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ABSTRACT 

The purpose of the present study was to evaluate the results of the maxillary 

sinus membrane elevation technique and simultaneous implant placement 

without using any graft material clinically and radiographically. Fifteen patients 

with maxillary resorbed ridges received 27 implants protruding into 18 sinuses 

either via lateral osteotomy window (n-20) or via crestal osteotomy (n-7). The 

age of the patients were ranged from 28-66 years with a mean of 44.4 years old. 

All the patients were healthy, with no history of systemic disease that affects the 

osseointegration of the implants .a Cone Beam Computed Tomography (CBCT) 

scan was taken immediately post-operatively to assess the clot formation and to 

measure the anchoring residual bone height all around the implants (i.e. 

mesiodistally and buccopalatally), and after 6months healing period another 

CBCT was taken to assess the new bone formation. The mean (±SD) residual 

bone height was 4.96±1.64mm preoperatively. The overall follow up was 12 

months, 6months for healing and 6 months following the loading of implants. 

 All the implants (except one) survived till the end of the follow-up period 

giving a survival rate of 96.3%. Cone beam computed tomography scan 

demonstrated an average of 3.11± 1.7 mm of intra-sinus new bone formation 6-

months after surgery, the highest bone gain was 9.3mm and the lowest was 

0.425 mm.  

There was Positive Moderate statistical significant correlation between the 

implant protrusion length and the amount of bone gain (r = 0.406; p=0.036). 

The present study demonstrated that sinus membrane elevation and 

simultaneous implants placement without adding grafting materials led to new 

bone formation beyond the original limits of the sinus floor over a period of 6 

months. This technique has the advantages of reducing the risks for morbidity 

related to harvesting of bone grafts and eliminates the cost of grafting materials. 
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CHAPTER ONE  

Introduction 
Maxillary sinus membrane elevation (sinus lift) is a surgical procedure aiming 

to create an increased bone volume in the maxillary sinus floor in order to 

enable installation of fixtures in the region. The graft in the sinus bottom may 

be left to heal primarily before implants are placed in a second surgery (Two 

stage procedure), or implants may be placed simultaneously with the graft (One 

stage procedure) (Johansson et al, 2001). 

Pneumatization of the maxillary sinus and alveolar bone resorption after 

extraction of maxillary posterior teeth result in horizontal and vertical bone 

resorption. The atrophic posterior maxilla is a challenging site to place dental 

implants. A variety of surgical techniques have been developed to reconstruct 

the posterior maxilla when bone volume is insufficient.For more than 2 decades, 

sinus augmentation using various bone substitutes has been used to reconstruct 

the posterior maxilla for dental implant placement (Boyne and James , 1980; 

Tatum , 1986;Winter et al, 2003; Degidi  et al, 2007).The most common 

technique is augmentation of the maxillary sinus floor, a technique introduced 

by (Tatum, 1977), and modified by (Boyne and James, 1980) and (Wood, 

Moore, 1988). 

Where access to the maxillary sinus is obtained by drilling a bone window in 

the lateral sinus wall using a small round bur, while ensuring that the sinus 

membrane remains intact. The sinus membrane is then carefully elevated, 

mobilized together with the attached bone window and rotated medially.  

Sinus lift surgery is usually performed in conjunction with a variety of bone 

grafting materials, including autogenous bone from the iliac crest (Raghoebar et 

al,1993 ;Block and Kent ,1997), the mandibular chin (Wood  and Moore ,1988; 

Lundgren  et al,1996; Nkenke  et al,2001; Raghoebar et al,2001),  
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or the mandibular ramus (Clavero and Lundgren ,2003) or the calvarium 

(Tulasne,1999), as well as bone substitutes used alone (Hising et al 

,2001;Hallman  et al,2002) or in combination with autogenous bone (Smiler and 

Holmes ,1987; Moy  et al,1993; Wheeler et al,1996; Yildirim et al,2001). 

Even if new bone can be obtained after placing bone grafts in the maxillary 

sinus floor, it might not be a prerequisite for bone formation per se. The mere 

lifting of the sinus membrane and the establishment of a void space with a blood 

clot may yield new bone, following the principles of guided tissue regeneration 

(Dahlin et al, 1989). This concept was supported by a study in which bone 

formation was detected at the apical part of implants protruding into the sinus 

cavity (Ellegaard  et al, 1997). 

Spontaneous bone formation at the floor of the maxillary sinus has also been 

observed 3 months following the removal of an intrasinusal cyst (Lundgren et 

al, 2003). 

This technique reduces the risks for morbidity related to harvesting of bone 

grafts and eliminates the cost of grafting materials and the risk of cross 

contamination from bovine and human bone is eliminated (Lundgren et al, 

2003). 

The study could fill in gaps in knowledge about important subject concerning 

the new technique of sinus augmentation procedures. 
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Aims of the study:  
1. To investigate whether sinus membrane elevation and simultaneous 

implants placement without grafting materials constitute a valid 

technique for bone augmentation of the maxillary sinus floor. 

2. To analyze the correlation between the implant protrusion length 

into the maxillary sinus cavity and the amount of newly formed 

bone. 

3. To analyze the correlation between the amount of the residual bone 

height and the amount of the newly formed bone. 

