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 ABSTRACT 

Abstract 

 

Background: Rehabilitation of posterior maxilla is compromised by deficient 

residual bone height that inversely affects the primary dental implant stability. 

Sinus lift procedure, which was developed and has been applied widely in clinics, 

for maxillary sinus membrane elevation either the lateral or the crestal approach 

is used depending on the bone height of the residual ridge. Crestal approach had 

the limelight among clinicians due to it’s many advantages in comparison with 

the lateral approach. Nonetheless, the crestal approach has several drawbacks in 

that the osteotome technique depends heavily on the skill of the clinician and give 

rise to complications such as headache and vertigo after sinus lift procedure. 

Various surgical procedures and devices have been developed to overcome the 

shortcomings of the osteotome technique. Among these devices using hydraulic 

pressure for sinus membrane elevation have demonstrated a low risk of sinus 

membrane perforation as well as ease of application. Since in general crestal 

approach defined to be a blind approach in which sinus membrane perforation 

cannot be recognized clearly, thus endoscopic surgery has change the philosophy 

and practice of modern implant surgery in all aspects. It give rise to minimally 

invasive surgery procedures based on the ability to visualize and to operate via 

small channels. 

Aims: 

1. To evaluate the efficacy of hydraulic sinus lift with the use of osung sinus lift 

kit. 

2. To assess for the presence of sinus membrane perforation with endoscopy. 
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 ABSTRACT 

Materials and methods: This clinical prospective randomized study was 

organized from December 2017 to December 2018. Simultaneous 52 implants 

placement with sinus augmentation (one-stage surgery) were done for 30 patients 

(5 males and 25 females) with a mean age of 46.86 years (range: 19-72) divided 

into 2 groups: group A (Osung) the hydraulic pressure technique and group B 

(Osteotome) the conventional osteotome technique, were enrolled in this study. 

For each patient, a presurgical examination with orthopantomography and cone 

beam computed tomography for initial assessment of the residual bone height, 

endoscope used intraoperatively in each case to asses the presence of shniedrian 

membrane perforation, followed by augmentation of the sinus with osteon III plus 

collagen membrane.  

Results:  Twenty seven cases (51.9%) were managed by osung procedure for 

sinus lift, while twenty five cases (48.1%) were performed by osteotome sinus 

lift. The mean of subantral bone height for patients managed by osung procedure 

was 4.77 ± 1.17 mm, while those with osteotome procedures was 4.89 ± 1.32 mm. 

There was no statistical significant difference between them. Also there was no 

significant difference regarding the thickness of shniedrian membrane between 

perforated cases (0.97 ± 0.74 mm) and nonperforated ones (0.69 ± 0.71 mm), the P 

value was (0.516). Perforation of sinus membrane observed in 12% of cases 

managed by osteotome procedure and in 3.7% of cases treated by osung kit. 

Conclusion: The use of endoscope is simple, easy, and quick for direct 

visualization of the Schneider membrane. Results from this study exhibited that 

maxillary sinus floor elevation using Osung water lift system via crestal approach 

is a predictable procedure with a low perforation rate as compared with 

Osteotome technique. 
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 INTRODUCTION 

Introduction 

 

The maxillary sinuses were first discovered by Leonardo da 

Vinci in 1489. It governs approximately 12 to 15 mL of air (Chanavaz, 

1990), and opens into the inferior aspect of the ethmoidal infundibulum 

through an ostium; of particular importance is the integrity of the 

ostiomeatal complex which is the morphfunctional unit responsible for 

drainage and aeration of the anterior ethmoidal, maxillary, and frontal 

sinuses (Testori et al., 2010).  

Pneumatization could happen in all paranasal sinuses during 

growth period causing them to enlarge in volume but when affects 

maxillary sinuses particularly after tooth extraction this leads to 

insufficient alveolar ridge height for dental implant installation 

necessitating atraumatic sinus membrane elevation and surgical void 

augmentation with different grafting materials (Sharan & Madjar, 

2008) to enable placement of implants other than short one because the 

minimum length for predictable dental implant success is 10 mm or 

what is called the standard length implant (Griffin & Cheung, 2004). 

Implant placement has become a widespread dental procedure to 

restore the edentulous jaw with functional defects. However, in many 

cases, insufficient vertical bone height of the residual ridge and poor 

bone quality give rise to difficulties in implant placement in the 

maxillary posterior area. This is partially due to the rapid progression of 

alveolar bone resorption and pneumatization of the maxillary sinus after 

tooth extraction. To overcome such anatomical and physiological 

problems, a sinus lift procedure, which was composed of a maxillary 

sinus membrane elevation step and bone graft step, was developed and 

has been applied widely in clinics.  
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The crestal approach, which is known as the osteotome technique, 

was introduced first in 1977 by Tatum and published in 1986.  

Summers In 1994 modified this technique suggesting the use of a 

specific set of osteotomes for preparing the implant site and elevating 

the sinus floor. The crestal approach had the limelight among clinicians 

due to its many advantages in comparison with the lateral approach.  

Kim et al. in 2013 reported devices using hydraulic pressure for 

sinus membrane elevation have demonstrated a low risk of sinus 

membrane perforation as well as ease of application. Recently, 

companies have developed devices for the sinus lift procedure by the 

crestal approach using a special drilling system and hydraulic pressure.  

Kim et al. in 2008 stated that the most common intraoperative 

complication seems to be Schneiderian membrane perforation. Large 

tears can cause sinusitis, graft infection, or graft displacement into the 

sinus which could compromise new bone formation and implant 

survival (Reiser et al., 2001). 

Endoscopy has changed the philosophy and practice of modern 

surgery, all types of maxillofacial surgery are now commonly done 

endoscopically (Pedroletti et al., 2010). The introduction of the 

endoscope into dental implant procedures, particularly transalveolar 

sinus lifts, has made advances in implantation techniques possible 

(Zheng et al., 2014). A technique to raise the sinus membrane during 

the operation under endoscopic control was introduced in the late 1990s 

(Engelke & Deckwer, 1997). 

Nahlieli et al. in 2011 described the Modular Implant 

Endoscope, in working options, endoscopic observations, and 

highlighted its potential for the development of innovative endoscopic 

techniques for dental implant procedures. The advantages of using it in 

dental implant procedures were described, and examples of how 
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miniature visualization and surgical endoscopic techniques can be 

applied to increase the success of implantation are outlined. The new 

modular implant endoscope accurately identified all microanatomical 

and pathological structures, and simplified dental implant procedures. 

This randomized clinical study is accomplished to evaluate the efficiency of 

hydraulic sinus lift technique using Osung kit versus the conventional osteotome 

technique with the aid of sinus endoscopy. The current research is the first of it’s 

kind to be transpired in Iraq. 
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 AIMS OF STUDY 

Aims of study 

The study is aimed to: 

1. Evaluate the efficacy of hydraulic sinus lift with the use of osung sinus lift kit. 

2. Assess the presence of maxillary sinus membrane perforation with the use of 

sinus endoscopy. 

 



 

 

 

Chapter One  

Review of literature 
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CHAPTER ONE REVIEW OF LITERATURE 

Review of Literature 

 

1.1 Historical background 

The maxillary sinuses (MS) were first discovered and demonstrated by 

Leonardo da Vinci in 1489 but the earliest attribution of importance was given 

to Nathaniel Highmore, the British surgeon and anatomist who designated it in 

detail in 1651. However, it was only in the late 19th century that the first 

comprehensive, organized anatomical and pathological descriptions of the 

paranasal sinuses were issued by Zuckerkandl (Sargi & Casiano, 2007). 

 

1.2 Embryology 

The MS is the first sinus to develop in utero. After birth, it undergoes two 

periods of rapid growth, between birth and 3 years of life, then between ages 7 

and 18 years (Sargi & Casiano, 2007). 

It is not seen on imaging at birth and presents as a shallow rounded sac. 

Rapid pneumatization is noticed between 1 and 4 years. The floor of the sinus 

reaches level of the inferior meatus by 7 years of age and the adult appearance is 

attained by 12 and 14 years when the floor of the sinus reaches level of the nasal 

cavity floor (Vaid & Vaid, 2015). 

 

1.3 Surgical anatomy 

1.3.1 The maxillary sinus and ostiomeatal complex  

Since the maxillary sinus lift procedure has become routine in oral 

rehabilitation, detailed knowledge related to maxillary sinus anatomy and its 

variations is indispensable (Malec et al., 2015). 
 

The MS is the largest of the paranasal sinuses. It has an estimated volume 

of approximately 12 to 15 cm (Chanavaz, 1990; Cordioli et al., 2001). 
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The average dimensions of the adult sinus are 2.5 to 3.5 cm wide, 3.6 to 

4.5 cm tall, and 3.8 to 4.5 cm deep (Van Den Bergh et al., 2000). 

The MS has a pyramidal shape with an anterior wall corresponding to the 

facial surface of the maxilla. Its posterior bony wall separates it from the 

pterygomaxillary fossa medially and from the infratemporal fossa laterally. Its 

medial wall does not contain any bone; it is formed by the middle meatus mucosa, 

a layer of connective tissue and the sinus mucosa. The floor of the MS is formed 

by the alveolar process of the maxillary bone and the hard palate. It lies at the 

same level of the floor of the nose in children, and 5-10 mm under the floor of 

the nose in adults and in an edentulous patient, it is 1 cm below the nasal floor 

(Van Cauwenberge et al., 2006). 

The sinus floor extends anteriorly to the premolar or canine region and 

posteriorly to the maxillary tuberosity with in many cases its lowest part close to 

the area of the first molar. It is the thickest wall in dentate adults (Woo & Le, 

2004). 

The roof of the MS corresponds to the floor of the orbit, and frequently 

shows a posteroanterior bony canal for the distal part of the second branch of the 

trigeminal nerve (Kubal, 1998).  

The components of the ostiomeatal complex comprise the maxillary 

ostium, middle meatus, ethmoidal infundibulum, bulla ethmoidalis, uncinate 

process, and hiatus semilunaris (Vaid et al., 2011). 

The maxillary ostium is located along the superior aspect of the medial 

sinus wall drains into the base of the ethmoidal infundibulum (Kubal, 1998).The 

size of the ostium varies between (3-10) mm and it can exhibit variable shapes 

and positions (May et al., 1990). The fact that the ostium is high in the medial 

wall reduces the likelihood of a blockage during sinus augmentation (Van Den 

Bergh et al., 2000). 
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1.3.2 Sinus septa 

One of the most common morphological variations was described by 

Underwood in 1909 as sinus septa (Underwood, 1910). They are walls of cortical 

bone present within the maxillary sinus; their shape has been described as an 

inverted bow arch arising from the inferior or lateral walls of the sinus, and may 

even divide the sinus in two or more cavities (Farmand, 1986; Kannaperuman 

et al., 2015). Even though Underwood (Underwood, 1910), published a detailed 

description of MS anatomy in 1910. For decades these septa were considered 

clinically insignificant anatomical variations until the advent of sinus 

augmentation (Kannaperuman et al., 2015). 

Septa prevalence should be considered on each occasion prior to sinus lift 

surgery, as its presence may lead to perforation or tearing of the Schneiderian 

membrane or a reduction in the capability of augmentation steps in treatment 

success rate (Malec et al., 2015). 

It is important for septa to be accurately diagnosed on preoperative 

imaging. The occurrence and location of MS septa have been evaluated using 

panoramic radiography and computed tomography (CT). The prevalence of sinus 

septa varies from 16% to 58% according to Kannaperuman et al., 2015 and 

around 24.6% with no relation of patient's age or gender in contribution to 

Raghunathan et al., 2016.   

Ulm et al. in 1995 considered the incidence of septa if they measured more 

than 2.5 mm, while Diserens et al. in 2005 considered only bony septa more than 

4 mm in height or width because they can cause problems during sinus lift.  

Ella et al. in 2008, defined septa as one or more cortical bony ridges of at 

least 4 mm. 
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1.3.3 Blood supply 

The posterior superior alveolar artery, inferior orbital artery, greater 

palatine artery, and sphenopalatine artery are the main branches of the maxillary 

artery that provide blood supply to the bony walls and membrane of the antrum. 

The sites of the inferior orbital and the posterior superior alveolar arteries are 

important in surgical planning as damage to these arteries could cause bleeding 

(Hur et al., 2009; Rosano et al., 2011). 

The two arteries reconnect with each other and form a double arterial 

arcade which encompasses the MS (Kqiku et al., 2013). 

This anastomosis is either extraosseous 23-26 mm away from alveolar 

ridge or endosseous 16.4 -19.6 mm from the alveolar margin (Rosano et al., 

2011). 

The dental branch of the posterior superior alveolar artery has an 

endosseous anastomosis with the inferior orbital artery in all dissected anatomical 

cases, but this anastomosis is found radiographically in only 50% of cases (Solar 

et al., 1999; Kqiku et al., 2013). Of particular importance is the intraosseous 

anastomosis which is also called alveolar antral artery (AAA). It was first 

described in 1934 and it passes through the area where the bony window (in 

lateral approach) is most frequently opened during sinus elevation (Strong, 

1934), as illustrated in figure (Fig.) (1.1): 
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Figure (1.1): Schematic representation of the alveolar antral artery as anastomosis of 

the posterior superior alveolar artery with the infraorbital artery (Valente, 2016). 

 

1.3.4 Venous drainage 

Take place through the facial, sphenopalatine veins and pterygoid venous 

plexus. The importance of the vascular drainage of antrum lies in the fact that 

apart from joining typical ways in the maxilla to the jugular veins, it can as well 

drain ascending into the ethmoid and frontal sinuses and ultimately reach the 

cavernous sinus in the brain. Extension of infection through this course is a grave 

complication of MS infections (Hauman et al., 2002). 

1.3.5 Innervation 

Is by the maxillary nerve. The posterior and middle superior alveolar 

nerves supply posterior wall of the sinus, anterior superior alveolar nerve supply 

anterior wall of the sinus, infraorbital nerve supply superior wall and part of 

medial wall, and the greater palatine nerve supply ostium and inferior wall of the 

sinus (Wang & Katranji, 2008; Danesh-Sani et al., 2016). 
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1.4 Antral mucous membrane (Schneidrian membrane) 

The MS bony cavity is lined with the sinus membrane, also known as the 

Schneiderian membrane (SM) (Van Den Bergh et al., 2000). 

In 1660, Schneider who was a German anatomist first described the nasal 

mucous membrane. It is characterized by periosteum overlaid with a thin layer of 

pseudociliated stratified respiratory epithelium constituting an important barrier 

for the protection and defense of the sinus cavity. In normal conditions, the 

membrane has a thickness of approximately 0.8 mm (Pandit & Chopra, 2016).  

Antral mucosa is thinner and less vascular than nasal mucosa (Van Den 

Bergh et al., 2000), while; in smokers, it diverges from very thin and nearly 

absent to very thick with a squamous type of epithelium. This can be measured 

effectively by cone beam computed tomography (CBCT) (Janner et al., 2011). 

Usually normal membrane consists of ciliated and nonciliated 

pseudostratified columnar epithelium intermingled with goblet cells. The ciliated 

cells comprise about 50 to 200 cilia per cell (Misch et al., 2008). The beat 

frequency of cilia is around 60 kHz (1000 beat per minute), thus moving mucus 

and debris actively (Janner et al., 2011).  

They did their function in a mass action making coordinated chronological 

beating so generating a wave like motion usually in the path of the ostium. The 

mucus runs repetitively and pushed by the underneath cilia. A fresh mucinous 

blanket is formed every 30 minutes. The SM shows few elastic fibers connected 

to the bone which make simpler rising of this tissue from the bone (Pandit & 

Chopra, 2016). 

