.15) 7.19–41.66
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ig. 3. Volumetric analysis using Mimics software (screenshot). A “yellow m
odel constructed.

olmogorov-Smirnov test, and the homogeneity of variances
erified.

For sinus-based statistics, we used generalised linear
egression to detect factors that influenced the contraction
n the volume of the grafts. The independent factors were
atients’ sex, age, periodontal status, smoking status, volume
f the cavity of the maxillary sinus, and the edentulous type
single or multiple teeth lost in the same area). For site-based
tatistics, the potential influence of variables in the reduction
n height of bone grafts was analysed by linear mixed model
egression. The independent factors were height of resid-
al bone, width of sinus floor, width of sinus floor 12 mm
bove the alveolar crest, thickness of the sinus membrane,
nd Angle A. Probabilities of less than 0.05 were accepted
s significant.

esults

ifty-eight patients with 123 edentulous sites in 67 sinuses
ere included initially, but three sinuses in three patients had

o be excluded because of perforation of the sinus membrane
uring operation. Finally, the data of 55 patients (20 women
nd 35 men aged 20–73 (mean 52) years) with 118 edentulous
ites in 64 sinuses were used for statistical analysis. Details
f the patients and distribution of edentulous sites are shown
n supplemental data (online only).

Table 1 shows the anatomical measurements of the maxil-
ary sinus in the group studied, and Table 2 the results. At the
econd-stage operation, 19/118 of the edentulous sites could
ot have 10 mm implants inserted because of insufficient

vailable bone.

The linear regression results indicated that type of eden-
ulism (single or multiple teeth lost in the same area) was

a

s

one ABH = available height of bone; BHR = reduction in height of bone
rafts; GV = volume of grafts; GVC = contraction in volume of grafts.

ignificantly associated with contraction of volume of the
raft (Table 3). The mixed model regression results showed
hat the reduction rate of the height of the bone grafts was
ignificantly influenced by the width of the sinus floor and
ngle A (Table 3), but no other significant influences could
e detected on both linear or volumetric measurements.

iscussion

his study was designed to evaluate (using both linear and
olumetric measurements) the contraction of grafts after
taged sinus augmentation using deproteinised bovine bone
ineral, and to investigate the possible influential factors.
he results showed moderate contraction of grafts in general
t six months after a staged sinus augmentation procedure. A
ide sinus and multiple tooth loss in the same area might be
ssociated with a large amount of contraction.
The stability of the volume of the graft is critical to the

uccess of staged augmentation of the sinus. The reported
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Table 1
Dimensions of sinuses and related anatomical characteristics measured by linear and volumetric measurements.

Site-based Sinus-based

Mean (SD) Range Mean (SD) Range

RBH (mm) 2.82 (1.45) 0.47–5.60 – –
HSC (mm) 34.66 (5.46) 11.93–49.43 – –
WSF (mm) 8.60 (1.97) 4.33–14.30 – –
WS12 (mm) 15.36 (3.88) 6.50–24.81 – –
TSM (mm) 1.99 (1.85) 0–8.43 – –
Angle A (◦) 77.53 (19.02) 23.77–119.13 – –
MSV (cm2) – – 27.470 (3.589) 20.033-35.820
No. of septa – – 6/64 –

RBH = residual bone height; HSC = height of sinus cavity; WSF = width of sinus floor; TSM = thickness of sinus membrane; and MSV = maxillary sinus cavity.

Table 3
A and B. Analysis of influence of factors on reduction in the volume of grafts (sinus-based analysis) and reduction in the height of grafts (site-based analysis).

Part A: Linear regression for detecting factors influencing contraction of volume of grafts (sinus-based analysis).

Model summary R2 = 0.154

Sum of squares df Mean square F p value

Regression 489.690 1 489.690 8.260 0.006
Residual 3700.007 62 59.678 – –
Total 4189.697 63 – – –

Coefficients and excluded variables

B SE t p value

Coefficients
Constant 11.169 4.139 2.698 0.009
Edentulous type (single or multiple) 6.530 2.280 2.865 0.006

Excluded variables
Sex −0.600 – −0.498 0.620
Age 0.064 – 0.482 0.631
Periodontal status −0.157 – −1.322 0.191
Smoking status −0.037 – −0.306 0.761
MSV −0.050 – −0.417 0.678

Part B. Linear mixed model regression for detecting variables influencing bone grafts height reduction (site-based analysis)

