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INTRODUCTION 

To develop any treatment plan for posterior 
maxilla, the status of the residual bone and maxillary 
sinus must be wisely considered. (1) The maxilla is 
made up of spongy bone and has one of the least 

dense bones in oral cavity. (2) 

The amount of residual bone may be limited by 
sinus pneumatization. Rehabilitation of this area 
with implant-supported fixed prostheses has usually 
been challenging. (1) 
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ABSTRACT
Purpose: Many techniques for maxillary sinus floor elevation have been used prior to implant 

placement in case of sever sinus pneumatization. Two-stage lateral-window sinus lifting using 
titanium micromesh without bone grafting was carried out in the present study. The purpose of the 
study was a trail to solve a question, if it is enough to just increase the height of sub-antral bone or 
it is also important to elevate the Schneiderian membrane medio-laterally as much as possible to 
accommodate for dental implants later.

Materials and Methods: Seven patients (11 sinuses) were included. A titanium micromesh was 
shaped in a tick shape and placed into the sinus through a lateral window to maintain the elevated 
membrane in place. Immediate, 6-months and 9-months postoperative cone beam computed 
tomography (CBCT) were performed to evaluate the relation between the medio-lateral extension 
of the mesh and the amount of the gained bone. 

Results: When the height of the formed bone was related to the depth of the titanium mesh, no 
significant difference could be observed at either 6 or 9 months. However, when the depth of newly 
formed bone was compared against the depth of the titanium mesh, a high significant difference was 
noted at both 6 and 9 months.

Conclusion: At least two thirds of the sinus depth must be elevated to obtain adequate bone 
width for future implantation.
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Some experimental studies describe a continua-
tion of maxillary sinus pneumatization in adults af-
ter posterior tooth extraction. (3,4) This phenomenon 
also known as the fourth expansion phenomenon of 
the maxillary sinus, (5) which has been explained as 
a type of disuse atrophy. (3)

 According to Wolff’s law, bone tends to resorb 
following tooth loss as a result of the reduction in 
functional forces applied to it. (5) 

Not only for implantation, pneumatization can 
pose a surgical hazard in terms of oro-antral com-
munications following extraction,(6,7) and end-
odontic surgery of the antral related teeth.(8) It 
also increases the risk of introducing foreign bod-
ies, root tips, or teeth displacement into the sinus  
cavity.(9) and it is well known to affect orthodontic 
teeth movement. (10,11) 

Sinus Lift can be considered as the only tech-
nique that enables the use of adequately long and 
optimally localized implants. (12) There are two main 
approaches for maxillary sinus floor elevation. The 
first approach, lateral antrostomy, is the classic and 
the more commonly performed technique described 
by Tatum. Later on Summers advocated a second 
approach which is the crestal approach. (13)

If subantral bone height is less than 4 mm so 
two stage sinus lift with a healing period of 6 to 18 
months before implantation is preferred. (14)

Bone Formation within The maxillary sinus is 
considered a unique condition. Generally, we gain 
our understanding about bone healing from study-
ing the fracture healing and regeneration of bony de-
fects. In case of maxillary sinus bone is not formed 
in a fracture or defect but it is formed beyond the 
skeletal contour. (15) 

Several studies suggested that the elevation of 
the schneiderian membrane by itself stimulates the 
bone regeneration by a fibrin clot formation in the 
space created. This clot, which is stabilized and pro-
tected from external trauma and intra-sinus air pres-
sure, would have the chance to stimulate the bone 
formation. (15,16)

The key point of the new guided bone 
regeneration strategy is to maintain the Schneiderian 
membrane in the highest possible position as by 
using simultaneous implantation. (15) Moreover, this 
technique suggests that there should be a perfect 
membrane lifting without membrane tears.

Titanium mesh has been used for a many 
clinical applications in reconstructive implant 
surgery and reported positive results. (17) Its 
rigidity provides extensive space maintenance and 
prevents contour collapse; its elasticity prevents 
mucosal compression; its stability prevents graft 
displacement; and its plasticity permits bending, 
contouring, and adaptation to any unique bony 
defect. (18)

The common criterion of commercially 
available titanium mesh membranes is its macro-
porosity. This is supposed to play an important 
role in sustaining blood supply and is believed to 
enhance regeneration by improving wound stability 
through tissue integration and permitting diffusion 
of extracellular nutrients through the membrane. (19)

The inner layer of the periosteum is rich in 
cellular components, including osteoblasts. (20) It 
has been supposed that the numerous pericytes in 
the abundant vasculature of the periosteum are a 
source of osteoprogenitor cells. (21) Thus, titanium 
mesh (TM) is a potential tool for maintaining the 
osteogenic potential of the periosteum at the site 
where regeneration is required. (22)

PATIENTS AND METHODS

The present study was approved by the ethics 
committee of the Faculty of Dentistry, Mansoura 
University

a) Patient selection:

Seven patients seeking prosthetic rehabilitation 
of the posterior maxilla using dental implants 
were recruited in this study. Patients were selected 
from the Outpatient Clinic, Oral and Maxillofacial 
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Surgery Department, Faculty of Dentistry, Mansoura 
University.

