
Journal of Dental Sciences 17 (2022) 438e443
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jds.com
Original Article
Influence of anatomical factors related to
maxillary sinus on outcomes of transcrestal
sinus floor elevation

Xiaofei Zheng a, Lirong Huang b,c, Si Huang b,c, Anchun Mo b,c**,
Juanfang Zhu a*
a Stomatology Center, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China
b State Key Laboratory of Oral Diseases, Sichuan University, Chengdu, China
c Dental Implant Center, West China Hospital of Stomatology, Sichuan University, Chengdu, China
Received 11 June 2021; Final revision received 12 July 2021
Available online 26 August 2021
KEYWORDS
Transcrestal sinus
floor elevation;

Maxillary sinus width;
Maxillary sinus angle;
Residual bone height;
Schneiderian
membrane
thickness
* Corresponding author. Stomatology
450052, China.
** Corresponding author. Dental Imp
Chengdu 610041, China.

E-mail addresses: dentistzzu@163.

https://doi.org/10.1016/j.jds.2021.07.
1991-7902/ª 2021 Association for Denta
the CC BY-NC-ND license (http://creati
Background/purpose: Graft bone maturation and remodeling in the maxillary sinus require
adequate angiogenesis and osteoprogenitor cells migration from the surrounding bony walls
and Schneiderian membrane. This study aimed to evaluate the influence of anatomical factors
related to maxillary sinus on the outcomes of transcrestal sinus floor elevation using cone-
beam computed tomography (CBCT).
Materials and methods: Forty-five patients (63 elevated sites) were included in this study.
CBCT were obtained preoperatively, immediately and 6 months after surgery. The anatomical
features of residual bone height, maxillary sinus width, maxillary sinus angle and Schneiderian
membrane thickness were measured on preoperative CBCT. Descriptive statistics and correla-
tion analysis were conducted to evaluate the influence of anatomical factors on outcome pa-
rameters, including sinus lift height, graft bone resorption and marginal bone loss.
Results: The results showed that there was a positive correlation between sinus width and
graft bone resorption. A significantly positive correlation between sinus angle and graft bone
resorption was also found.
Conclusion: Our findings indicate that the anatomical factors ofmaxillary sinus (sinus width and si-
nus angle)have influenceon the linear changeofbone grafts after transcrestal sinusfloor elevation.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Insufficient alveolar bone height resulting from alveolar
bone resorption and an increase of sinus pneumatization
after tooth loss often limits the placement of dental im-
plants in the posterior maxilla. Maxillary sinus floor eleva-
tion is a reliable technique to overcome this problem.

Two approaches have been described for maxillary sinus
floor lift: the lateral window approach and the transcrestal
technique. Maxillary sinus floor elevation by lateral window
approach was proposed by Tatum in 1976 and first published
in 1980 by Boyne and James.1 The technique of transcrestal
sinus floor elevation (tSFE) was first suggested by Tatum 2

and then developed by Summers.3 Compared with the
lateral window approach, tSFE has many advantages, such
as minimally invasive, mild postoperative reaction and
preservation of bone walls integrity.

No matter which surgical procedure is performed, the
aim of maxillary sinus floor elevation is to obtain the ver-
tical height for placing dental implant. Usually, bone grafts
were used to maintain the newly formed space below the
elevated sinus membrane. The long-term stability of graft
bone remains an important factor affecting the success rate
of dental implant.4,5

The anatomic features of the maxillary sinus were
frequently considered to affect the ease of operation and
risk of perforation, thus relating to success rate of
augmentation surgery. The presence of maxillary sinus
septa increased the risk of membrane perforation during
sinus floor augmentation.6 Quite a high risk of membrane
perforation occurred in a narrow sinus with an angle less
than 30�.7 Recently, some scholars pointed out that
anatomical factors also influence the bone remodeling of
graft bone in the elevated sinus. The mediolateral distance
of the maxillary sinus was negatively associated with the
total percentage of vital bone after sinus lift through
lateral window technique.8 Our previous study revealed
that sinus width also has influence on the resorption of graft
bone after tSFE.9 To our knowledge, there are no research
with respect to the effect of other anatomical factors on
the outcomes of tSFE.

Dental cone-beam computed tomography (CBCT) pro-
vides a 3D view on jaw bones and teeth with relatively low
radiation dose and high diagnostic information.10 CBCT
could be justified for presurgical diagnosis and preopera-
tive planning for dental implant rehabilitation.11 It is
suggested that CBCT should be considered the gold stan-
dard when evaluating the maxillary sinus.12 In this article,
the following anatomical features were evaluated by
CBCT:1 residual bone height (RBH);2 maxillary sinus width
(SW);3 maxillary sinus angle (SA);4 Schneiderian mem-
brane thickness (MT). The aim of this research is to
evaluate the influence of anatomical factors on the out-
comes of tSFE.