The integrity of the SM is essential in maintaining the healthy and normal 

function of the MS. The mucociliary apparatus protects the sinus against infection 

while the membrane also acts as a biologic barrier (Ardekian et al., 2006).  

Overfilling of the sinus during sinus augmentation (SA) procedures may 

cause membrane necrosis (Pandit & Chopra, 2016). 
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1.5 Maxillary sinus bacterial flora 

Healthy maxillary sinuses have been judged to be sterile but bacteria may 

inhabit within them without making symptoms. However, the incidence of 

pathogenic bacteria on the sinus floor at the time of sinus elevation was confirmed 

by microbiological analysis in 18.1% (Carreño et al., 2016).  

 As reported by Misch et al., 2008, theoretically the mechanism by which a 

sterile situation is preserved consists of: 

1. The mucociliary clearance structure. 

2. Production of nitrous oxide within the sinus cavity. 

3. Immune system.  

 

1.6 Maxillary sinus functions 

1. Humidification. 

2. Filtering inhaled air in the nose (Parks, 2014). 

3. Pressure damping. 

4. Vocal resonance. 

5. Reduction weight of the skull and growth of the face (Al-Salman & Almas, 

2015). 
 

1.7 Sinus compliance 

Although the prompt postsurgical recovery of the maxillary mucosa with a 

rapid return to preoperative sterility is frequent (Misch et al., 1991; Timmenga 

et al. 2001), it must be pointed out that the “sinus compliance” which represents 

the intrinsic potential of recovery of the normal maxillary sinus homeostasis after 

sinus floor elevation (SEF) depends on its baseline anatomo-physiological 

condition: the better the starting condition (high sinus compliance), the lower the 

risk of complications (Torretta et al., 2013). 

However, given the strict anatomical relationship between the alveolus and 

the overlying MS and the fact that any surgical procedure may lead to a transient 
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inflammatory reaction, the possibility of post-grafting infectious sequelae should 

be considered. In particular, SFE may impair physiological antral drainage into 

the middle meatus by inducing transient inflammatory periosteal swelling or 

other mechanisms predisposing to acute maxillary sinusitis (the most frequent 

post-lifting complication) and possibly lead to bone graft loss (Timmenga et al., 

2001). 

Preoperative anamnestic, clinical and possibly radiological assessments, 

are the precious instruments needed to define the sinus compliance, therefore, 

they are desirable to identify all of the situations that may predispose to post 

grafting complications. Moreover, rare conditions significantly (and presumably 

irreversibly) impairing sinus drainage are responsible for an excessive risk of SFE 

failure and need to be preoperatively detected as current contraindications to the 

procedure (Torretta et al., 2013). 

 

1.8 Sinus pnuematization (SP) 

Deficiency in bone volume in the posterior maxilla is one of the most 

common problems to the implantodontist to plan an implant supported prosthesis. 

This is because the MS in the absence of teeth tends to be pneumatized reducing 

the height of alveolar ridge, hindering the installation and/or initial stability of the 

implant required to the prosthetic support is sophisticated. Against this problem, 

authors have created a procedure to increase bone volume of atrophic jaws 

through the maxillary sinus lifting (Boyne & James, 1980; Tatum, 1986). 

The cause for this phenomenon of the maxillary sinus has been explained 

as a type of disuse atrophy. The decrease of functional forces transferred to the 

bone after tooth loss causes a shift in the remodeling process toward bone 

resorption according to Wolff’s law, this result in an increase of the sinus volume 

at the expense of the edentulous alveolar ridge (Sharan & Madjar, 2008). 
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Sharan & Madjar in 2008 reported that histologic examination has shown 

the pnuematization process occurs by osteoclastic resorption of cortical walls of 

the sinus and the layering of osteoid inferior to it. The reasons for sinus 

pneumatization are poorly understood. Among the factors that influence this 

process are: 1. Heredity. 2. Craniofacial configuration. 3. Density of the bone. 4. 

Growth hormones. 5. Sinus air pressure 6. Sinus surgery. 

Tolstunov et al. in 2012 classified sinus pnuematization into five types 

according to the degree of pnuematization in edentulous regions (the distance 

from the midline of the maxilla to the anterior sinus border): 

SP0, or ‘‘clear’’ (> 30 mm). 

SP1, mild degree of enlargement: 26-30 mm.  

SP2, moderate enlargement: 21-25 mm. 

SP3, severe SP: 16-20 mm.  

SP4, extreme SP: ≤ 15 mm, as in (Fig.) (1.2): 

             

Figure (1.2): Frontal section of the maxillary sinuses. Hyperpneumatization of the left 

sinus and atrophy of the alveolar ridge subsequent to tooth loss is evident (Testori1, 2012). 
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1.9 Cone beam computed tomography (CBCT) 

The technology transfer of   CBCT to dentistry first occurred in 1995. 

Italian coinventors, Tacconi & Mozzo developed a CBCT system for the 

maxillofacial region that was designed and produced by QR Srl of Verona, Italy 

(Tyndall & Rathore, 2008). 

It is a new diagnostic tool that has revolutionized diagnosis and treatment 

planning in the dental field. CBCT provided an alternate method of cross-section 

image production to fan-beam CT using a comparatively less expensive radiation 

detector than conventional CT (Jaju & Jaju, 2014). 

Shanbhag et al. in 2013 stated that although CT is considered as the “gold 

standard” in imaging for visualization of the maxillary sinus, CBCT is gaining 

increasing popularity in this respect. 

 

Currently, the utility of CBCT encompasses field of dental implantology, 

oral surgery, orthodontics, endodontics, sleep apnea, temporomandibular joint 

disorders, and periodontics, and it is expanding its horizon in the field of ear, 

nose, and throat medicine (Zöller & Neugebauer, 2008; Barghan et al., 2010). 

CBCT is the preferred option for implant dentistry as it provides greater 

measurement accuracy when compared to two-dimensional imaging, while 

utilizing lower doses of radiation (Macleod & Heath, 2008; Tischler, 2008). 

 It should be considered when clinical conditions indicate a necessity for 

augmentation procedures or site development before the placement of dental 

implants. 

In implant dentistry, recent guidelines recommend the use of CBCT for 

three dimensional treatment planning, especially prior to SFE for evaluating both 

residual alveolar and sinus conditions (Benavides et al., 2012; Harris et al., 

2012). These guidelines also suggest that extending the “field of view” to include 
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the ostiomeatal complex may be justified to avoid postoperative complications 

resulting from a compromised drainage system (Harris et al., 2012). 

 

1.9.1 CBCT applications:   

1. Ridge morphology 

The buccolingual ridge pattern cannot be viewed on two dimensional 

radiographs, but CBCT provides the advantage of showing the type of alveolar 

ridge pattern present (Jaju & Jaju, 2014). 

 

2. Quality of bone at implant sites 

The term “bone quality” is commonly used in implant treatment and in 

reports on implant success and failure. It has been emphasized that bone density 

(bone mineral density) and bone quality are not synonymous. Bone quality 

encompasses factors other than bone density such as skeletal size, bone 

architecture, the three dimensional orientation of the trabecula, and matrix 

properties. Bone quality is not only a matter of mineral content, but also of 

structure (Lindh et al., 2004). 
 

3. Gray scale for density estimation in CBCT 

For bone density measurement CBCT recommended as a “Gold standard“ for 

assessing bone morphology and microarchitecture (Burghardt et al., 2011; 

Ibrahim et al., 2013). 
 

4. CBCT-guided implant surgery 

Computer-generated surgical guides can be fabricated from the virtual 

treatment plan. These surgical guides are used by the implantologist to place the 

planned implants in the patient’s mouth in the same position as in the virtual 

treatment plan allowing for more accurate and predictable implant placement and 

reduced patient morbidity (Orentlicher & Abboud, 2011). 
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5. Bone graft analysis 

The morphology of a traumatic defect is critical in developing the implant 

site before planned implant placement. Defect size and shape affect the factors 

that guide treatment-planning decisions and encounter the basis for calculating 

how much graft material is required (Quereshy et al., 2008). 

 

1.9.2 Features specific to MS observed in CBCT 

Rahpeyma & Khajehahmadi in 2015 clarified that the features other than 

the height and the width of residual alveolar ridge that can commonly be observed 

in CBCT are:  

a. Thickness of the lateral maxillary sinus wall.  

b. Presence of alveolar antral artery and its diameter.  

c. Maxillary sinus floor width.  

d. Irregularity of sinus floor.  

e. Intimate relation of SM with the roots of the adjacent teeth.  

f. Maxillary sinus septum. 

In addition to these features there are other points to be observed: 

g. Membrane thickness: Rapani et al. in 2016 classified the thickness of the SM 

on CBCT images: 

1. Type I (not recordable) 62%. 

2. Type II (0-2 mm) 18%. 

3. Type III (3-4 mm) 34%. 

4. Type IV (>4 mm) 23%. 

h. Postion of ostiomeatal complex (Kubal, 1998). 

i. Degree of sinus pnuematization (Tolstunov et al., 2012). 
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1.10 Indications for sinus lift procedure: 

Kim & Ho in 2014 claimed that in selecting the treatment approach lateral 

window or transalveolar technique to perform maxillary sinus floor elevation, the 

clinician needs to consider the following factors: 

First, one needs to determine the amount of residual bone height (RBH) 

that is available for the implants to be placed with primary stability. RBH is 

defined as the height of bone immediately below the sinus cavity. It is commonly 

accepted that a residual bone height of less than 4 mm warrants a lateral window 

sinus elevation approach without simultaneous implant placement, as the primary 

stability of the implant at the time of placement may be jeopardized (Fugazzotto, 

2003; Chiapasco et al., 2008). 

Second, the length of the implant planned also influences the treatment 

approach. 

 

 

1.11 Classification of alveolar bone availability:  

Wang & Katranji in 2008 presented an ABC system based on that the implants 

will be of minimum specifications; 4 mm in diameter and 10 mm in length, 

numerous studies showed higher success rates in implants with a length of 10 mm 

or greater.  

   It is also generally acknowledged that a larger-diameter implant provides better 

stability and makes clinical success more likely (Degidi et al., 2007). 

Wang & Katranji, 2008 classification: 

Class A: Abundant Bone 

Indicates that the sinus floor is located at least 10 mm from the crest, with a width 

of 5 mm or greater. The distance from the bone crest to the adjacent 

cementoenamle junction (CEJ) is 3 mm or less. In this clinical scenario, implants 

can be placed without further grafting.  
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Class B: Barely sufficient bone 

The sinus floor is located 6-9 mm from the crest of the bone. The width is 

at least 5 mm and does not require further horizontal augmentation.  The bone 

crest is 3 mm or less from the adjacent CEJ. In this scenario, the sinus can be 

augmented using either osteotome or lateral wall (window) procedure, and the 

implant may be placed simultaneously. 

Class B situations can be subclassified into one of the three divisions: 

1. Division h (horizontal defect): Sinus floor is 6-9 mm from the crest of the 

bone, and the width is less than 5 mm, the bone crest is 3 mm or less from the 

adjacent CEJ. Requires horizontal augmentation such as guided bone 

regeneration (GBR) to achieve proper width. The width should be augmented to 

at least 5 mm so that the class B protocol can be followed. 

2. Division v (vertical defect): Sinus floor is 6-9 mm from the crest of the bone 

with normal bone width (≥ 5mm).  The bone crest is more than 3 mm from the 

adjacent CEJ and requires vertical augmentation.   
 

3.  Division c (combined defect): Sinus floor is 6-9 mm from the crest of the 

bone, the width is less than 5 mm and the bone crest is greater than 3 mm from 

the adjacent CEJ.  In this scenario, a combined vertical and horizontal component 

requires grafting procedures.   

Class C: Compromised bone 

The bone crest is 5 mm or less from the sinus floor, the bone width is 5 mm 

or more, and the bone crest is 3 mm or less from the adjacent CEJ.  Lateral wall 

sinus augmentation is often recommended for a more predictable outcome, if 

implant stability is achieved, then immediate implants may be placed in a two-

stage approach.  If implant stability cannot be achieved, a sinus graft should be 

allowed to heal for at least 6 months.  Implants are placed after the healing period.   
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1.12 Sinus lift approaches: 

The surgical procedure was first described by Tatum in 1975 (Boyne & 

James, 1980; Woo & Le, 2004). 

There are two main approaches: the lateral window and the transalveolar 

(crestal), however, several authors have published modifications of both 

techniques (Wallace & Froum, 2003; Sotirakis & Gonshor, 2005). 
 

1.12.1 Lateral approach  

Tatum in 1986 was the first to report penetration of the maxillary sinus 

with a modified Caldwell-Luc approach which makes use of an unfinished 

fenestration osteotomy in the maxilla’s lateral face to raise the sinus membrane 

creating an empty hole in the floor of the antral cavity. This area is then filled 

with different grafting materials (Misch, 1995; Raja, 2009). 

The inferior border of the window in the lateral wall should be about 3 mm 

from the floor of the sinus. The posterior extension of the window can be over 

the tuberosity, while the anterior border should be about 3 mm from the anterior 

wall of the sinus (Tarnow et al., 2000). 

The osteotomy can be prepared using a high-speed hand piece or 

piezoelectric instruments. Using a piezoelectric tip during preparation of the bony 

window will considerably reduce the risk of perforation of the membrane 

(Wallace et al., 2007; Wallace et al., 2012). 
 

There are 3 techniques for lateral window preparation: 

A. Trap door technique 

Kao, 2014 reported this procedure as "incomplete fracture". The prepared 

osteotomy window is raised apically and medially providing a new sinus floor 

and will be as a roof for implant if it is placed immediately but at same time the 

bony island may impinge the medial sinus wall or cause injury to the membrane 

during bending. 
 



 
 

20 

CHAPTER ONE REVIEW OF LITERATURE 

B. Wall off technique 

It is also called "Access Hole" technique in which the bony window is 

completely removed from underlying SM by bur so it allows for more access 

(Batal & Norris, 2013; Kao, 2014).  
 

C. Trephine osteotomy  

Emtiaz et al. in 2006 reported maxillary SA using trephine connected to 

straight hand piece to create bone cut 4-5 mm above the crest of alveolar bone, 

then the prepared bony window is carefully and completely detached from the 

underlying sinus membrane. The elevation of sinus membrane is continued to 

create the required space for augmentation then the bony piece is readapted to its 

original position and fitted well that no need for further replacement of absorbable 

membrane. 

Sohn, 2011 discussed the use of saw with thin blade connected to piezotom 

to make a "replaceable bony window". 
 

1.12.1.2 Disadvantages of lateral window technique:  

1. More invasive and expensive approach (Nedir et al., 2006). 

2. Time consuming procedure (Kao, 2014). 

3. Is considered to be a technique-sensitive due to the possible tearing of the AAA 

which result in hemorrhage and more risk of sinus membrane perforation (Solar 

et al., 1999).  

4. Need surgical skills and equipment (Kfir et al., 2009). 
 

1.12.2. Crestal (Transalveolar or Transcrestal) approach: 

The transcrestal approach was first presented in 1977 by Tatum and 

published in 1986 (Tatum, 1986). 

The technique consisted of preparing the implant site with a “socket 

former” selected according to the implant size to be placed. A “green-stick 

fracture” of the sinus floor was performed by hand tapping the socket former in 

a vertical direction until a fracture of the sinus floor was obtained.  
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Crestal approach modifications: 

1. Osteotome technique 

Summers in 1994 modified this technique suggesting the use of a specific 

set of osteotomes for preparing the implant site and elevating the sinus floor 

(Summers, 1994). 