N.B.: (11 maxillary sinuses in these patients 
were lifted)

Inclusion Criteria:

1.	 Inadequate subantral bone height for conven-
tional implant insertion (≤5mm).

2.	 Adequate width for the residual alveolar ridge 
to accommodate dental implants.

3.	 Absence of any undercuts in buccal aspect of 
the ridge that could prevent future placement of 
dental implants.

4.	 No pathology of neighboring teeth.

5.	 Good oral hygiene.

6.	 Patients free from any apparently systemic 
disease.

7.	 Patients willing to comply with the instructions 
and follow up visits needed throughout the 
treatment time.

Exclusion criteria:

1.	 Active sinusitis.

2.	 Previous sinus surgery.

3.	 Major bony septa.

4.	 Heavy smokers.

1.	 Severe osteoporosis.

b) Armamentarium used:

Dentium Advanced Sinus Kit (DASK) (fig.2):

 DASK Drills; DASK Drill #4, DASK Drill #5.

 Sinus Elevation Instruments; XSE1L, XSE2L, 
XSE3L, XSE4L.

c.  Surgical Technique (antrostomy):

Traditional sinus lift will be done as described 
by Tatum. (23)

Tissue preparation: done just before anesthesia, 
the surgical site was cleaned thoroughly with 
Betadine on a cotton swab Followed by application 
of topical anesthesia (for 1 to 2 minutes).

Administration of local anesthesia then crestal 
incision was made slightly palatal to provide ad-
equate closure after completion of the procedure. A 
full thickness mucoperiosteal flap was elevated to 
expose the lateral wall of the maxilla. Taking releas-
ing incisions resulting in a three-line mucoperioste-
al pyramidal flap to provide adequate access and vi-
sualization to the entire ridge crest and lateral wall.

Total decortication of the created window 
was done using Dentium Advanced Sinus Kit 
(DASK). Thinning down of the lateral wall was 
made with DASK Drill #4 or #5 at a 45-degree 
angle till noticing the shadow of the schneiderian 
membrane. Move the DASK Drill #4 or #5 mesio-
distally with a gentle pressure until getting a proper 
size and shape of the window. Then the membrane 
was gently detached from the boundary of the bony 
window using a dome-shaped sinus curette. After 
that membrane elevation is carried out by separating 
it from all the sinus walls till reaching the desired 
height.

A 0.1-mm dynamic titanium micromesh 
(Leibinger, Stryker Co., Geneva, Switzerland) was 
then cut, bent and fixed to the lateral wall of the 
sinus with a minimum of two 1.5-mm micro-screws.

Following, a titanium mesh will be used to 
elevate the sinus membrane and fixed to the external 
surface of maxilla with micro screws. The Flap 
was then repositioned and sutured with 4/0 vicryl 
sutures.

All the previous steps were clarified in the 
clinical pictures of case (1) and case (2).

Clinical Follow-Up

Patients were recalled one week postoperatively 
for suture removal and evaluation of healing.
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Evaluation

Cone beam CT was used at 6 and 9 months post-
operatively (as shown in cases 1 & 2) to evaluate:

·	 The correlation between the extension of the 
titanium mesh into the maxillary sinus and 
the amount of subantral bone filling (fig.1):

In order to assess whether the depth of extension 
of the titanium mesh (Y) could affect the 3D filling 
of the subantral bone, we classified the elevated 
sinuses into two groups: those, in which the mesh 

extends more than two thirds the mediolateral 
dimension of the maxillary sinus and those in which 
the mesh extends less than two thirds of the distance.

Statistical analysis:

Data were tabulated, coded then analyzed using 
the computer program SPSS (Statistical package for 
social science) version 17.0 to obtain descriptive 
data. Data were considered statistically significant 
if the p value was ≤ 0.05.

Fig. (1): Representing coronal view of the maxillary sinus; 
The titanium mesh extension inside maxillary sinus 
(Y), Green arrows represent the lateral two thirds of 
the mediolateral dimension of the maxillary sinus, Red 
arrows represent the medial one third of the mediolateral 
dimension of the maxillary sinus.

Preoperative CBCT parasagittal view shows sever pneumatization of maxillary sinus (A), 6 months postoperative CBCT para-
sagittal view {white arrow for newly formed bone (trabeculation), Black arrow for unhealed bony window (buccal plate), 
Gray arrow for tick shaped titanium mesh} (B), 9 months postoperative CBCT para-sagittal view showing healing of 
buccal plate (C), 12 months postoperative CBCT para-sagittal view showing complete bone maturation and incomplete 
bone filling (D)

Fig. (2): Sinus elevation kit (DASK) (Dentium Catalogue)

Case (1) Radiographically: A 27 years old female patient, left sinus
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 Preoperative CBCT parasagittal view showing sever pneumatization of maxillary sinus (A), 6 months’ postoperative CBCT 
parasagittal view showing new bone formation which filled most of the created space mediolateral, Small area of low 
density below the titanium mesh that might indicate the presence of tissue for further healing (B), 9 months’ postoperative 
parasagittal view CBCT showing more bone maturation (C), complete bone formation and maturation also disappearance 
of the line separating native from new bone (D). 