2. Materials and methods

2.1. Study sample

From March 2015 to December 2018, 45 patients (63
elevated sites) who had undergone tSFE with simultaneous
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implant placement were included in this study. The inclu-
sion criteria were as follows.

1. RBH ranging from 2 mm to 8 mm.
2. The use of composite graft material consisting of Bio-Oss

particles and autogenous bone.
3. No lack of teeth in the opposing jaw so that the same

location of the recipient site could be identified on the
preoperative and postoperative CBCT images.

4. Healthy maxillary sinus without infection or cyst, no
bony septa in the elevated site.

5. Patients have completed the permanent restoration and
were followed for at least 1-year after loading.

The present study was conducted in accordance with the
fundamental principles of the Helsinki Declaration and
approved by the Ethical Committee of our institution for
studies involving human subjects. All the selected patients
provided informed consent to participate in this study.

2.2. Surgical procedure

All the surgeries were performed by one experienced
operator. The surgical processes are briefly described here.
Prior to the surgery, patients rinsed with 0.12% chlorhexi-
dine mouthwash for 3 min, and then were performed per-
ioral disinfection with 1% iodophor. After local anesthesia,
full-thickness flaps were reflected following a crestal inci-
sion. A pilot drill was used to drill to the depth of 1 mm
away from the sinus floor, then a series of osteotomes was
performed to fracture and elevate the sinus floor. The
incidence of membrane perforation was evaluated by the
Valsalva maneuver. After filling the composite graft mate-
rials consisting of Bio-Oss particles (Geistlich Pharma AG,
Wolhusen, Switzerland) and autogenous bone in a 2:1 ratio,
implants were placed simultaneously. The mucoperiosteal
flap was repositioned and sutured.

All patients received antibiotics including amoxicillin
and ornidazole, as well as analgesics. If allergic to amoxi-
cillin, azithromycin can be used instead. Oral hygiene in-
struction was provided for patients. Sutures were removed
10 days after surgery. After a healing period of 6 months,
second-stage surgery was performed.

2.3. Complications recording and implant survival
rates

Complications such as infection and implant failure during
the healing period were recorded. Biological complications
(peri-implant mucositis and peri-implantitis), implant
loosening and prosthetic complications after loading were
also recorded.

2.4. Radiographic evaluation

For each patient, CBCT examination was performed pre-
operatively, immediately after surgery, and 6 months after
surgery. A CBCT machine (Morita, Tokyo, Japan) was used in
the mode at 80 kV and 4.5 mA. The slice thickness was
0.125 mm and the scan time was set at 23.0 s. The following
parameters were measured.
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1. RBH: the vertical distance from the alveolar crest to
the sinus floor.

2. SW: the distance between the lateral and medial wall
of maxillary sinus. SW was measured at 5 mm above
the sinus floor.

3. SA: the angle between the lateral and medial wall of
maxillary sinus. To measure SA, a horizontal line was
drawn 10 mm from the sinus floor.

4. MT: the distance from the initial sinus floor to the
upper margin of the Schneiderian membrane.

5. Implant protrusion length (IPL): the length of implant
protruded into the sinus.

6. Graft height (GH): the height of graft bone between
the implant apex and the new sinus floor.

7. Sinus lift height (SLH): the distance between the
initial sinus floor to the elevated sinus floor calcu-
lated as the sum of IPL and GH.

8. Marginal bone height (MBH): the mean distance from
the implant shoulder to the alveolar crest.

9. Graft bone resorption (GR): the difference of GH
measured on the day of surgery (GH0) and 6 months
after surgery (GH1), calculated as GH0-GH1.

10. Marginal bone loss (MBL): the difference of MBH
measured immediately after surgery (MBH0) and 6
months after surgery (MBH1), calculated as MBH0-
MBH1.

The precision of the measuring system is 0.01 mm. All
parameters were measured on the coronal plane. Pre-
operative and postoperative scans were adjusted to the
same view according to the opposing and adjacent teeth
of implant site. The anatomical parameters (RBH, SW,
SA, MT) were measured on preoperative CBCT at implant
site (Fig. 1). The rest parameters were obtained from the
postoperative CBCT scans. Radiographic measurement
and analysis were executed by one single trained
researcher.
Figure 1 The investigated anatomical parameters measured
on preoperative CBCT. A, residual bone height; B, the width of
maxillary sinus; C, the angle of maxillary sinus; D, the thickness
of Schneiderian membrane.
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2.5. Statistical analysis

All data were analyzed by statistical SPSS software (version
21; SPSS Inc., Chicago, IL, USA). Descriptive statistics
(means � SD) were calculated. The associations of
anatomical parameters (RBH, SW, SA, MT) with the
outcome parameters (GR, SLH, MBL) were analyzed by
Pearson’s correlation test. If there is statistical signifi-
cance, correlation analysis was performed again with
grouping according to: 1 implant system; 2 RBH
(2 mm � RBH＜5 mm, 5 mm � RBH＜8 mm). Statistical
significance was set at P < 0.05.