In 2002, Fugazzotto suggested that the pristine bone at sites of implant 

placement could be drilled up to the sinus floor with a trephine bur and used to 

fracture the sinus floor by hydraulic pressure through osteotomes. Since then, 

many surgical techniques with specially designed instruments for the transcrestal 

approach were reported in the literature (Trombelli et al., 2015). 

The surgeon experience and skills are fundamental for achieving a 

controlled fracture without perforation (Toffler, 2004). 

In the majority of the articles published, indirect osteotome maxillary sinus 

floor elevation (OMSFE) is generally employed when the residual bone height is 

equal to or greater than 6 mm (Jurisic et al., 2008; Pjetursson et al., 2008). 

However, some of the reviewed studies included cases of sinus elevation made 

with less than 6 mm of residual bone (Romero-Millán et al., 2012). 

2. Zimmer sinus lift balloon technique 

In 2010, the Zimmer sinus lift balloon was developed to gently elevate the 

SM with minimum trauma and without the use of sharp instruments. The 

apparatus is a pneumatic device consisting of a 5 mL syringe, polyvinyl chloride 

tubing, and a metal shaft with a tip connected to a latex miniballoon with an 

inflation capacity of approximately 5 cm. 

The amount of saline placed in the lure syringe was determined by the 

number of millimeters that the antral membrane to be elevated and corresponded 

to the amount of graft material in cubic centimeters that were needed to fill the 

lifted area (Rodrigues et al., 2010; Lateef & Asmael, 2016). 
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3. Press-fit bone block:  

Draenert & Eisenmenger in 2007 developed a new technique for the 

transcrestal sinus floor elevation and alveolar ridge augmentation with press-fit 

bone cylinders (bone dowels). 

The use of press-fit bone dowels is known in orthopedic spinal surgery for 

interbody fusion since 1957 and is now a standard procedure (Wiltberger, 1957;                        

Cauthen et al., 1998,). The use of press-fit dowels was described in 

craniomaxillofacial surgery only once by Umstadt et al. (1994) when testing 

polylactide cylinders for fixation in sagittal split osteotomies in vitro.  

4. Sinus lift procedure by hydraulic pressure: 

Kim et al. in 2013 reported devices using hydraulic pressure for sinus 

membrane elevation have demonstrated a low risk of sinus membrane perforation 

as well as ease of application. Recently, companies have developed devices for 

the sinus lift procedure by the crestal approach using a special drilling system and 

hydraulic pressure. Although several newly developed sinus lift devices have 

been used widely and successfully, only a few reports on the devices developed 

in evaluating clinicians’ opinions on the available sinus lift devices is undoubt-

edly important for the further development of safer and more user-friendly sinus 

lift devices. 

Li et al., 2013 supposed that to reduce complications, piezosurgery was 

used to expose the maxillary sinus mucosa through the alveolar crest pathway in 

maxillary sinus floor elevation with hydraulic pressure for xenograft and 

simultaneous implant placement in cases with a ridge bone height of 2-5 mm. 

Some potential advantages of the method are reduced trauma and a reduced rate 

of sinus membrane perforation during surgery, and no malleting. In their study 

they demonstrated that maxillary sinus floor elevation using the water lift system 

via the crestal approach is a predictable procedure with a low complication rate 

compared with the lateral approach with piezoelectric surgery.  
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Sotirakis & Gonshor in 2005 described a new method using hydraulic 

pressure to elevate the antral floor for bone grafting between the sinus floor and 

the SM before placement of endosseous osseointegrated implants. The method 

was first modeled experimentally in hen eggs, acting as a surrogate sinus, and 

then in human cadaver preparations. Several clinical case reports are also 

presented. This technique successfully combines the advantages of the Caldwell-

Luc window approach which permits the placement of high bone graft volume 

and the simplicity of the osteotome technique by way of the alveolar ridge crest.  

Broadly speaking, the hydraulic pressure technique follows the Summers 

method designed to reach the sinus bone floor and fracture it applying osteotomes 

in a specific sequence to both deepen and widen the osteotomy site and create an 

in-fracture of the sinus floor. Next, injecting normal saline solution under 

hydraulic pressure beneath the SM with a suitably fitted syringe creates 

simultaneous detachment and elevation of the membrane (Sotirakis & Gonshor, 

2005). 

Subsequently, various modifications to the original technique have been 

reported in order to improve the reliability and the safety of the membrane 

elevation using inflation of a balloon catheter and “hydraulic” or “negative 

pressure” (Summers, 1994; Chen & Cha, 2005; Soltan & Smiler, 2005;                   

Suguimoto et al., 2006).  

This technique may provide high predictability in clinical outcome, 

together with extremely low morbidity and shortened surgery (Sotirakis & 

Gonshor, 2005).  

Chen & Cha, 2005 emphasized the concept of hydraulic sinus 

condensation, as a variant of the osteotome technique. An osteotomy is initially 

drilled into the crestal ridge at the planned site, the fluid-dynamic technique is 

characterized by the hydraulic detachment of the mucosa and simultaneous filling 

of the sub-Schneiderian space with a fluid consistency bone graft material. 
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Kim et al., 2012 in a clinical study evaluated the effectiveness of the water 

lift system and concluded that it could be considered as a sinus surgical 

instrument which ensures safety in the sinus membrane-lifting operation.  

          The shortcomings of the Summers technique have motivated the 

development of a great variety of new methods over the past 15 years (Summers, 

1994).  

         Recent publications on these modifications covered the use of balloons (Hu 

et al., 2009; Rodrigues et al., 2010), hydraulic pressure in humans (Sotirakis & 

Gonshor, 2005), the appliance of a hydraulic sinus condensing technique (Chen 

& Cha, 2005), Gel-pressure technique (Pommer et al., 2009), as well as, the use 

of “intelligent drills” (Kim et al., 2008; Kim et al., 2013), as pictured in in Fig. 

(1.3): 

                            

Fig. (1.3): The high pressure pushes the Schneiderian membrane away from the drill 

(Jesch et al., 2013). 

 

1.12.2.1 Advantages of crestal approach: 

1. Surgical simplicity and minimal invasiveness because of undisturbed 

vascularization of the graft resulting in minimal postoperative morbidity 

(Mazor et al., 2013). 

2. Less time consuming (Mazor, 2012). 
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3. The technique is essentially heatless and improve tactile sensitivity to changes 

in bone texture and density (Summers, 1994). 

 

1.12.2.2 Disadvantages: 

1. Perforation of sinus membrane during drilling and bone compaction by 

osteotome. 

2.  Benign positional paroxysmal vertigo could be produced by the damage to the 

internal ear from striking osteotomes and surgical mallet when sinus floor is 

broken (Peñarrocha-Diago et al., 2008). 

3.  Blind technique and limited amount of elevation when compared with the 

lateral approach so SA is limited (Nakajima & Kusama, 2016). 

 

1.13 Endoscopic sinus lift surgery: 

Endoscopy has changed the philosophy and practice of modern surgery, all 

types of maxillofacial surgery are now commonly done endoscopically 

(Pedroletti et al., 2010).  

A technique to raise the sinus membrane during the operation under 

endoscopic control was introduced in the late 1990s (Engelke &Deckwer, 1997; 

Wiltfang et al., 2000). 

The intraoperative use of sinuscopy as described by Grunenberg  & 

Gerlach in 1990 for maxillary sinus elevation procedures allows for exclusion of 

sinus pathology intraoperatively, control of the bone graft position, a reduced risk 

of sinus membrane perforations, and fewer postoperative complications 

(Grunenberg & Gerlach, 1990; Ritter et al., 2011). 

The introduction of the endoscope into dental implant procedures, 

particularly transalveolar sinus lifts has made advances in implantation 

techniques possible (Zheng et al., 2014). 
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The endoscope was inserted into the sinus by a laterobasal approach 

through a small osteotomy. The membrane was raised and the bone grafts inserted 

using a transalveolar approach (Wiltfang et al., 2000). 

Nahlieli et al. in 2011 described the Modular Implant Endoscope in 

working options, endoscopic observations, possibilities and highlighted its 

potential for the development of innovative endoscopic techniques for dental 

implant procedures. The advantages of using it in dental implant procedures were 

described, and examples of how miniature visualization and surgical endoscopic 

techniques can be applied to increase the success of implantation are outlined. 

The new modular implant endoscope accurately identified all microanatomical 

and pathological structures, and simplified dental implant procedures. 

Fisher et al. in 1989 stated that sinuscopy has been used as a diagnostic 

tool in cases of maxillary sinus diseases for more than 20 years. It can be 

performed after a local anesthesia had been induced with a minimum of 

postoperative discomfort by using a transalveolar or laterobasal approach, the 

graft material is applied under direct endoscopic view of the elevated 

mucoperiosteum.  
 

Wiltfang et al. in 2000 claimed that the surgical intervention requires two 

surgeons, the first performing the continuous endoscopy and the second 

performing the augmentation of the sinus floor through the implant cavity. 
 

 

Nahlieli et al., 2011 introduced a simple compact direct visualization and 

working technology for assisting the surgeon during the implantation procedure. 

In the past, pathologies of the implant cavity’s wall could not be diagnosed by 

direct observation because of the rapid beclouding of the optical system. A 

technique to intraoperatively examine prepared implant sites was presented in the 

early 2000s, and it facilitated diagnosis. Examination of implant cavities was 

performed with immersion endoscopy. In 2006, a microendoscope (Visio Scope, 

Ulm, Germany) was introduced for multidisciplinary use in dentistry, including 
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dental implantology. Overall, the usefulness of similar endoscopes in 

maxillofacial surgery and dentistry has already been established. It has been used 

as diagnostic, therapeutic, and observational purposes. 

Zheng et al. in 2015 reported that endoscopy enabled the development of 

minimally invasive operations. The introduction of the endoscope into dental 

implant procedures has made advances in implantation techniques possible. 

Endoscopic lifting of the floor of the maxillary sinus is a safe and effective 

approach based on direct observation in beagles. 

Garbacea et al. in 2012 clarified that endoscope controlled sinus floor 

augmentation may actually have a lower postoperative complication rate for the 

transcrestal procedure in patients with 4.0 to 8.0 mm of vertical bone height below 

the sinus floor. 

The intraoperative use of sinuscopy as described by Grunenberg & 

Gerlach in 1990 for maxillary sinus elevation procedures allows for: 

1. Exclusion of sinus pathology intraoperatively. 

2. Control of the bone graft position. 

3. Reduced risk of sinus membrane perforations. 

4. Fewer postoperative complications. 

Schleier, 2011 determined whether endoscope guided sinus elevation 

procedures can be consistently used to create sufficient bone support for stable 

implant placement and long-term implant success. The minimally invasive 

internal sinus floor elevation procedure visually guided by an endoscope helped 

to prevent, diagnose and manage complications such as sinus membrane 

perforation. The clinical outcomes show that endoscope controlled internal sinus 

floor elevation combined with implant placement results in: 

1. Low intraoperative trauma. 

2. Good implant stability upon placement. 

3. Low incidence of postoperative symptoms.  

4. High success rates.  
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Zheng et al. in 2015 stated that the sinus membrane was lifted and the 

perforations inspected with the endoscopic injection cannula for dental implants. 

Even though this innovative endoscope could be inserted into the sinus through 

the implant cavity, it did not enable to see the actual sinus lift, therefore the 

author wanted to find out how to raise the sinus membrane under direct vision to 

get more height, but also to avoid an additional laterobasal osteotomy for 

insertion of the endoscope. 

1.14 Sinus augmentation: 

A. Graftless sinus lift. 

B. Grafted sinus lift. 

 

A. Graftless sinus lift 

The surgical technique of maxillary sinus Schneiderian membrane lifting 

with immediate/simultaneous installation of dental implants, generally results in 

significant bone formation. The recently reported graftless elevation procedure 

and the subsequent augmentation of bone have greatly changed the expectancy 

of bone neoformation potential. The blood clot formed under the lifted membrane 

appears to be of critical importance in bone neoformation potential precluding the 

need for exogenous graft materials (Falah et al., 2016). However, in non-grafting 

sinus lifting, the formation of blood clot in the region can be compromised by 

sinus static forces caused by air pressure associated with respiration (Kaneko et 

al., 2012). 

CBCT data have demonstrated no difference in bone density following the 

utilization of allogeneic filling materials versus following a graftless sinus 

procedure (Altintas et al., 2013). 

B. Grafted sinus lift  
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The sinus augmentation procedure is a successful and predictable approach 

for  the augmentation of the posterior maxilla (pneumatized sinus) with deficient 

crestal bone (Del Fabbro et al., 2008). 
 

1.14.1 Biomaterials in sinus augmentation procedures 

Different types of biomaterials have been utilized for sinus augmentation 

including autograft, allograft, xenograft, alloplast, and growth factors, and the 

selection of the ideal graft materials is controversial (Avila-Ortiz et al., 2012). 

1. Autogenous grafts 

Can be harvested from intraoral or extraoral sources and considered as the 

gold standard for sinus augmentation (Precheur, 2007). Their main advantage is 

their osteogenic capacity; however, increased morbidity, limited availability, and 

high resorption rate of the graft (up to 40%) make them less desirable in sinus 

augmentation (Wallace & Froum, 2003; Tosta et al., 2013). 

 

2. Allogenic bone grafts (Allografts) 

Are obtained from cadavers of the same species as the recipient of the graft. 

They are osteoconductive materials that also act as space-maintaining scaffolds 

for regeneration of the bone (Chaushu et al., 2010; Avila-Ortiz et al., 2012). 

3. Xenografts 

Are obtained from different species of animals and they act as 

semipermanent or slowly resorbing osteoconductive grafts that have been used 

for sinus augmentation in various clinical trials (Chaushu et al., 2010; Bassil et 

al., 2013). 

4. Alloplasts  

Buser et al. in 1993 introduced the basic principles of “Guided bone 

regeneration” (GBR) that is providing the cells from bone tissue with a space 

intended for bone regeneration away from the surrounding connective tissue by 

inserting barrier membranes to a bone defect. 
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Among various bone graft materials, calcium phosphate (Ca-P) bone 

substitutes such as hydroxyapatite (HA) and beta-tricalcium phosphate (β-TCP) 

have been widely used because their chemical and structural characters are 

similar to those of human bone (Erbe et al., 2001). 

Indeed, they have shown favorable biocompatibility and osteoconductivity 

when used as bone graft materials among (Ca-P, HA) which is very stable and 

can maintain the space effectively but has low osteoconductivity (Lee et al., 

2015). 

In contrast, β-TCP is more biodegradable and rapidly replaced by newly 

formed bone but has low capacity of space maintaining (Dorozhkin, 2009), 

therefore, biphasic calcium phosphate (BCP) which is composed of HA and β-

TCP was introduced to overcome limitations of each material and several studies 

have been demonstrated that BCP can be used as bone substitutes successfully 

(Lee et al., 2015). Osteon is a newly developed alloplastic material containing 

70% HA and 30% β-TCP (Kim et al., 2008). 

5. Growth factors 

Tissue-engineered materials have also been used for sinus augmentation 

bone morphogenetic protein (BMP). Bone morphogenetic protein 2 is one that 

has been sequenced and recreated as a recombinant human protein growth factors 

can be added to all grafting materials (Cochran et al., 1999). 

6. Platelet-rich fibrin (PRF) 

Choukrouns protocol is a simple and free technique that allows one to 

obtain fibrin clots and membranes enriched with platelets and growth factors after 

starting from an anticoagulant-free blood harvest (Choukroun et al., 2006). 

Platelets are a known source of growth factors such as platelet derived 

growth factors (PDGF) and transforming growth factors (TGF-β) (Browaeys et 

al., 2007). 