Preoperative photograph (A), lateral view of edentulous area after full 
mucoperiosteal flap reflection and retraction showing the shadow of sinus 
membrane (B), the created window showing the elevated sinus membrane (C), 
foil template try-in (D), the foil template is used as a guide to shape the titanium 
mesh (E), the titanium mesh fixed to the maxilla using micro-screws (F) and 
repositioning and suturing of the flap (G)

Case (2) Radiographically: 27 years old female patient (right sinus).

Case (1) Clinically:
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N.B. The results of 12 months postoperatively 
not included in the statistical analysis.

RESULTS

Seven patients, 5 males and 2 females; with the 
age ranging from 27 to 61 years and a mean age 
of 37.2 years were included in this study. A total 
number of 11 maxillary sinuses were lifted in an 
attempt to create adequate height of the alveolar 
ridge to accommodate future implant placement.

The correlation between the extension of the titani-
um mesh into the maxillary sinus and the amount 
of subantral bone filling:

When the height of the formed bone was related 
to the depth of the titanium mesh, no significant 
difference could be observed at either 6 or 9 months. 
However, when the depth of newly formed bone was 
compared against the depth of the titanium mesh, a 
high significant difference was noted at both 6 and 
9 months. (Table 1)

Preoperative photograph (A), lateral view of edentulous area after full mucoperiosteal flap reflection and retraction (B), the created 
window showing the elevated sinus membrane (C), foil template try-in (D), the titanium mesh fixed to the maxilla using micro-
screws (E) and repositioning and suturing of the flap (F)

Case (2) Clinically:
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DISCUSSION

There is no general consensus regarding the 
ideal space making device for sinus lift procedures. 
However, the ideal device should maintain the 
space and at the same time enhance the filling of the 
subantral space with the least complications. Cricchio 
and colleagues reported the use of a bioresorbable 
device. (24) Nevertheless, it was associated with 
intraoperative complications and at the same time 
negatively influenced the healing process. In the 

present study, the titanium micromesh was selected 
based on multiple advantages including excellent 
biocompatibility, tenting action, malleability and 
mechanical resistance. Being a non-resorbable 
device, it prevents future pneumatization even if 
the subantral space is left without grafting and/or 
implantation. It also protects the blood coagulum 
from the intra-sinus pressure. (15,16,17,18) 

The titanium mesh used in the present study was 
able to efficiently maintain the created space in all 
postoperative follow up periods. This was in contrast 
to Schweikert and colleagues, who reported about 
50.8% loss of the originally created apace. (25)

Maxillary sinus lift without grafting has different 
advantages. There is no risk of graft infection and no 
donor site morbidity. Absence of the graft material 
also eliminates the risk of postoperative sinusitis, 
which could occur as a result of graft displacement. 
(26-29) 

The bone filling of the subantral space is 
reported to starts medially then gradually proceeds 
toward the distal antrostomy site. (30-33) In contrast, 
the present study clearly demonstrated that bone 
starts to form at the lateral wall of the sinus and 

Chart (1) The relation between the elevated sinus depth 
(Mediolaterally) and the newly formed bone height 
and depth (subantral bone fill) at 6 and 9 months 
postoperatively.

TABLE (1) The relation between the elevated sinus depth (Mediolaterally) and the newly formed bone 
height and depth (subantral bone fill) at 6 and 9 months postoperatively.

Elevated sinus depth
(Mediolateral Extension)

P
< 66% > 66%

Mean ±SD Mean ±SD

Height of formed bone (6M) (%) 48.00 9.90 53.71 9.96 0.5

Height of formed bone (9M) (%) 73.50 21.92 72.14 11.01 0.9

Depth of formed bone (6M) (%) (Mediolaterally) 51.50 13.44 97.43 6.80 <0.001**

Depth of formed bone (9M) (%) (Mediolaterally) 68.50 12.02 100.00 .00 <0.001**

SD: Standard deviation, P: Probability, *: Significance < 0.05, **: High significance < 0.001, Test used: Student’s t-test 
(Unpaired).

<66%; the titanium mesh extends to a distance less than two thirds of the mediolateral dimension of the maxillary sinus.

>66%; the titanium mesh extends to a distance more than two thirds of the mediolateral dimension of the maxillary sinus.
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then extends medially. This could be attributed to 
the dropping of sinus membrane beyond the medial 
end of the mesh leading to slight instability of the 
blood clot beneath it, which negatively affects the 
healing process. (15,16) To decrease the effect of the 
membrane dropping, we recommend extending the 
titanium mesh beyond two thirds the medio-lateral 
dimension of the sinus.     

SUMMARY

This study was designed to evaluate the use of 
titanium micromesh (with adequate medio-lateral 
extension) for maxillary sinus floor elevation 
without any grafting to obtain adequate sub-antral 
bone for future dental implant placement.

CONCLUSIONS

At least two thirds of the sinus depth must be 
elevated to obtain adequate bone width for future 
implantation.
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