3. Results

3.1. Study patients

A total of 63 elevated sites in 45 patients (27 males and 18
females) were included in this study. The average age was
49 years old (ranging from 37 to 63). Among the 63 im-
plants, 9 implants were placed in premolar region, 54 in
molar region. The distribution of implants according to
their location in the jaw is displayed in Supplementary
Fig. 1. Two types of implants (Bicon and ITI) were used in
this study. Implant characteristics were displayed in sup-
plementary data.

3.2. Complications and implant condition

No membrane perforation occurred. Patients complained of
only slight postoperative swelling and minor discomfort.
During 6 months of healing period, no infection or implant
failure was recorded. No severe resorption of peri-implant
bone was revealed by CBCT. All the implants were suc-
cessfully in function during 12e37 months follow-up, with a
survival rate of 100%.

3.3. Radiographic analysis

RBH ranged from 2.11 mm to 7.64 mm, with a mean value of
4.54 � 1.56 mm. The mean value of SW was
14.05 � 2.73 mm, ranging from 7.62 mm to 21.5 mm. SA was
79.15 � 10.09�, range from 50.05� to 105.3�. The mean
value of MT was 1.60 � 1.13 mm, ranging from 0.31 mm to
4.76 mm.

The mean value of IPL was 3.01 � 1.24 mm and GH was
2.87 � 1.11 mm immediately after surgery. SLH amounted
to 5.89 � 1.49 mm immediately after surgery and
decreased to 4.41 � 1.66 mm 6 months after surgery. The
mean value of GR was 1.48 � 0.66 mm. During the 6-month
follow-up period, MBL was calculated as 0.49 � 0.29 mm.

Analysis of the relationship using the Pearson’s cor-
relation analysis revealed that there was a positive cor-
relation between SW and GR (r Z 0.376, P Z 0.001)
(Fig. 2). Similarly, a positive correlation exited between
SA and GR (r Z 0.376, P Z 0.002) (Fig. 3). No correlation
between RBH and GR was found, neither between MT and
GR (Table 1). There was no correlation between
anatomical factors and SLH, neither between anatomical
factors and MBL.



Figure 2 Scatter diagrams illustrating the distribution of graft bone resorption relative to sinus width. A, The general distribution
without grouping; B, The distribution in the group of 2 mm � RBH＜5 mm; C, The distribution in the group of 5 mm � RBH＜8 mm.

Figure 3 Scatter diagrams illustrating the distribution of graft bone resorption relative to sinus angle. A, The general distribution
without grouping; B, The distribution in the group of 2 mm � RBH＜5 mm; C, The distribution in the group of 5 mm � RBH＜8 mm.

Table 1 Pearson’s correlation test of residual bone
height, sinus width, sinus angle, Schneiderian membrane
thickness and graft bone resorption (n Z 63).

Correlation analysis GR

RBH r �0.229
P value 0.071

SW r 0.413
P value 0.001**

SA r 0.376
P value 0.002**

MT r �0.024
P value 0.855

RBH Z residual bone height; SW Z sinus width; SA Z sinus
angle; MT Z Schneiderian membrane thickness; GR Z graft
bone resorption.
**Correlation is significant at level 0.01 (two-tailed).

Table 2 Pearson’s correlation test of sinus width, sinus
angle and graft bone resorption based on the classification
of residual bone height.

Anatomical factor RBH GR

n r P value

SW 2 mm � RBH＜5 mm 36 0.465 0.004**
5 mm � RBH＜8 mm 27 0.385 0.047*

SA 2 mm � RBH＜5 mm 36 0.390 0.019*
5 mm � RBH＜8 mm 27 0.438 0.022b

SW Z sinus width; SA Z sinus angle; GR Z graft bone resorp-
tion.
**Correlation is significant at level 0.01 (two-tailed).
*Correlation is significant at level 0.05 (two-tailed).
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Categorical analysis of correlation was performed after
stratification by RBH (2 mm � RBH＜5 mm and 5 mm � RBH
＜8 mm) and implant system (Bicon and ITI). The results
revealed that a positive correlation between SW and GR, as
well as between SA and GR in the different groups divided by
RBH (Table 2). Categorical analysis of correlation after
stratification by implant system showed that a positive cor-
relation between SW and GR, as well as between SA and GR
(Table 3).
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4. Discussion