The clinical applications of PRF have already been described in 

periodontal regeneration surgery, sinus augmentation, and bisphosphonate-
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related osteonecrosis of the jaw (Chang & Zhao, 2011; Zhao et al., 2015; Tsai 

et al., 2016). 

7. Autogenous blood    

It have been reported that  the use of blood clot as filling material by means 

of the guided bone regeneration technique promoting bone neoformation in the 

maxillary sinus areas (Palma et al., 2006; Ahn et al., 2011). 

 

 

8. Surgicel: (oxidized regenerated cellulose) 

Is a sterile fully resorbable knitted hemostatic agent prepared by the 

controlled oxidation of regenerated cellulose (Simunek et al., 2005). It briefly 

among materials that can be used to close perforations of the Schneiderian 

membrane, (Smiler et al., 1992).  

Gray et al. in  2001 used it in one case report as a graft material, 

furthermore, Hussein & Hassan (2017) in their study utilized surgicel as a 

grafting material in 33 sinusal implants via transalveolar sinus lift approach with 

quietly encouraging results. 

 

1.15 Complications associated with crestal approach: 

1. Schneiderian membrane perforation:  

Kim et al. in 2008 stated that the most common intraoperative 

complication seems to be Schneiderian membrane perforation, which occurs in it 

happens in 7–10% to 35% (Arad et al., 2004; Shlomi et al., 2004). 

Failure to atraumatically elevate the SM may result in graft migration or 

loss, exposure of the graft or the implant to the sinus, and postoperative site 

infection. In addition to contaminating the recipient site, disruption of the mucosa 

may alter the normal mucociliary flow patterns causing retention of secretions 

and infections around the foreign body (Ward et al., 2008). 
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The occurrence of iatrogenic sinus membrane perforations during surgery 

does not seem to be related to sinusitis in healthy people (Ardekian et al., 2006), 

however, large tears can cause sinusitis, graft infection, or graft displacement into 

the sinus which could compromise new bone formation and implant survival 

(Reiser et al., 2001). 

Following sinus membrane damage, initial postsurgical bleeding causes 

vasoactive substance release leading to primary clot formation underneath it. This 

is followed by inflammatory phase characterized by membrane transitory 

swelling that predominates at 48 hours and subside over a period of several days 

(Makary et al., 2016). At times, perforation of the sinus membrane is even not 

detected (Kim et al., 2008). 
 

Variables that influence the risk of perforation: 

1) Anatomical variations:  

a) Presence of septa, spine, or sharp edges. 

b) Root projections in the area of the sinus. 

c) Morphology of the sinus floor and the presence of sharp angles between inner 

walls of the sinus. 

2) Choice of operation (Zijderveld et al., 2008). 
 

Classification of membrane perforation:  

Fugazzotto et al.  in 2015 classified perforation according to site into:  

class I occur at apical area of osteotomy window; class II located at crestal, 

mesial, or distal area of osteotomy window and further subdivided into class II 

A, B depending on their position in relation to sinus wall (class II A if 4-5 mm 

available space away from sinus wall and class II B when perforation at the end 

of osteotomy window and no available space remain to reach sinus wall); and 

class III perforation located at any area within the center of prepared osteotomy. 

Management of schniederian membrane perforations: 

Depending on the size of perforation: 
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A. Small perforations < 5 mm: 

1) Collagen or fibrin adhesive (Karabuda et al., 2006). 

2) Absorbable haemostatic agent containing oxidised regenerative cellulose can 

be used to manage perforated membranes because of its excellent physical and 

biological properties (Simunek et al., 2005). 

3) Utilizing resorpable barrier membrane and complete the SL procedure (Batal, 

2013). 

 
 

B. Large perorations ≥ 5 mm: 

1) Abandoning the procedure for 6-9 months while the membrane regenerates 

(Karabuda et al., 2006), or at least 3 months before relifting (Ferrigno et al., 

2006). 

2) Using shorter-than-planned implants (6-8 mm) to avoid intrusion of the 

implant into the sinus acting as temponade (Nedir et al., 2006). 

3) Application of collagen sponges at the end of the osteotomy above the implant 

(Toffler, 2004). 

2. Hemorrhage:  

Bleeding during sinus augmentation is rare because the main arteries are 

not within the surgical area. Although accidental laceration of the PSAA is not 

life-threatening because of the small size of the artery, it is rarely happened during 

transalveolar approach unless there is anatomical variations. An impaired 

visualization may compromise the elevation of the SM and interfere with the 

placement of the graft material (Elian et al., 2005; Testori et al., 2010), as 

exemplified in Fig. (1.4). 
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Fig. (1.4): Demonstration of varying distances at which the PSAA is located (Ella et al., 

2008). 

 

 

3. Benign paroxysmal positional vertigo (BPPV): 

Preparation of implant beds with osteotomes and surgical mallets transmits 

percussive and vibratory forces capable of detaching the otoliths (i.e. heavy, 

inorganic grains of calcium carbonate involved in the sensation of movement and 

verticality) from the otoconial layer of the utricular macula causing them to float 

around in the endolymph (Saker & Ogle, 2005; Pjetursson et al., 2009a; 

Pjetursson et al., 2009b).  
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Sammartino et al. in 2011 said that moreover, the patient’s surgical head 

position, with the face up and the head hyper-extended and tilted opposite to the 

side where the surgeon is working, favors the displacement of these free-floating 

particles into the posterior semicircular canal of the implanted side; when the 

patient later adopts a seated position, the otoconia descend into the ampullar crest 

triggering an anomalous stimulus causing vertigo, also called iatrogenic BPPV, 

a common vestibular and organ disorder characterized by short-term recurrent 

episodes of vertigo associated with intense nystagmus due to the anatomical 

features of the district involved.  

The usual age of onset of BBPV is 50-60 years, with incidence increasing 

with age. It is benign because it is not a progressive condition and is not life-

threatening, paroxysmal because it is sudden and unpredictable in onset positional 

because it occurs with certain changes in head position, and vertigo because there 

is a sense of spinning or whirling of the room. Because the symptoms may be 

very incapacitating, immediate referral to an otolaryngologist is highly 

recommended to identify it correctly and manage it properly. Spontaneous 

remission of symptoms can occur within 6 months of onset (Saker & Ogle, 

2005). 

4. Loss of the implant or graft materials into the maxillary sinus 

The displacement of implants or graft materials into the maxillary sinus 

can result in a foreign-body reaction and cause serious complications. Migration 

of a dental implant into the maxillary sinus may present a risk for the development 

of maxillary sinusitis. Immediate implant insertion should be performed only if 

the residual bone is stable and high enough to ascertain high primary stability 

(Becker et al., 2008). 

Various mechanisms have been proposed to explain the migration of an 

implant into the maxillary sinus, which fall under three main categories: 

1) Changes in intrasinal and nasal pressures. 
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2) Autoimmune reaction to the implant causing periimplant bone destruction and 

compromising osseointegration.  

3) Resorption produced by an incorrect distribution of occlusal forces (Galindo-

Moreno et al., 2005). 

 

5. Sinusitis:   

Can occur as a result of sinus contamination during the operation (Misch 

et al., 1991). Osteal obstruction due to postoperative swelling of maxillary 

mucosa, nonvital bony fragments freely floating in the maxillary sinus, and 

altered anatomy after the grafting affecting the sinus normal physiology (Manor 

et al., 2010). 

Timmenga et al. in 1997 evaluated 156 patients for sinusitis after sinus 

augmentation and found transient (subacute) maxillary sinusitis in 4% when 

using general accepted ear nose and throat criteria for diagnosing sinusitis. 

Chronic maxillary sinusitis has been reported to occur in 1.3% of the patients. 

Manor et al. in  2010 stated that the main susceptive reason for maxillary 

postoperative acute sinusitis is hematoma or seroma filling the sinus reducing 

patency of the maxillary ostium and the ostiomeatal complex. The clinical 

diagnosis of sinusitis is characterized by a triad of symptoms: nasal congestion, 

secretion or obstruction, and headache. Detection of maxillary siusitis according 

to conventional radiographs is difficult. Direct visualization of the sinus and the 

ostiomeatal unit by endoscopy preoperatively and postoperatively is beyond 

doubt. However, the accessibility of using endoscopy is limited owing to 

economics, ethics, and professional training.  

6. Infection: 

Chiapasco et al., 2009 advocated that implant migration in the sinuses may 

not be followed by relevant signs and symptoms of infection, but it can be 

associated with oroantral communication and/or infection that may involve the 

maxillary sinus and the ethmoidal, frontal and sphenoidal sinuses. These 
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displaced foreign bodies should be removed as soon as possible to prevent such 

complications. Two main treatment modalities have been proposed for the 

removal of displaced implants in the sinuses and to treat the associated infectious 

complications: an intraoral approach with the creation of a bony window in the 

anterior-lateral wall of the maxillary sinus and a transnasal approach with 

functional endoscopic sinus surgery. 

7. Schneider membrane thickening: 

Makary et al., (2016) found a significant transient swelling of sinus 

membrane at first week after sinus lift and then decreased at 3, 6 and 12 months 

with positive correlation between graft volume and membrane thickness and no 

correlation with type of alloplast. This thickening may be a result of altered 

physiologic function after surgical trauma. 

Quirynen et al. in  2014 reported that the antral membrane responded with 

a significant swelling (5-10 times) during first week of operation. 

Lateef  & Asmael in 2016 concluded that it is important to know that antral 

mucosal thickening is often seen on routine radiological examination in 

individuals who are otherwise asymptomatic and healthy. 

 

8. Others: 

a. Wound dehiscence. 

b. Paresthesia (along the distribution of infraorbital nerve). 

c. Flap necrosis. 

d. Oroantral fistula. 

e. Cyst formation. 

f. Osteomyelitis. 

g. Cavernous sinus thrombosis and orbital cellulitis. 

h. Insufficient new formed bone for implant placement. 

i. Failure of dental implants. 

 



Chapter Two 

 Materials and Methods
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Materials and Methods 
 

2.1 Study sample  

This prospective randomized clinical study accomplished by (simple-block 

method with the use of flipping coins) was organized from December 2017 to 

December 2018 in the College of Dentistry Teaching Hospital, Department of 

Oral & Maxillofacial Surgery/Dental Implant Unit/University of Baghdad. 

The sample involved patients with single or multiple missing and hopeless 

teeth in the sinus zone of atrophic maxilla (pneumatized sinuses) in which the 

subantral bone height was 3-7 mm for one stage sinus lift surgery utilizing Osung 

crestal approach (OCA) kit and Osteotome technique. This is followed by 

examination of SM patency with the aid of endoscope accompanied by 

simultaneous DI placement and sinus augmentation.  

A total of 30 Iraqi patients aged 19-72 years, 5 males & 25 females met the 

eligibility criteria were enrolled in this study receiving 52 DI.  

These cases (sites) allocated in two groups, Group A (Osung) in which 

sinus lifting was performed by (OCA-KIT), and group B (Osteotome) which 

constituted the use of osteotomes to achieve sinus lift surgery. For both, the SM 

was examined with the benefit of endoscope for the presence of any perforation 

accompanied by photos and videos captured for confirmation. Furthermore, sinus 

augmentation with DI placement completed with the use of NucleOss DI plus 

Osteon III collagen (β-tri calcium phosphate) as an augmentation material and 

barrier membrane. 

The total performed SL cases in the group A were 27 sites, while they were 

25 for group B, as explained in table (2.1). 
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Table (2.1): Study sample. 

30 Patients 

Group A- 15  Group B- 15  

Total performed SL cases (27 sites) Total performed SL cases (25 sites) 

2.1.1 Eligibility criteria  

1. Good general health without any disease that compromising bone healing 

potential as heavy smoking, hyperparathyroidism, fibrous dysplasia, etc… 

2. Patient’s age ranged from 19-72 years of both genders. 

3. Partially or completely edentulous maxilla with delayed implant placement 

protocol. 

4. Adequate subantral bone height to ensure primary stability for the placement 

of implants between 3-7 mm (single stage surgery for sinus augmentation). 

2.1.2 Exclusion criteria 

1. Medical conditions that could interfere with normal healing or inability to 

withstand surgery including current pregnancy at the time of the surgical 

procedure, psychosis, uncontrolled systemic diseases like uncontrolled diabetes, 

irradiation of the head and neck region or chemotherapy over the past 5 

years…etc. 

2. Presence of acute/chronic infection or local pathological conditions in the 

implant zone. 

3. Patients with clinical and/or radiological evidence of rhinosinusitis. 

4. Anatomical elements that preclude SL mainly underwood septa of more than 

4 mm and membrane thickening more than 6 mm.  

5. Patients required a sinus elevation that necessitate two-stage approach (when 

the SAD < 3 mm). 

6. Patients with previous history of vertigo (for group B only).  

7. Parafunctional habits such as severe bruxism and clenching. 
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2.2 Armamentariums & medications 

1. Complete surgical set 

The main constituents were scalpel, blade No.15, molt periosteal elevator, 

cheek retractor, flap retractor, tweezer, toothed forceps, surgical curette, needle 

holder, iris scissor, normal saline solution 0.9%, as in Fig. (2.1). 

 

Fig. (2.1): The surgical set. 

 

2. DI micromotor engine 

    DI engine set at 600-800 round/minute (rpm) and torque of 35 N/cm 

coupled with external irrigation system, Fig. (2.2). 

 

Fig. (2.2): Dental implant engine (Dentium Co., Korea) illustrating settings of the 

device. 
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3. OCA-KIT  

    The kit contained: drills for the crestal approach (OCA drills: pilot drill 

ᴓ 2.0 mm, cannon drills ᴓ 2.4, ᴓ 2.8, ᴓ 3.2 mm), there are nine stoppers at 

drilling depth from (2-10 mm) length. The kit also consist of three aqua taps (ᴓ 

3.15S, ᴓ 3.15, and ᴓ 3.5 mm) with two adapters (manual, engine). Other tools of 

the kit were sensor gauge (ᴓ 2.8 mm), bone condenser (ᴓ 3.1, ᴓ 2.7 mm), bone 

carrier (ᴓ 3.5, ᴓ 3.9 mm), finally the kit is equipped with pressure loading metal 

syringe along with plastic tubes, Fig. (2.3). 

    

 
Fig. (2.3): (A, B, C) OCA-KIT (Osung Co., Germany). 

 

 

 

B A 

C 
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4. Implant surgical kit & DI 

NucleOss DI system was assigned in this study, Fig. (2.4). 

     

Fig. (2.4): (A) Implant surgical kit (NucleOss T6 Co., Turkey). (B) DI with S.L.A 

surface inside its package (NucleOss T6 Co., Turkey). 

5. Osteotome kit & surgical mallet 

    The kit was supplied with 5 color-coded osteotomes with different 

diameters 2, 3.4, 3.8, 4.3, and 4.8 mm. Type A osteotomes with convex tips were 

used with the aid of a surgical mallet, as in Fig. (2.5). 

       

Fig. (2.5): (A) Sinus osteotomes kit type A (Dentium Co., Korea), (B) Surgical mallet 

used with osteotomes to create a greenstick fracture of the antral floor (Leeds Co., 

England). 

 

B 

A   B 
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6. Endoscope 

SY-P029-1 medical video endoscope with flexible fiberscope was used to 

inspect Schnieder membrane patency with specifications of 2.8 mm diameter 

camera lens (camera resolution was 10.5 Ip/mm at 7 mm and 300000 pixels 

count). Endoscopic probe articulation up to 180ᵒ and down to 130ᵒ, it’s insertion 

tube covered with polyurethane match the medical standard, in addition to LCD 

monitor with high resolution supplied with memory card to capture photos and 

record videos for documentation purposes, Fig. (2.6) 

    

Fig. (2.6): (A, B) SY-P029-1 medical video endoscope (Sunny Medical Equipment Ltd. 