Variable Estimate SE F t p value

Intercept −10.866 3.882 7.834 −2.799 0.006
RBH −0.262 0.404 0.422 −0.649 0.517
WSF 1.052 0.299 12.406 3.522 0.001
WS12 0.111 0.166 0.447 0.668 0.505
TSM0 0.146 0.283 0.267 0.516 0.607
Angle A 0.236 0.032 54.310 7.370 0.000

−2 Restricted Log Likelihood of mixed model: 744.230.
R f sinus
s d MSV
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BH = height of residual bone, WSF = width of sinus floor, WS12 = width o
inus membrane, Angle A = angle between lateral and medial sinus wall, an

-dimensional resorption of bone substitute after augmenta-
ion was about 10%–26%.7,8,11,16 The present study confirms
he results of previous studies, in that the contractions of
one grafts on linear and volumetric measurements six
onths after lateral augmentation were 17.75% and 22.70%,

espectively. Several papers also suggested that there were
o significant differences in contraction of grafts among

ifferent kinds of bone or bone substitutes.16,17 Regard-
ess of the type of bone substitute, contraction of grafts is
nevitable.

A
v
c

 cavity at the level of 12 mm above the alveolar crest, TSM0 = thickness of
 = volume of maxillary sinus cavity.

In 2008, Kirmeier et al8 reported shrinkage in the vol-
me of grafts of about 26% after sinus augmentation by
-dimensional assessment on CT images. They discussed
he pattern of contraction of different grafting materials, but
id not consider different anatomical characteristics among
opulations. Several other studies suggested that the sinus
natomy is correlated with remodelling of bone grafts.18–21
vila et al14 in a histomorphometric study, showed that the
ital bone formation was inversely proportional to the buc-
opalatal distance of the sinus cavity. Similarly, based on
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nalysis of cone-beam CT images, we found that, on mixed
odel regression, the reduction in bony height was signifi-

antly influenced by the width of the sinus floor as well as
he angle between the lateral and medial sinus walls. The rea-
on for this might be the difficulty of completely raising the
embrane in cases with wide sinuses.
The tension of the sinus membrane might provide addi-

ional pressure on the graft, which could accelerate the
esorption process. In the cases with narrow sinuses and a
harp angle, the grafts might not compact well during aug-
entation. The gap between the bony particles and between

rafts and the native bone wall were relatively wider so that,
uring the healing of the bone, the coagulum in these gaps
ould be progressively substituted with newly-formed bone,
hich would partly offset the contraction of the graft’s vol-
me.

According to the sinus-based results, the type of eden-
ulism could also be associated with contraction of the graft’s
olume. There was more contraction in the sinus with multi-
le tooth loss than that with a single tooth lost. This result has
ot to our knowledge been reported by any previous studies.
he phenomenon might be explained by the pneumatisation
f the sinus after the teeth were lost. When multiple teeth
ere lost under the same sinus, the area of pneumatisation

ould be enlarged as well as the width of the sinus floor, to
nfluence remodelling of endosinus grafts.

Klijn et al9 found that the height of the alveolar crest and
he patients’ age could significantly affect bony resorption
fter staged maxillary sinus augmentation using autogenous
one. However, the results of the present study failed to
onfirm this, possibly because of the difference in the remod-
lling pattern between autogeneous bone and bone substitute.
he osteoconductive properties of different bone substitutes
ould also influence the grafts’ contraction.

Simultaneous placement of implants during sinus aug-
entation could also affect the grafts remodelling. Cricchio

t al22 indicated that placement of implants could help to
esist the pressure of endosinus air flow and contribute to
he maintenance of the raised area and the volume of the
rafts. However, Mazzocco et al23 failed to find significant
ifferences in contraction of the volume of the graft between
elayed and simultaneous placement of implants in a small
ample. Future study is needed to explain these inconsistent
ndings.

onclusion

ithin the limitations of the present study, the results showed
 reduction of about 18% and 22% in bone grafts on linear and
olumetric measurements, respectively, six months after lat-
ral sinus augmentation. The regression results indicated that

 wide sinus, large lateral-medial angle, and multiple teeth

ost under the same sinus, are related to a large amount of con-
raction of bone grafts postoperatively. These results could
e used to predict the outcomes of augmentation of sinuses
xillofacial Surgery 57 (2019) 323–329

reoperatively, and to well-controlled calculations of differ-
nt materials for sinus augmentation in different anatomical
onditions. The anatomy of the sinus and the characteris-
ics of the sites that affect bony contraction should be fully
onsidered before treatment with sinus augmentation.
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