The technique of tSFE is considered safe and reliable to
gain the vertical bone height for dental implant placement
with less complication and discomfort. The maintenance of
the space for bone formation is particularly important for
the long-term outcome of dental implants placed in the
elevated maxillary sinus. Though some clinical trials have
reported successful outcomes when performing tSFE
without grafting material,13e15 it was demonstrated that
simultaneous placement of an osteoconductive filler at the
time of tSFE approach led to improved radiographic out-
comes.16 Moreover, grafting materials could play the role of



Table 3 Pearson’s correlation test of sinus width, sinus
angle and graft bone resorption based on the classification
of implant system.

Anatomical factor Implant system GR

n r P value

SW Bicon 32 0.500 0.004**
ITI 31 0.432 0.014*

SA Bicon 32 0.423 0.018*
ITI 31 0.386 0.032*

SW Z sinus width; SA Z sinus angle; GR Z graft bone resorp-
tion.
**Correlation is significant at level 0.01 (two-tailed).
*Correlation is significant at level 0.05 (two-tailed).
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scaffold to maintain the space below the sinus membrane
and to promote the endosinus bone gain.17

The maturation of graft materials is a process of osteo-
genesis and angiogenesis. Blood supply and osteogenic cells
coming from the natural bone or mucosa are vital for the
formation and remodeling of bone grafts. The bony walls
and Schneiderian membrane are important source of blood
supply and osteogenic cells.18,19 These are the biological
basis for new bone formation in the elevated sinus.

The medial and lateral wall are two important walls for
the operation process and healing effect of maxillary sinus
lift. In our previous study, it was indicated that SW has a
positive correlation with GR in a transcrestal sinus lift.9 A
statistically significant correlation of intra-sinus bone loss
with wall distance was identified in wide sinuses than in
narrow sinuses,20 consistent with our findings. Other
scholars also reported that a negative correlation between
SW and new bone formation.18,21 The results suggest that
the closer between the sinus walls are, the more blood
supply to accelerate graft integration with less graft
resorption.

The angle between the medial and lateral wall was
associated with the incidence of membrane perforation.7

The sites with sharper angles are at a higher risk of mem-
brane perforation.22 To our knowledge, no literature con-
cerned about SA on tSFE outcome was available. In this
research, a positive correlation between SA and GR was
found, suggesting that more graft bone resorption occurred
in a sinus with sharper sinus angle. This can be explained by
that a large sinus angle between mesial and lateral sinus
wall means a long distance for blood supply transported to
the graft bone, leading to a lack of blood supply. The close
contact of bony walls with the graft provides fast and
predictable colonization of osteogenic cells, as well as
ample blood supply, into bone grafts.

RBH is the first included anatomical factor to be
considered when planning a maxillary sinus lift. RBH not
only determines the primary stability of dental implant, but
also influences the choice of surgery treatment. Tradition-
ally, a minimum RBH of 5 mm was required for achieving
predictable outcome when performing tSFE. However,
recent studies reported that the procedure of tSFE could be
reliable and predictable even in the case of RBH less than
5 mm 23e25 Moreover, RBH is considered to be a factor
influencing the bone formation of sinus lift. It was reported
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that RBH is significantly correlated with graft bone
resorption.26 Nevertheless, other study indicated that RBH
has no influence on consolidation and maturation of bone
graft with a lateral window approach.27 In this study, the
mean value of RBH was 4.54 mm, and all cases achieved
successful outcome without implant failure. The correla-
tion analysis revealed that there was no significant corre-
lation between RBH and GR.

Schneiderian membrane is one of the most important
anatomical factors in maxillary sinus process. Previous
studies indicated that Schneiderian membrane contains
stem cells with the functional capacity for bone regenera-
tion and can form heterotopic bone.19,28,29 Considering the
innate osteogenic potential of Schneiderian membrane and
its possible contribution to successful sinus augmentation,
we evaluated the influence of Schneiderian membrane
thickness on graft bone remodeling in this study. The re-
sults showed that there was no significant correlation be-
tween MT and GR.

In conclusion, this study revealed a strong correlation
between SW and GR, as well as between SA and GR. The
results suggest that more bone graft resorption occurred in
a sinus with a wide distance and large angle between
medial and lateral wall. These findings can provide clini-
cians with guidance basis for the selection and dosage of
bone graft materials when performing tSFE.
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