Co., China). 

 

7. Barrier membrane 

Genoss collagen membrane is a resorbable to be used during GBR 

procedure and sinus lift sterilized in a vacuum wrap by gamma-radiation. This is 

a thin membrane (300 μm in thickness) with dimensions of 20×30 mm, 

multilayered biroughed surface with sufficient mechanical strength for simpler 

handling. The resorption period is about 6 months to afford enough time for 

stabilizing bone graft and new bone growth, Fig. (2.7). 

A   B 
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Fig. (2.7): (A, B) Collagen membrane (Genoss Co., Korea). 

 

8. Particulate bone graft material 

Osteon III sinus is a synthetic oseoconductive bone graft substitute 0.5 cc, 

comprised of HA & β-TCP. It is an interconnected porous structure, asymmetrical 

shaped particle size ranged 0.5-1.0 mm and is supplied sterile by gamma 

radiation, Fig. (2.8). 

 

 

Fig. (2.8): Osteon III lifting in its package (Genoss Co., Korea). 

 

 

 

 

 

A   B 
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9. Vernier 

Is a measurement tool, Fig. (2.9). 

 

Fig. (2.9): Vernier (Hardened Co., China). 

  

10. CBCT and OPG device: 

   CBCT set at 84 kV, 4.00 mA & 150 µm voxel size;  

   OPG set at 73 kV, 10.0 mA & 11.9 s, Fig. (2.10). 

     

Fig. (2.10): (A) & (B) Kodak 9500 Cone Beam 3D System with effective dose 92 µSv & 

Orhtopantogram system with effective dose 11.9 (Carestream CS 8100 3D Health Inc., 

France). 

 

 

 

 

 

 

 

A   B 
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11. Medications 

a. Topical spray anaesthesia (Lidocaine 10%). 

b. Lidocaine hydrochloride 2% with Adrenaline 1:80,000 in 2.2 mL glass 

cartridge (Septodont, France). 

c. Cefixim (Suprax) 400 mg tablet (tab) or Azithromycin 200 mg tab.   

d. Metronidazole 500 mg tab. 

e. Panadol extra (Caffiene 65 mg + Paracetamol 500 mg) tab. 

f. Nasophrin 0.5% (decongestant) nasal drops. 

g. Clorhexidine digluconate mouth wash 0.2%. 

h. Povidone iodine skin disinfectant 10%. 
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2.3 Methodology 

2.3.1 Study design 

A prospective observational randomized clinical study, the steps 

summarized in the algorithm, Fig. (2.11). 

 

Fig. (2.11): Sequential flow chart. 

30 Patients 

Examination of sinus membrane by means of endoscope capturing photos and 

videos  

Osung OCAKIT 

Group of intelligent 

drills and aqua taps 

used for sinus 

membrane elevation 

by hydraulic pressure 

technique. 

Osteotome 

Different sizes of 

osteomes used along with 

mallet to perform sinus 

lift. 

Group B (15) Group A (15) 

History & clinical examination 

Preoperative radiographical examination (OPG & CBCT)  

 

Sutures removal 14 days following surgery  

Completion of the SL procedure with placement of DI+ barrier membrane+ non 

autogenous bone graft material 

Wound closure with black silk suture 3\0  

Sinus lift surgery via transalveolar sinus membrane elevation with Osung OCA- 

KIT or Osteotomes.  



 
 

48 

CHAPTER TWO MATERIALS AND METHODS 

2.3.2 Preoperative assessment 

2.3.2.1 History 

A detailed medical, family and dental history were taken from the patients 

regarding any systemic diseases that could influence bone healing & sinus health. 

(appendix I & II).  

2.3.2.2 Clinical examination 

Extraoral: 

A clinical examination of the MS evaluates the middle third of the face for 

the presence of asymmetry, nasal congestion or obstruction are noted, regional 

lymph nodes, facial profile and smile line. 

Intraoral: 

The intraoral examination assesses the floor of the antrum for any 

pathology as alveolar ulceration, expansion, paresthesia, tenderness or oroantral 

communication. Mouth opening, oral hygiene, periodontal status and any 

evidence of clinical signs of parafunctional habits. All teeth being inspected for 

caries, gingival condition and biotype.  

Space analysis for the proposed implant site was performed in which the 

width of ridge is measured by blunt osteometer (bone caliper), intercoronal 

(mesiodistal) distance, height between alveolar ridge and opposing teeth or ridge 

where estimated by using a special Vernier.  

2.3.2.3 Radiological examination 

Preoperative OPG was taken as a standard radiograph for documentation. 

CBCT was essential for sinus lift procedure in order to provide a roadmap for 

assessment of the available alveolar bone height, width of the planned implant 

site, condition of the MS, presence of antral septa, ostium patency and other 

pathologies that may involve the alveolar bone or the MS, also the type and 

degree of sinus pneumatization, thickness of Schneiderian membrane as in Fig. 

(2.12), (2.13), (2.14) & (2.15). Note: if there is any suspicious evidence about the 

sinus compliance clinically or radiographically, an ENT surgeon consultation for 
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fitness was made for this purpose. The overall treatment plan was formulated 

accordingly. 

 

 

Fig.  (2.12): Preoperative panoramic view demonstrating a general preliminary outline of 

the MS for initial assessment and interpretation for the anatomical limitations (MS, nasal 

cavity, mandibular canal and mental foramen). 

 

 

Fig. (2.13): Preoperative panoramic view showing the distance from the midline of 

maxilla to the anterior sinus border. SP3 degree of sinus pneumatization in the left side 

(23 mm). 
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Fig. (2.14): Preoperative CBCT scan: (A) Axiel view illustrating general sinus view, any 

sinus abnormality, subantral distance & membrane thickness. (B) Illustrating axial, 

coronal, 3D views presenting jaw orientation and determining width and bone height of 

the implant recipient site. 

 

 

Fig. (2.15): Preoperative CBCT scan (panoramic view) revealing the subantral distance 

(SAD) at different points to determine the lowest height and where SL should be 

performed. 

 

L R 

A   B 
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2.4 Patient's preparation 

First of all the surgical operation was explained for the patient in simple 

few expressing with the likelihood of intraoperative and postoperative 

complications. Following vocabulary approval of the patients to participate with 

the current study, they signed a special consent. Disposable sterile surgical 

drapes, then were applied head cup and protective glasses, followed by rubbing 

the skin of the face with Povidone iodine 10%. Instructing the patient to gargle 

with Clorhexidine mouth rinse 0.2% for 1 minute immediately before the 

installation of local anesthesia.  

   

2.5 Surgical procedure 

Topical spray anesthesia of Lidocaine 10% to the buccal\palatal mucosa 

applied to lessen pain during injection. Anaesthetization of the planned surgical 

field with Lidocaine 2%  commencing one tooth before and after the site of tissue 

flap for the anterior, middle & posterior superior alveolar nerves, starting with 

infiltration technique over buccal\palatal sides followed by infraorbital and 

greater palatine nerves block.  

Three sided flap (extensive or limited flap design) was made initiating via 

paracrestal incision with palatal bias for better visibility, preserving a wider band 

of keratinized attached gingiva avoiding wound dehiscence and reducing wound 

contamination. Full thickness mucoperiosteal flap reflected to expose crestal and 

buccal alveolar bone using Molt # 9 and\or Haworth periosteal elevator, Fig. 

(2.16). 
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Fig. (2.16): (A) Three sided flap (limited flap design commences from tooth #12, to tooth 

#14. (B) Reflection of full mucoperiosteal flap noticing the bulge of the lateral wall of the 

sinus which clarify it’s extension.   

 

For group A: (OCA-KIT) 

The procedure had been accomplished via the OCA-kit, after measurement 

of the subantral distance accurately by means of CBCT, Fig. (2.17). 

 

Fig. (2.17): OCA-KIT with drills & stoppers. 

 

According to the kit company guide, the procedure was started with the use 

of pilot drill ᴓ 2.0 mm (first drill) applied to the dental engine handpiece set at 

600-800 rpm and torque equals to 35 N/cm in order to precisely determine the 

preparation site. Then the operator turned to cannon drill ᴓ 2.4 mm with the 

application of a stopper 1 mm shorter than the SAD performing drilling to the full 

stopper length. The next step was the use of the second cannon drill A.I ᴓ 2.8 

A   B 
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mm which is a spring loaded drill with a stopper 1 mm more than the SAD, Fig. 

(2.18). 

 

         

Fig. (2.18): (A) OKA-KIT pilot and cannon drills. (B): Pilot drilling initiated at osteotomy 

site verifying the proposed implant site. (C): Cannon drill ᴓ 3.2 mm and stopper at the 

site of tooth #3. 

 

If cannon drill A.I (ᴓ 2.8 mm) stopped during the preparation, this did not 

necessarily mean that sinus inferior board is opened. To confirm this fact, sensor 

gauge with the same stopper used was; feeling the spring action which means 

opening has not occurred yet, Fig. (2.19). 

A   

B C 
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Fig. (2.19): Portraying the use of sensor gauge in order to ensure sinus floor opening. 

 

Subsequently, turning to the final cannon drill A.I (ᴓ 3.2 mm) with stopper 

of 1mm longer than the SAD and the preparation continued until autostop 

occurred. This meant that the sinus inferior board had been opened. No feeling of 

spring action with the sensor gauge meant that the sinus floor was opened, Fig. 

(2.20) illustrating features of this drills. 

 

 

Fig. (2.20): Cannon drill A.I (ᴓ 3.2 mm) with its edge cutting features and non-traumatic 

apical end. 
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For Schniedrian membrane elevation, the next step was accomplished by 

Aqua taps group, Fig. (2.21). 

   

Fig. (2.21): OKA-KIT aqua tap with their diameters. 

 

Proceeding by choosing ᴓ 3.5 mm aqua tap, dipping it in a cup of normal 

saline emptying from air bubbles, Fig. (2.22). 

 

Fig. (2.22): Aqua tap connected to the tube that already connected to a plastic syringe 

loaded on aqua syringe so as to get rid of air bubbles. 

 

A stopper used either 1 or 2 mm longer than SAD was attached to the aqua 

tap then assembled to its engine adapter which then applied to the engine 

handpiece with slow speed (35 rpm, 35 N/cm), Fig. (2.23).   

A 

C 

A   B 
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Fig. (2.23): (A) & (B) Insertion of final aqua tap assembled with the specific stopper and 

adaptor in order to perform the aqua lift of sinus membrane. 

Maintaining the same parallelism during insertion is vital to preserve the 

full engagement with the prepared socket in order to achieve successful hydraulic 

elevation. Detaching the adapter along with the handpiece from the aqua tap and 

connecting the plastic tube to the end of the aqua tap, while the second free end 

of the tube is connected to the plastic syringe filled with 5 cc of normal saline 

solution which itself loaded and locked by aqua syringe. Injection technique was 

gradually done by boosting normal saline through the tube and the inner aqua tap 

canal toward the sinus membrane by pressing on the aqua syringe handle. The 

syringe handle is provided with lock shaft device divided into equaled sequenced 

ledges to control boosting the saline gradually under pressure beneath the 

membrane. In addition, the aqua tap is designed to produce even pressure against 

the membrane by tiny holes distributed around the apical end of the tap in order 

to achieve safe elevation, Fig. (2.24).  

 
Fig. (2.24): Aqua syringe connected to the aqua tap boosting normal saline solution 

gradually to accomplish membrane lifting at tooth site # 3. 

A   B 
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Once elevation process is completed, the tube is removed from the tap and 

the adapter along with handpiece is assembled with the tap and retrieved from the 

socket by reverse torque system, Fig. (2.25). 

 

Fig. (2.25): Aqua syringe locking device. 

 

After sinus lifting was done by the OCA-KIT, the prepared socket is 

completed by the Nucleoss dental surgical kit drills to the desired implant 

dimensions that is installed at the end of the procedure in a motorized way with 

controlled speed and torque. 

For group B: 

Utilizing NucleOss surgical kit, starting with pilot drill to the 

predetermined height (1 mm below sinus floor) then the parallelism and 

angulation of drilling holes checked with the aid of parallel pins followed by 

sequential drilling maneuver, Fig. (2.26). 
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Fig. (2.26): (A) & (B) Parallel pins in initial osteotomy sites verifying the proposed 

implants position and angulation. 

 

Proceeding with larger drills until reaching the requested final drill 

diameter. Then a greenstick fracture of the sinus floor with ᴓ 3.4 mm osteotome 

and ᴓ 3.8 mm with gentle and controlled firm tapping by surgical mallet while 

asking the assistant to support the patient's head. Careful attention paid in this 

step as tactile sense and voice resonance (of prime importance) will be changed 

indicating entrance into sinus membrane space (SMS) as further tapping would 

perforate sinus membrane, Fig. (2.27). 

 

Fig. (2.27): Gentle and controlled firm tapping of the sinus floor utilizing 3.4 mm 

osteotome & mallet with the assistant supporting patient's head. 

A   B 
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 The vital point in this procedure, was checking for the patency of 

Schneiderian membrane for the presence of any perforation for both groups and 

it was implemented by means of the endoscope. Endoscopic parts assembled 

(display screen + flexible fiberscope), the lens wiped with 75% alcohol and turned 

on to be ready for use. Following the reverberation of the fluid into the oral cavity, 

the operator dried up the socket hole with cotton swab to eliminate the blood and 

fluid that remained inside in order not pervert the lens and influence its resolution, 

Fig. (2.28).  

     

Fig. (2.28): (A) Endoscopic parts assembled together, (B) Drying the socket by cotton 

swabs to prevent lens beclouding. 

 

Endoscopic lens introduced into the implant bed or at the edge of the drill 

hole (parascope) was utilized depending on SAD for observing and illustrating 

the membrane, asking the patient to take deep respiration to watch the membrane 

movement upon inspiration if there is any perforation to be detected or, however 

the perforation may be obvious once viewed by the endoscope capturing photos 

and registering videos for documentation, Fig. (2.29 And 2.30). 

 

 

 

 

 

 

A   B 
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Fig. (2.29): (A) Introducing the endoscopic camera into the socket, (B) Endoscopic 

monitor turned on displaying implant bed and membrane with clarity. 

 

    

    

Fig. (2.30): (A) Intact Schneider membrane with grayish-bluish hue (B) Piece of sinus 

floor following fracture with part of Schneider membrane that is intact (this picture 

mostly seen when SL is performed by the OCA-KIT). (C) & (D) Displaying obvious sinus 

membrane perforation during osteotome and Osung techniques respectively. 

A   B 

C D 

A   B 
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In both groups barrier membrane placed for about 2 minutes in a cup of 

physiological saline solution to prevent osmotic damage before use (according to 

the manufacturer instruction). The membrane is shaped (trimmed) all around with 

surgical scissor to the desired size and shape removing any sharp edges that could 

irritate the Schneider membrane, stacked for easy introduction through the hole 

after folding and introduced with the tweezer into the SMS, Fig. (2.31 A, B). 

The following step was to inject the nonautogenous bone graft material 

(osteon III) incrementally loaded with bone carriers of OCA-KIT and introduced 

through osteotomy hole into the SMS with the aid of bone condenser or 

osteotome, Fig. (2.31 C, D).  

     

     

A   B 

C D 
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Fig. (2.31): (A) Resorbable collagen membrane soaked in normal saline solution. (B) 

The membrane is folded and hosted into SMS in tooth site # 3. (C) Osteon III sinus bone 

graft installed through implant bed into the SMS in tooth site # 14. (D) Successive 

insertion of the bone graft with the aid of OKA-KIT bone condenser in tooth site # 3. 

The predetermined DI size mounted in implant engine handpiece (35 rpm, 

35 N/cm) and installed in its position. Final seating could be achieved with ratchet 

if required followed by subjoining the cover screw into the fixture, Fig. (2.32). 

     

Fig. (2.32): (A) Motorized installation of DI at tooth site # 3. (B) Connecting the cover 

screws to the DI. 

Note: In all cases the DI outside the sinus zone fitted in their position 

before proceeding with the sinus steps.  

With normal saline solution, the surgical field was irrigated for clearance 

of any remnants of bone substitute & debris. Wound closure is achieved with 3/0 

black silk non absorbable suture (simple interrupted technique), Fig. (2.33). 

 

A   B 
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Fig. (2.33): Wound closure. 

 

2.6 Instructions & postoperative care  

1. Oral gauze pads placed after surgery and kept in situ for 30 minutes. 

2. Application of cold packs over the skin of the face (at the surgical side) for 15 

minutes on and left for a period of time and this action is repeated respectively. 

As swelling is a normal sequelae after oral surgery that normally reaches its peak 

by the 3rd day and then starts to resolve; it can be diminished with ice packs over 

the operated area. Ice packs are useful for the 1st day only. These measures will 

not eradicate swelling but help immensely to reduce its severity. 

3. Do not rinse mouth at the 1st day. Starting in the second day, gently rinse for 

30 seconds every morning after breakfast, at bedtime with Chlorihexidine mouth 

rinse 0.2% for 10 days. During the daytime rinse with warm salty water every 3 

hours for 3 days with approximately 1 teaspoonful of salt dissolved in a cup of 

warm water.  

4. Do not eat for 2 hours after surgery (allow blood clotting not to be disturbed) 

then begin with clear liquids such as orange juice. Gradually upgrade the diet as 

tolerated. Always cool any hot foods or liquids during the first 24 hours. The 

patient should eat only soft food for the 1st postoperative week. Avoid any hard 

& chewy foods for 2 weeks. Avoid blowing & using straws for couple of weeks. 
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5. For all patients, the same regimen was prescribed (Cefixime 400 mg once   

daily and Metronidazole 500 mg one tab every 8 hours (both for 7 days), Panadol 

extra 500 mg 1-2 tabs on need, Nasophrin 2 drops in each nostril every 6 hours 

for 4 days & Clorhexidine gargling twice daily for 10 days). 

6. Some discomfort is normal after the operation. Panadol extra tab is 

administered as a pain killer. 

7. Begin brushing teeth on the day following surgery but gently close to the 

surgical area. It is important to brush all the teeth for proper healing that plaque 

and food are not allowed to collect near the surgical field.  

8. The patients instructed to attend for the follow up 14 days postoperatively for 

sutures removal & checkup. 

 

Statistical analysis 

The data analyzed using Statistical Package for Social Sciences (SPSS) 

version 25. The data presented as mean, standard deviation and ranges. 

Categorical data presented by frequencies and percentages.  

 



Chapter Three 

Results 
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Results 

 

The total number of patients in this study was 30 with 52 sites of sinus lift. 

The sample is divided into two groups according to the crestal sinus lift procedure 

assigned; Group A using hydraulic pressure (Osung) kit including 27 cases and 

Group B performed by Osteotome kit including 25 using sinus endoscopy as a 

diagnostic aid for the visualization of sinus membrane perforation for both 

groups. 

 

3.1. Sinus lift procedure  

The distribution of study patients by type of sinus lift procedure used is 

represented in table (3.1) and Fig. (3.1). In this study, 51.9% of cases (27) were 

managed by Osung procedure. 

 

Table 3.1: The distribution of study patients by type of sinus lift procedure. 

Sinus lift procedure No. (52) % 

Osung  27 51.9 

Osteotome  25 48.1 

 

 
Fig. (3.1): Distribution of study patients by type of sinus lift procedure. 
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3.2. Age and Gender   

The distribution of study patients by age and gender is displayed in table 

(3.2) and Fig. (3.2 & 3.3). The study patient’s age was ranging from 19-72 years 

with a mean of 46.68 years and standard deviation (SD) of ± 13.46 years. The 

highest proportion of patients was aged between 45-59 years (43.4%).  

Regarding gender, the proportion of females was higher than males (83.3% 

versus 16.7%) with a female to male ratio of 5:1. 

 

Table 3.2: The distribution of study patients by age and gender. 

Variable No. (03) % 

Age (years) 

≤ 29 4 13.3 

30 - 44 7 23.3 

45 - 59 10 43.4 

≥ 60 6 20.0 

Gender 

Male 5 16.7 

Female 25 83.3 

 

 
Fig. (3.2): Distribution of study patients by age. 
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Fig. (3.3): Distribution of study patients by gender. 

 

3.3. Preoperative CBCT examination 

3.3.1. SP degree 

Table (3.3) and Fig. (3.4) demonstrates the distribution of cases by SP 

degree. In this research, the highest proportion of patients showed SP1 degree 

(56.7%). 

 

Table 3.3: The distribution of study patients by SP degree. 

SP degree No. (30) % 

 

1 17 56.7 

2 11 36.7 

3 1 3.3 

4 1 3.3 
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Fig. (3.4): Distribution of study patients by SP degree. 

 

3.0.2. Subantral bone height  

Comparison in the mean of subantral bone height between patients 

managed by Osung SL procedure and those who were managed by Osteotome SL 

is advertised in table (3.4) and Fig. (3.5). In the current study, there was no 

statistical significant differences (P value= 0.72) in the means of subantral bone 

height between the two groups.  

 

Table 3.4: The comparison in the mean of subantral bone height between group A & B. 

SL Procedure (group) 
Subantral bone height 

Mean ± SD 
P-Value 

Osung (A) 4.77 ± 1.17 
0.72 

Osteotome (B) 4.49 ± .1 32 
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Fig. (3.5): Difference in mean the of subantral bone height between patients in group A 

and B. 

 

3.4. Tooth site No.: 

The distribution of cases by tooth site No. is shown in table (3.5) and Fig. 

(3.6).The researcher noticed that tooth site # 14 was the most dominant site 

managed in this study (40.4%). 

 

Table 3.5: The distribution of study patients by tooth site No. 

Tooth Site No. No. (52) % 

2 7 13.5 

3 7 13.5 

13 2 3.8 

14 21 40.4 

15 15 28.8 
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Fig. (3.6): Distribution of study patients by tooth site No. 

3.5. Dental implant dimensions 

The distribution of cases by dental implant dimensions is attested in table 

(3.6) and Fig. (3.7).In this study, dental implant (4110) was utilized in 32.7% of 

cases followed by (4810), as in table (3.6).  

 

Table 3.6: The distribution of cases by dental implant dimensions. 

Dental implant dimensions No. (52) % 

4110 17 32.7 

4112 5 9.6 

4810 16 30.8 

4812 14 26.9 
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Fig. (3.7): Distribution of cases by dental implant dimensions. 

 

3.6. Perforation of sinus membrane 

The comparison between SL procedures for both A & B groups according 

to perforation of sinus membrane observed is registered in table (3.7) and Fig. 

(3.8). In this research, perforation of sinus membrane observed with endoscopy 

of cases managed by Osung were only 3.7%, while occurred in 12% of cases 

managed by Osteotome SL, however, this difference was statistically not 

significant (P value= 0.22). 

Table 3.7: The comparison between SL procedures by perforation of sinus membrane. 

Perforation of sinus 

membrane 

SL Procedure 

Total 

52 (%) 
P- value 

Group A 

(Osung) 

27 

Group B 

(Osteotome) 

25 

yes 1 (3.7) 3 (12.0) 4 (7.7) 
0.22 

no 26 (96.3) 22 (88.0) 48 (92.3) 
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Fig. (3.8): The difference between SL procedures by perforation of sinus membrane. 

  

 Table (3.8) illustrates the association between perforation of sinus 

membrane as a complication and general characteristics of study patients. It has 

been noticed that there was no statistical significant association (P ≥ 0.05) 

between perforation of sinus membrane with both age and gender.  

Table 3.8: The association between perforation of sinus membrane and general 

characteristics. 

Variable 

Perforation of sinus membrane 
Total 

03  (%) 
P- Value Yes  

4 (%) 

No  

68 (%) 

Age (Years) 

≤ 29 0 (0) 4 (100.0) 4 (13.3) 

0.886 
30 - 44 1 (14.3) 6 (85.7) 7 (23.3) 

45 - 59 2 (15.4) 11 (84.6) 13 (43.4) 

≥ 60 1 (16.7) 5 (83.3) 6 (20.0) 

Gender 

Male 0 (0.0) 5 (100.0) 5 (16.7) 
0.486 

Female 4 (16.0) 21 (84.0) 25 (43.3) 
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Table (3.9) corroborates the association between perforation of sinus 

membrane and SP degree. There was no statistical significant association noticed 

(P value= 0.531) between perforation of sinus membrane and SP degree. 

 

Table 3.9: The association between perforation of sinus membrane and SP degree. 

SP degree 

Perforation of sinus membrane 
Total 

30 (%) 
P- Value Yes  

4 (%) 

No  

26 (%) 

1 1 (5.9) 16 (94.1) 17(56.7) 

0.101 
2 3 (27.3) 8 (72.7) 11 (36.7) 

3 0 (0.0) 1 (100.0) 1(3.3) 

4 0 (0.0) 1 (100.0) 1 (3.3) 

 

Table (3.10) demonstrates the association between perforation of the sinus 

membrane and tooth site number. There was no statistical significant association 

noticed (P value= 0.171) between them. 

Table 3.10: The association between perforation of sinus membrane and tooth site No. 

Tooth Site No. 

Perforation of sinus membrane 
Total 

52 (%) 
P- Value Yes  

4 (%) 

No  

48 (%) 

2 0 (0) 7 (100.0) 7 (13.5) 

0.161 

3 2 (28.6) 5 (71.4) 7 (13.5) 

13 0 (0.0) 2 (100.0) 2 (3.8) 

14 2 (9.5) 19 (90.5) 21 (40.4) 

15 0 (0) 15 (100.0) 15 (28.8) 

 

Table (3.11) displays the association between perforation of sinus 

membrane following SL and dental implant dimensions. There was no significant 

association (P value= 0.535) between perforation and dental implant dimensions. 
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Table 3.11: The association between perforation of sinus membrane and dental implant 

dimensions. 

Dental implant 

dimensions 

Perforation of sinus membrane 
Total 

52 (%) 
P- Value Yes  

4 (%) 

No  

48 (%) 

4110 1 (5.9) 16 (94.1) 17 (32.7) 

0.796 
4112 0 (0) 5 (100.0) 5 (9.6) 

4810 2 (12.5) 14 (87.5) 16 (33.8) 

4812 1 (7.1) 13 (92.9) 14 (26.9) 

 

Table (3.12) express the comparison in mean of subantral bone height 

between cases with perforated sinus membrane and those with intact one. The 

mean of subantral bone height in cases with perforated sinus membrane was 

lower than that associated with intact membrane, however, this difference was 

statistically not significant (3.62 versus 5.075 mm, with P value= 0.248). 

 

Table 3.12: The comparison in mean of subantral bone height between cases with 

perforated sinus membrane and those with intact one. 

Perforation 
Subantral bone height 

Mean ± SD (mm) 
P - Value 

Perforated sinus membrane 3.62 ± 1.15 
0.248 

Intact sinus membrane 5.075 ± 1.22 

 

Table (3.13) make obvious the comparison in mean of membrane thickness 

between cases with perforated sinus membrane and those with intact membrane. 

The mean of membrane thickness in the 1st category was higher than that in the 

2nd one, however, this difference was statistically not significant (0.97 versus 0.69 

mm, with P value= 0.516). 
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Table 3.13: The comparison in mean of membrane thickness between cases with 

perforated sinus membrane and those with intact membrane. 

Perforation 
Membrane thickness 

Mean ± SD (mm) 
P - Value 

Perforated sinus membrane 0.97 ± 0.74 
0.516 

Intact sinus membrane 0.69 ± 0.71 
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Discussion 

 

Transalveolar osteotome technique has been documented to be a 

predictable treatment option to develop adequate bone height for dental implant 

placement in atrophied posterior maxilla. However, other techniques were 

developed to improve surgical outcome by avoiding common complications 

associated with conventional sinus lifting approach. Thus, this study was aimed 

to evaluate the efficacy of using hydraulic pressure in transalveolar sinus lift with 

the use of soung kit compared to beaten osteotome technique utilizing sinus 

endoscopy. The latter aids in turning this usual technique from invisible approach 

to visibility, thereby assessing the presence of maxillary sinus membrane 

perforation, this study is randomly organized by envelops method.  

 

4.1. Sinus lift procedure: 

In this research, the distribution of study patients by type of sinus lift 

procedure utilized, 51.9% (27 sites) were managed by Osung procedure and 

48.1% (25 sites) were managed by the standard Osteotome technique.  

Bensaha, 2011 in his study, reported that 50 sinus membrane lifting 

procedures were performed; 25 lateral and 25 crestal, single stage procedure was 

used for all cases and 64 implants were placed. The residual crest bone under 

sinus floor assessed by tomography was at least 1.2 mm (mean 3.9 - 1.2 mm) in 

the sinus infiltration technique group. 

It is well known that the Osteotome crestal SL is less invasive than the 

lateral approach but require a highly experienced surgeon to deal with the 

application of gradual controlled firm tapping with right forces applied, in 

addition it is a blind procedure request high tactile sensation. It need also a 

cooperative patient to tolerate this process with the absence of any history or 
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evidence of vertigo. This technique require another kit for initial drilling 

procedure preceding osteotome tapping. 

On the other hand, regarding Osung technique: 

It has been noticed by the researcher that the procedure even is less invasive 

than osteotome SL with the use of intelligent drills. The kit is quite easy to be 

used with sequential drilling procedure and large No. of stoppers with the final 

drill being quite safe in which the drilling procedure is concentrated on the 

peripheries (sides) of the implant bed (socket hole) with it’s flat top surface 

allowing  fracture and elevation of the sinus floor with obvious safety. 

One important point to note, is that the operator worked according to the 

kit instructions in the first case with the use of depth gauge to check for 

completion of sinus floor elevation, however, the case of perforation occurred in 

the 1st case with the use of Osung SL, this can be explained by 2 possibilities: 

1. Imperfect use of the flexible (compressible) depth gauge. 

2. The use of the final drill (Cannon drill ᴓ 3.2 mm) with 2 mm difference from 

the previous drill (Cannon drill ᴓ 2.8 mm) which may induce this complication. 

As a result of that, the operator decided to use the stoppers gradually for every 1 

mm, and hence no perforation occurred in the remaining 14 cases with the use of 

hard depth gauge rather than and flexible one. 

For sinus membrane hydraulic elevation it was better with the use of aqua 

taps with Osung kit since it can reach as near as possible to the membrane to 

ensure adequate elevation (owing to the presence of 3 holes in the apical end of 

the aqua tap) with the use of OCA- syringe, and this is supported by; 

 Chen & Cha, 2005 who stated that the elevation of the Schneiderian 

membrane using the water infiltration system can be explained by Pascal’s 

principle, which states ‘a change in the pressure of an enclosed incompressible 

fluid is conveyed undiminished to every part of the fluid and to the surfaces of its 

container’, the use of an equal liquid pressure in every point of the Schneiderian 
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membrane can reduce the stress applied to the membrane’s surface which results 

in less risk of perforation. The sinus infiltration technique described differs from 

other reported techniques that are based on fluid injection (hydrodissection), the 

force is applied to only one part of the Schneiderian membrane. Therefore, the 

even distribution of tension is not possible, and premature rupture or bursting of 

the Schneiderian membrane may occur. The use of a fluid jet causes pressure 

peaks at those sites where the jet impacts the Schneiderian membrane. 

  The present author’s opinion that the sinus membrane can be elevated 

safely through the crestal approach with a minimal bone height averaging 3 mm 

with simultaneous DI placement, hydraulic Schneiderian membrane elevation 

shows a high rate of surgical success, with very low frequency of complications, 

and high implant survival rate and patient satisfaction. The height of membrane 

elevation may be superior to that obtained with osteotome-mediated techniques 

(Chan et al., 2013).  

Guillot et al., 2007  advocated that the most challenging part of sinus 

lifting procedures is the separation of the Schneiderian membrane from the 

internal surface of the maxillary bone, the confined flow of the liquid provides 

stability for the infiltration jet with equal pressure in every point of the sinus 

membrane reducing the risk of rupture. 
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4.2. Age and gender: 

In the present research, study patient’s age was ranging from 19-72 years 

with a mean of 46.86 years and SD of ±13.46 years. The female to male ratio was 

5:1. There was no significant association with age (P=0.867) and gender 

(P=0.462). 

The peak age group was 45-59, (43.4%), this is quite ordinary because this 

is the peak age for teeth loss which need for DI placement (treatment), followed 

by 30-44 (7%), these two age groups represented early teeth loss in this country 

due to the absence of preventive care by medical institutes with low education 

level in the society.  

Hussein & Hassan, 2017 in their study, found that the patients aged from 

20-65 years with a mean age of 47.4 years, the highest percentage was reported 

in the sixth decade of life and the lowest in the third and fourth decades, 50-59 

(36.4%). 

Lateef & Asmael, 2016 the age distribution in their study was ranged from 

28-55 years. The highest percentage of patients enrolled in this study was in the 

age group 50-59 years (46.15%), accordingly the current study was so close to 

the previous studies in contribution to the mean age. 

Regarding gender, proportion of females was higher than males (83.3% 

versus 16.7%) with a ratio of 5:1, this may be mainly belonged to that females 

are keener about their oral hygiene and teeth replacement for the sake of esthetic 

and functional purposes.   
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4.3. Preoperative CBCT examination: 

4.3.1. SP degree: 

In the current study, mild expansion (SP1) was found in 17 (56.7%) out of 

30 sinuses and a percentage of (3.3%) seen for each of SP3 and SP4, there were 

no significant association between perforation of sinus membrane and SP existed, 

(P=0.531). 

The degree of SP is important to have an idea about the size and extent of 

the sinus with the amount required for non-autogenous bone graft material. 

Tolstunov et al., 2012 in a radiographic anatomic study established that 

most of sinuses with mild or moderate expansion and there was a direct relation 

between age and sinus expansion. 

Sharan & Madjar, 2008 reported that the loss of maxillary posterior teeth 

results in alveolar bone resorption as well as maxillary SP. The loss of two 

adjacent upper posterior teeth or loss of upper 2nd molar were found to be 

associated with greater degree of pneumatization, also inferior direction of SP 

occurs after extraction and its degree increased with increasing number of missing 

posterior teeth. 

 

4.3.2. Subantral bone height  

The mean of subantral bone height was 3.62 ± 1.15 mm for cases with 

perforated sinus membrane when compared with intact membrane 5.075 ± 1.22 

mm, however this difference was statistically not significant (P=0.248). 

Also there was no statistical significance (P=0.72) between cases managed 

by osung (4.77 ± 1.17 mm) or by osteotome (4.89 ± 1.32 mm) techniques 

regarding SAD. 

     In the present study, sinus membrane perforation was observed in 4 cases: 
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3 of them occurred with Osteotome group with the respective SAD (3 mm, 

3.5 mm, and 3 mm), while only 1 was encountered in Osung group with SAD of 

5 mm.  

Ardekian et al., 2006 found that the perforation rate of sinus membranes 

with a residual ridge of 3 mm to be 85%, whereas residual ridges of 6 mm had a 

perforation rate of only 25%, and this went with the present study. 

However, according to the personal operator experience, generally, 

perforation noticed out of this study with osteotome technique being more with 

the longer subantral distances.  

 

4.4. Dental implant dimensions: 

All dental implants introduced following SL related to one system 

(NucleOss, Turkey) with S.L.A surface (Sand blasted, large grit, acid etched).  

The most widely diameter used in the present study was 4.8 mm (57.7%) 

in 30 DI, while 22 DI with 4.1 mm, (42.3%) utilized via crestal sinus lift to obtain 

better primary stability, usually with under drilling size technique utilized to gain 

adequate implant stability so 4.8 mm was the dominant one. 

 Regarding the length, 23 DI with 10 mm & 19 DI with 12 mm utilized.     

As usual in SL surgery 10 mm & 12 mm are more common to be inserted. Shorter 

implants less than 10 mm greatly influence the long-term success, while DI longer 

than 12 mm may increase the possibility of SM perforation. 

A wider diameter DI should be chosen for molar sites. The minimum length 

for predictable DI success is 10 mm or what’s called the “standard implant 

length”. 

In clinical studies of sinus lift nearly comparable DI dimensions (length & 

radius) were employed by (Hu et al., 2009; Bensaha & Mjabber, 2016; Lateef 

& Asmael, 2016) to the present study. 
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Lemos et al., 2016 reported that standard implants (i.e. longer than 8 mm) 

provides more contact area and thus osseointegration therefore associated with 

higher success rate than shorter implants. This explains the greater amount of 

gained bone when implant inserted immediately with sinus lift procedure was 

more than when delayed placement was performed.  

It is well known that posterior maxilla is subjected to higher stress so that 

wider implant diameter is used to decrease this mechanical stress (Morand & 

Irinakis, 2007; Goiato et al., 2014).  

In the present study, there was no significant association (P= 0.796) 

between perforation of sinus membrane in SL procedure and DI dimensions. 

 

4.5. Perforation of sinus membrane: 

Pikos, 2008 stated that Schneiderian membrane perforation has been 

reported as the most common complication of sinus lift augmentation, with a 

prevalence from 10-55%, also Zheng et al., 2014 said that perforation is the most 

common intraoperative complication and it has been registered in (7-35%) of 

sinus lift. This has been associated with postoperative complications such as, 

infection, nasal bleeding, and even failure of implants. 

In the present study, perforation of sinus membrane observed in 12% of 

cases managed by Osteotome procedure, while it occurred in 3.7% of those dealt 

with Osung SL. The total percentage was 7.7 %, however, this difference was 

statistically not significant (P=0.22), this may be attributed to that the whole 

procedures were performed by an expert surgeon who had performed about 200 

SL surgeries. 

In regards to the relation between perforation and procedures used: 

1. Osteotome technique was more invasive, requiring high skill demands and 

tactile sensation. Osung technique was less invasive and the requirement for 

the skill demands was not so important, the skill and tactile sensation was of a 
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little importance since the intelligent drills and the stoppers made this 

technique easier.  

2. For Osteotome technique, Dentium Kit was used with even lengths of 8, 10, 

12, and 14, while in Osung kit for every 1 mm stoppers was available, so the 

later was more precise and by this way the likelihood of SM perforation being 

logically less.  

There was no significance regarding the relationships between the 

perforation and other variables age, gender, tooth site #, SP, DI dimensions, SAD, 

and sinus membrane thickness. The rate of membrane perforation in this review 

was (7.7%), no significant association between membrane integrity and gender 

(P≥0.05) or sinus laterality (SP) existed (P=0.531.), also there was no statistical 

significant association noticed (P= 0.171) between perforation of sinus membrane 

and tooth site, disagreeing with the Nolan et al., 2014 reported in their study a 

higher rate of membrane perforation was 41.8%. 

  Several reported studies had shown that the thinner the sinus membrane, 

the higher the risk of perforation (Van Den Bergh et al., 2000; Ardekian et al., 

2006), however, others, registered a significant correlation between perforation 

and sinus membrane <1 mm thick (Yilmaz & Tözüm, 2012). 

 

4.8. The role of endoscopy: 

The number of sinus lifts done world-wide is on the increase, so there is a 

need for less invasive techniques to optimize the late results of implants in the 

posterior maxillary area (Zheng et al, 2014). 

The use of an endoscope helps the sinus lift to overcome the shortcomings 

of the blind technique and achieve a safe and effective procedure, (Pedroletti et 

al., 2010; Nahlieli et al., 2011). The number of reports on the application of 

endoscopy in dental implantology has been minimal (Wiltfang et al., 2000). 
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Nahlieli et al., 2011 claimed that currently diverse endoscopic applications 

remain a specialized technique practiced by a minority of surgeons in few 

specialized centers. At the same time, these publications had reported that 

endoscopic assistance resulted in minimal invasive surgery, low intraoperative 

trauma, good implant stability upon placement, few postoperative symptoms, and 

high success rates after years of loading. Nevertheless, the need for intensive 

training might be considered a disadvantage. 

The endoscopic examination in this study revealed intact membranes in 

92.3% of cases with only 4 (7.7%) sinus membrane perforations. Pictures and 

videos for all the cases were obtained and membrane mobility and status were 

examined clearly in each case. 

 These figures represented the lowest when compared with the reported 

literature by Pikos, 2008 (10-55%) and Zheng et al, 2014 (7-35%). 

This was in spite of that the later studies didn’t utilized endoscopy for 

registration of the complication that is it may be even more with the use of such 

precise diagnostic tool. 

In the present study the researcher introduced a minimally invasive 

technique for sinus lift with the assistance of an endoscope, the 2.8 mm diameter 

endoscopic camera has a blunt apical end with illumination allows it’s use in a 

site prepared with only ᴓ 3.2 mm cannon drill with direct visualization 

intraoperatively of the implant bed and sinus membrane. This facilitated the 

identification of membrane microstructure (vasculature) and clear visualization 

of SM perforation, as in Fig. (4.1 & 4.2) respectively. 
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Fig. (4.1): Endoscopy illustrating the microstructure of the sinus membrane. 

 

 

Fig. (4.2): Perforated sinus membrane clearly visualized with the aid of endoscope. 
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In fact, the researcher utilized endoscopy for direct visualization of the 

sinus membrane patency for all cases following SL achieved by osung & 

osteotome kit. 

The main advantage is that it was introduced through the same surgical 

field with no need for another approach through the nasal cavity as reported in 

the literature previously being less invasive, quick and flexible. On the other 

hand, the endoscope was not usually applied as such in certain cases when SAD 

being usually less than 5 mm, in which conditions visualization was feasible as a 

parascope rather than an endoscope that was placed at the edges of the implant 

bed rather than inside, this relied on the device instructions that indicated a 

reasonable distance from the object (10 mm), although the researcher illustrated 

less distance in order to have a clear image. 

*Certain points were important to be mentioned regarding clear vision of the 

sinus membrane: 

1. Adequate dryness of the implant bed from blood clot and fluids that may 

obscure the image with the aid of cotton buds or sticks is vital. 

2. The eyepiece (lens) of the endoscope should be cleaned well before 

application. 

3. The procedure required 2 operators in order to gain the desired results.  

4. An invaluable sign for the patency of the sinus membrane, was to ask the 

patient taking a deep inspiration during examination which would clarify the 

presence or absence of any silent perforation since in certain situations 

perforation may be not evident at rest position as this was noticed in a case of 

perforation that induced with the use of Osung SL procedure, as in Fig. (4.3).  



 
 

87 

CHAPTER FOUR DISCUSSION 

 

Fig. (4.3): No evidence of sinus membrane perforation at rest position. 

 

This is supported by Nahlieli et al., 2013 when reported the role of 

endoscopy regarding the membrane mobility as seen via the eyepiece of the 

endoscope is a sign of its health and can serve as an indicator of the probable 

difficulty or ease of a closed endoscopic procedure. 

Finally, an important note to be taken in consideration is that the endoscope 

was quite helpful for the management for the presence of any perforation which 

can clearly facilitate adequate application of the barrier membrane beneath the 

area of perforated membrane since all cases of perforations occurred in this study 

were small in size owing the size of the final drills used by Osung (Cannon drill 

ᴓ 3.2 mm) and Osteotome (ᴓ 3.8 mm), as in Fig. (4.4). 
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Fig. (4.4): (A) A proper application of collagen barrier membrane beneath the sinus 

membrane (B) The non-autogenous bone graft material can be clearly illustrated with 

the use of endoscope. 

 

This is supported by Zheng et al., 2014, they stated that, in conclusion, the 

endoscopic approach is safer and more effective because it allows the operation 

to be done under direct vision and the endoscope that had been used accurately 

A   

B 
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identified all microstructures and facilitated simplified dental implantation 

procedure. The endoscope should be considered not only for intraoperative 

observation and assessment of bone density, but also for active assistance during 

the procedures of implantation. 

 

4.7. Sinus membrane thickness: 

Sinus mucosa thickness in this study varied between (0.1-5 mm), with a 

mean value of (0.69 ± 0.71 mm) for intact membrane cases and a mean of (0.97 

± 0.74 mm) for perforated sinus membranes.  

Makary et al., 2016 enrolled in his study patients with sinus mucosa 

thickness between 0.1 mm up to 3.6 mm with mean value of 0.7 mm and only 

those patients who were suitable for sinus surgery with no evident sinus 

pathologies; therefore, preoperative sinus membrane thickness measurements 

were probably lower than those described in other studies. Moreover, many 

factors may influence sinus membrane thickness, such as gender, climate, 

smoking habits, allergies, and seasonal changes. 

In the current study, membrane thickness was within the normal values due 

to the absence of any evidence of sinusitis and other sinus pathologies which were 

already excluded from the research.  

The Schneiderian membrane has a normal thickness of approximately 0.8 

mm, however, others reported figures reached up to 6 mm (Pandit & chopra, 

2016). 

In the literature, it has been reported that the perforation was less with 

increased membrane thickening and this was logical; however, in this research 

perforation occurred with thicker membranes even through the figures were 

statistically non-significant disagreeing with Rapani et al., 2016 whom clarified 

that looking at the thickness of the membrane according to the operation done, 

and according to the number of perforations during each procedure with the aim 

of indicating whether either of them was associated with less risk of perforation. 
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Thickness of the membrane between 0-2 mm may be an important factor in 

perforation of the Schneiderian membrane, regardless of the augmentation 

procedure used. They also illustrated that the difference in percentage of sinus 

perforation between the techniques utilized could be attributed to differences in 

the thickness of sinus membrane. The authors classified the membrane thickness 

into the following types: Type I the membrane is too thin to record the thickness, 

in Type II the thickness is less than 2 mm, in Type III it is between 3 and 4 mm, 

and in Type IV it is more than 4 mm.   

There was no statistical significance (P=0.516) in the mean of membrane 

thickness between cases with perforated sinus membrane and those with intact 

ones, but it was higher in cases of perforation than in cases with intact 

membranes. 

Finally in general, results from present study showed that sinus lifting 

procedure using hydraulic pressure yielded dissimilar outcome to that of 

conventional technique. This was indicated by low incidence of sinus perforation 

with the use of Osung kit which was lower than the Osteotome procedure. 

Although this difference was not statistically significant; nevertheless, this may 

be attributed to the small sample size in the study. Furthermore, Osung procedure 

is less invasive, and easier to perform which could be practiced even by novice 

surgeons as it does not need high skill level as compared to Osteotome technique. 

In addition, Osteotome technique is more stressful psychologically to the patient 

as it requires hammering which may cause vertigo and other undesirable 

emotional experience. All these factors may favor the use of hydraulic sinus 

lifting as a successful alternative technique to other methods commonly used. 
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Limitations of the study: 

1. Small sample size, gave inflated results regarding the actuality of the Osung 

kit usefulness. 

2. No previous studies related to this research in the country. 

3. Little is written in the literature about endoscopic sinus lift surgery (modular 

implant surgery). 

4. Little or no is written in the literature about the Osung kit concept in SL 

procedure. 



 

 

 

Chapter Five 

Conclusion and Suggestion 
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Conclusions and Suggestions 

 

Conclusions: 

1. The use of endoscope is simple, easy, and quick for direct visualization of the 

Schneider membrane.  

2. The results from this study demonstrated that maxillary sinus floor elevation 

using Osung water lift system kit via the crestal approach is a predictable 

procedure with a low perforation rate as compared with Osteotome technique. 

3. The endoscope facilitated proper application of barrier membrane and non-

autogenous bone graft material. 

4. The study demonstrated the lowest percentage of sinus membrane perforation 

in regards with previous studies in the literature. 

5. The endoscope was not usually utilized as such since in certain situations it 

should be used as a parascope in order to gain the optimal result. 

6. Deep inspiration was of prime importance for detection of silent sinus 

membrane perforations. 
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Suggestions:  

1. A study with a lager sample confirming the relationship between the incidence 

of sinus membrane perforation and the subantral distance and sinus membrane 

thickness.  

2. Measuring the difference in time consumed between the two procedures 

osteotome and osung. 

3. Another comparative study using piezosurgery versus other methods for 

transcrestal sinus floor elevation surgery illustrating the difference in 

membrane perforation incidence with the aid of endoscope.  

4. Endoscopic consideration regarding intraoperative observation and assessment 

of bone density for active assistance during the procedures of implantation. 

5. A more sophisticated study regarding the relation between sinus membrane 

thicknesses and the incidence of perforation. 
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Appendix (I) 

 

Case sheet (Sinus lift):        Date: 

Patient's Name: 

Age: Gender:                   Address: 

Occupation:       Telephone #: 

 

Medical History: ____________________________________________________________ 

___________________________________________________________________________ 

 

Dental History: _____________________________________________________________  

 

Clinical Examination: 

Oral Hygiene: ______________________ Periodontal Condition: ______________________ 

Tooth (teeth) to be replaced: __________________ No. of DI Placed: 

___________________ 

Placement protocol:___________________________________________________________ 

Width of the Alveolar bone: ______ Inter-ridge Distance: _______ Intercoronal Distance: 

________ 

Side of sinus lift: Right      Left     

Preoperative CBCT examination: 

■ SP Degree  

■ Subantral bone height  

■ Buccopalatal dimensions  

Surgical Approach: (SL) 

Type of SL elevation:        Osung hydraulic pressure kit                          Osteotome kit 

Site of DI (Tooth site #)  

Endoscopic findings:        Intact membrane                        Perforated membrane    

DI system: ____________________________ 

Dental implant dimensions 

 

Amount of bone substitute in (cc) filling the elevated area: _________________________ 

Barrier membrane dimensions: _____________________________________ 



 
 

 

 APPENDICES 

 

Intraoperative Complications 

Sinus membrane perforation: _________ Nasal bleeding: __________ others: ___________ 

1st Postoperative Appointment (after 14 days)  

Postoperative Complications 

Purulent exudate: _______ Nasal obstruction &/or congestion: _______ Headache: ________ 

Postoperative hematoma: ___________ others: ______________ 
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Appendix (II) 

Dental Implant Case Sheet 

College of Dentistry – Baghdad University 

Department of Oral & Maxillofacial Surgery- Dental Implantology 

Name: 

Age: 

Gender: 

Occupation: 

Telephone No. 

Address: 

General Health: BHP    1     2     3 

Patient Interrogation: Obsessional neurosis    -    Availability 

Esthetic demands: (realistic      -    high      -       unrealistic) 

Etiology of Eduntulism: caries - trauma -periodontal disease- occlusal trauma 

Extraoral Exam: Smile line → dental   - gingival 

Intraoral Exam: 

Missing teeth to be replaced by DI: 

Hygiene: good -   moderate   - poor 

Pathology: no -   yes 

Depth of vestibule: good   - moderate - poor 

Alveolar crest width: wide -   sharp 

Vestibular concavity: no   - yes 

Jaw opening: 3 fingers -   2 fingers   - 1 finger 

Interarch distance at maximal opening:       mm 

Mesiodistal distance:        mm 

Height between alveolar crest and opposing teeth or ridge:       mm 

Vertical bone resorption: no   - yes 

Gingiva: thick & fibrous   - fine 

Papillae of adjacent teeth: flat   -    scalloped 

Periodontal evaluation: gingivitis - treated periodontitis - active periodontitis 

Functional evaluation: bruxism - parafunction - no 

Radiographic Exam: OPG -   CT   - Periapical -   Others 

Chronic lesions: close to implant zone   - distant from implant zone 

Bone density: D1 (type I) -   D2 (II) - D3 (III) - D4 (IV) 

Vertical bone resorption: no - yes 

Study models surgical template 

Surgical (operative) data: 

Treatment protocol → I (delayed) -  II (intermediate) -  III (immediate) 

Jaw operated upon → maxilla - mandible 

DI system:                                     No of DI 

DI dimensions: 

Surgical approach → 
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Level of DI in relation to crest: 

Bone expansion:                                         bone condensation: 

GBR→                          barrier membrane                                        space filler 

Bone grafting: 

Sinus Lift: 

Surgical notes: 

………………………………………………………………………………………………… 

Length of healing phase: 

2nd stage surgery: 

Uncoverage → tissue punch scalpel others 

Gingival former dimensions→ 

Follow-up and maintenance: 

Complications: 
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Appendix (III) 

 

 العلمي البحث في للاشتراك موافقة المريض

 :الباحث اسم

 :البحث عنوان

 :البحث اجراء مكان

 ___________________________ في ىسیجر سریري علمي ببحث للمشاركة  )ة(ومدع انت

 )ین(ترید كنت اذا) ي(تقرر أن قبل بتأن التالیة المعلومات لقراءة الكافي الوقت تأخذ)ي( ان الرجاء

 عن أو الاستمارة في مذكور شيء أي عن اضافیة معلومات أو إیضاحات طلب بإمكانك .لا أم المشاركة

 ن.الكتما طي اسمك سیبقىدراسة, ال ھذه في المشاركة على وافقت حال في .طبیبك من ككل الدراسة ھذه

 المسؤول الطبیب باستثناء الطبي ملفك على الاطلاع حق ذلك على القانون ینص مالم ,شخص لأي یكون لن

 .همعاونی وا الدراسة عن

 :المشترك موافقة

 حر يفأننه علی اوبناء جمیعھا أسئلتي على الاجابة تمت .مضمونھا وفھمت ھذه القبول استمارة قرأت لقد

 الباحث ان أعلم واني هفی الاشتراك على أوافق و البحث ھذا اجراء أجیز, مختار

 مستعدین سیكونون همساعدی او ومعاونیه وزملاءه __________________________الدكتور

 شعرت واذا ________________ الھاتف على بھم الاتصال باستطاعتي وأنه أسئلتي نع للإجابة

 أعرف كما ,الأخلاقیات لجنة اعضاء بأحد أتصل فسوف الإیضاح من مزید الى تحتاج الأجوبة ان لاحقا

 یؤثر ان دون الموافقة على التوقیع بعد حتى شئت متى البحث ھذا من الانسحاب في حر بانني المعرفة تمام

 .لي المقدمة الطبیة العنایة على ذلك

 :المشترك اسم

 :المشترك توقيع
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Appendix (IV) 

 

Participation approval in a clinical study 

Name of researcher 

Location of the surgical procedure 

Mr. / Ms. ___________________ you are requested to participate in a 

clinical research in the College of Dentistry/University of 

Baghdad/Dental Implantology Unit. You have the right to accept or 

refuse the involvement in the current study after reading the details of 

the procedure that will be explained by the researcher. 

Any information mentioned in your file will be classified as no one 

have the authority to see it unless authorized by the law. 

Signing the consent: 

I’m Mr. / Ms. _____________ signed this consent after readings all 

the details related to the surgical procedure and the possible 

postoperative complications after every vague been clarified by the 

researcher and I signed in full freedom and consciousness. 

Name and signature of the participant 

 

  



 
 

 

 APPENDICES 

Appendix (V) 

 

 



 

 

 الخلاصة

 عمودیا مما  أفقیا و ناقصالمتبقي الم العظلفك العلوي بقصورل الجھة الخلفیة تأثَّر إعادة تأھیلت: الخلفية

طویرھا و تم ت فكیةرفع الجیوب الان عملیات  .الزرعة السنیةعلى استقرار  وبصورة اساسیة یؤثر سلباً

 قة القشریةلطریااستخدام عادة یتم  بالنسبة لرفع الغشاء الجیبي الفكيتطبیقھا على نطاق واسع في العیادات ،

الجانبیة، ھي الاكثر بالمقارنة مع  الطریقة القشریة ت. كانالمتبقياعتمادًا على ارتفاع العظم  الجانبیةأو

 ھرمومع ذلك  فإن أسلوب ال شیوعا واستخداما بین الاطباء وذلك بسبب مزایاھا العدیدة التي لفتت الانظار

إلى  بشكل كبیر على مھارة الطبیب ، وتؤدي القشریةتقنیة الله عدة عیوب ، حیث تعتمد  )الطریقة القشریة(

الجیبي. وقد تم تطویر العدید من العملیات الجراحیة  رفع الغشائيمضاعفات مثل الصداع والدوار بعد إجراء 

ذه الإجراءات . من بین ھالقشریة  لرفع غشاء شنایدر الجیبيتقنیة الوالأجھزة للتغلب على أوجه القصور في 

 انخفاضوغشاء الجیوب الأنفیة  لرفعة الجراحیة، أثبتت الأجھزة التي تستخدم الضغط الھیدرولیكي والأجھز

 اعلى أنھ اقد تم تعریفھ الطریقة القشریة وكذلك سھولة التطبیق. نظرًا لأن الجیبي غشاء الل الانثقابخطر 

ضوح ، وكان الأطباء غشاء الجیوب الأنفیة بو وجود ثقبنھج أعمى لا یمكن من خلاله التعرف على 

ف على ما إذا كان الغشاء مثق )النفخ من خلال الانف المسدود( یعتمدون على اختبار فالسالفا أو  باوللتعرُّ

الأسنان الحدیثة في جمیع  ةسلیماً ، وبالتالي فإن الجراحة بالمنظار غیرت فلسفة وممارسة جراحة زرع

عبر  لعملر وایعلى أساس القدرة على التصو قدمةعدیدة مت اتجراح الجوانب ، فإنه یؤدي إلى إجراء

واضحة في مجال العملیات الجراحیة فتحت عالما جدیدا تماما من ال المقدرة على الرؤیةالقنوات الصغیرة ، 

 الطریقة القشریة المعدومة الرؤیة.التغلب على أوجه القصور في  أدى الى  ذلكوالاستكشاف ،

  :الأهداف

 .جھاز أوسونك للجیوب الفكیةلتقییم فعالیة رفع الجیوب الأنفیة الھیدرولیكیة مع استخدام  .1

 .لمنظارالجیب الفكي مع استخدام ا شنایدر في غشاء في ثقبالتقییم وجود  .2

  طرق العمل:المواد و

، في  2314 الاولكانون إلى  2317كانون الاول  السریریة من حتمالیةتم تنظیم ھذه الدراسة العشوائیة الا

مریضا  33 ىلا ,(مرحلة واحدةلجیوب الأنفیة )عملیة جراحیة على لعملیة زرع  52نفس الوقت تم إجراء 

)أ(  ( مقسّمة إلى مجموعتین: المجموعة72-11سنة )المدى:  46.46عمر أنثى مع متوسط  25ذكور و  5

 نیة الاوستیوتوم, كلا المجموعتین تمت)الاوسونك( تقنیة الرفع بلضغك الھیدرولیكي, و مجموعة )ب( تق

  باستخدام الطریقة القشریة.



 

 

تم اجراء فحص,بالنسبة لكل مریض, ما قبل الجراحة بأستخدام التصویر المقطعي كتقییم  في ھذه الدراسة

أولي لارتفاع العظم المتبقي, واستخدام التصویر المقطعي المحوسب المخروطي للتخطیط الدقیق لمسافة 

 متبقي.العظم ال

اسناد عظم بیستخدم المنظار الداخلي أثناء العملیة في كل حالة لتقییم وجود ثقب الغشاء الشنیدري ، متبوعًا  

الجیب باستخدام مادة العظم الصناعیة )اوستیون( بالاضافة الى الغشاء الكولاجیني, الاختبارات المستخدمة 

 احصائیا كانت اختبارات ت )ثنائي الذیلان(.

 :النتائج

حالة( باستخدام عدة الرفع )الاوسونك(, في حین تم اجراء     27حالة لرفع الجیوب الانفیة ) ٪ 51.1تم انجاز

 حالة( باستخدام تقنیة الاوستیوتوم وكلا المجموعتین تمت باستخدام الطریقة القشریة.  25) % 44.1

ملم ,بینما كان متوسط  4.77 ±1.17كان متوسط ارتفاع العظم الافقي لمرضى المجموعة أ )الاوسونك(  

ملم , ولم یكن ھناك فرق    4.41± 1.32ارتفاع العظم الافقي بالنسبة لمرضى المجموعة ب )الاوستیوتوم( 

 احصائي بینھما.

( فیما یتعلق بسماكة غشاء شنایدر بین الحالات التي سجلت ثقبا 3.516كما لم یكن ھناك فرق أحصائي )

 ملم. 3.74±3.17بین الحالات الي لم تسجل ملم  ,و 3.71±3.61في الغشاء 

في الحالات التي اجریت باستخدام الاوستیوتوم,  %12كانت نسبة حدوث الثقب في غشاء الجیب الفكي 

فقط في الحالات التي اجریت باستخدام عدة الرفع )الاوسونك(,ولكن احصائیا لم یشكل  %3.7بینما كانت 

 فرقا.   

  :ستنتا الا

ر المباشر لغشاء شنایدر ، أظھرت نتائج ھذه الدراسة أن یالمنظار بسیط وسھل وسریع للتصواستخدام 

قشریة )الاوسونك( عبر الطریقة ال ارتفاع سقف الجیوب الأنفیة العلویة باستخدام مجموعة نظام الرفع بالماء

وھي اجراء یمكن التنبؤ بنتائجه مع معدل انخفاض كبیرفي ثقب غشاء شنایدر للجیب الفكي مقارنة مع تقنیة 

  )الاوستیوتوم(.

  



 

 

  جمهورية العراق

 وزارة التعليم العالي والبحث العلمي

  جامعة بغداد

 كلية طب الأسنان

 

 

ة فكيلرفع الجيوب الفعالية الضغط الهيدروليكي 

 طريقة القشريةمقارنة مع الاوستيوتوم من خلال ال

 بأستخدام المنظار

 )دراسة عشوائية سريرية(
 

 

 متطلبات من كجزء بغداد جامعة في الاسنان طب كلیة مجلس الى مقدمة رسالة

 والفكین هوالوج الفم جراحة في الماجستیر شھادة نیل

 

 

 قبل من قدمت

   أسيل حامد مدب

 والأسنان الفم وجراحة طب بكالوریوس

 

 اشراف

 د. ثائر عبد اللطيف حسن .أ

 بكالوریوس طب وجراحة الفم والاسنان

 دبلوم عالي جراحة الفم والوجه والفكین

 بورد جراحة الوجه والفكین
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