4. To evaluate the clinical and radiographical success of implants. 

4 

 

CHAPTER ONE 

Review of Literature 

 

1.1. Maxillary sinus:   

1.1.1. Anatomy:  

The maxillary sinus begins to develop between the second and third month of 

intrauterine life as an evagination of the nasal passage lateral wall mucosa. At 

birth, it is about 0.1 to 0.2 cm
3
 in size and remains small until eruption of the 

permanent teeth (Van den Bergh et al, 2000). 

Development, in terms of pneumatization (the increase of the volume of air 

contained in it), is completed by adolescence, although its volume may increase 

further after tooth loss in the posterior maxilla (Testori and Del Fabro, 2009). 

The maxillary sinus is the largest of the paranasal cavities, which include the 

ethmoidal, frontal and sphenoidal sinuses and which usually occupies a large 

part of the maxillary bone. It is an air cavity with a quadrangular pyramidal 

shape with various walls: a medial wall facing the nasal cavity, a posterior wall 

facing the maxillary tuberosity, anterolateral wall for the presence of the canine 

fossae, an upper wall which is the orbit floor, and finally, a lower wall that is 

next to the alveolar process and which is the bottom of the maxillary sinus itself 

(Testori and Del Fabro, 2009).  

The maxillary sinus communicates with the homolateral nasal fossa by means 

of a natural ostium located antero-superiorly on the medial surface, which 

drains into the middle meatus (May et al, 1990). All paranasal sinuses com-

municate with the nasal fossae and therefore also, indirectly, with each other 

(Figure 1.1). They serve mainly to humidify and heat inspired air. They also 

contribute to reducing the weight of our facial bones, protect the base of the 
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skull against trauma, thermally insulate the upper nerve centers and influence 

phonation by acting as an indirect resonance box (Blanton and Biggs, 1969; 

Ritter and Lee, 1978). 

The two bony walls most often involved in maxillary sinus surgery are the 

anterolateral wall and the medial wall. The anterolateral wall is usually made up 

of a thin cortex containing the neurovascular bundle: the arterial anastomosis 

between the infra-orbital and posterior alveolar arteries and the infra-orbital 

nerve that permeates and innervates the anterior teeth and related periodontal 

tissues.  In some cases it may be 2 mm thick. A variation in thickness or an 

interruption cannot normally be detected in an orthopantograph. Pre-existing 

thicknesses can be evaluated prior to surgery only by means of a CT scan 

(Figure1.2). Lack of bone cortex areas can be found, with a consequent direct 

contact between vestibular mucosa and sinus mucosa. (De Mo I Van Otterloo, 

1994). 

The medial wall is rectangular and forms the bone septum that separates the 

maxillary sinus from the nasal cavity. The lower portion corresponds to the 

lower meatus of the nasal cavity. An accessory ostium may be found on this 

wall in the maxillary sinus, it is important to know about this occurrence, as 

during an operation to lift the floor of the maxillary sinus, the mucosa must not 

be detached up to this point (Chanavaz, 1990). 

The sinus floor includes the alveolar process of the jawbone and part of the hard 

palate. It is normally located about 1 cm below the floor of the nasal fossae 

(McGowan et al, 1993). In adults with a full set of teeth, the floor of the 

maxillary sinus is the strongest of the bone walls surrounding the cavity. It has 

various recesses and depressions near to the first molar and premolar teeth 

(alveolar recesses) (Testori and Del Fabro, 2009). 

CHAPTER ONE                            REVIEW OF LITERATURE 6 

 

 

Figure 1.1: anterior section of the maxillary sinus, hyperpneumatization of the left sinus and 

atrophy of the crestal bone. (Testori and Del Fabro, 2009). 

 

 

Figure 1.2: CT view, anterior section of the maxillary sinus. (Testori and Del Fabro, 2009). 

 

As a person gets older, the sinus floor is resorbed and tends to form dehiscence 

around the roots, so that the root ends jut out into the cavity, only covered by 

the Schneiderian membrane and by a small bone cortex flap, which is 

sometimes missing. The area surrounding the roots may remain for many 
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months after a tooth has been extracted and it is necessary to be extremely 

careful during the separation of the membrane from these exposed apices as it 

may easily tear (Testori and Del Fabro, 2009). 

1.1.2. Dimensions of the maxillary sinus:  

The average size of the maxillary sinus in an adult is about 12 to 15 cm
3
 with 

large variations, from 3.5 to 35.2 cm
3
; height: 36 to 45 mm; length: 38 to 45 

mm; width: 25 to 35 mm (Uchida et al, 1998a, 1998b; Van den Bergh et al, 

2000). 

The maxillary sinus can therefore vary greatly in size, and it tends to increase in 

size with age and teeth loss, due to continuous resorption of the walls, both in 

the antero-posterior, the medio-lateral and the supero-inferior directions (Testori 

and Del Fabro, 2009). 

1.1.3. Blood supply of the maxillary sinus: 

The blood supply of the maxillary sinus occurs by three arteries, all are 

branches of the maxillary artery: 1) the infraorbital artery; 2) the medial wall 

supply is the posterior lateral nasal artery; 3) the posterior superior alveolar 

artery  (Chanavaz, 1990; McGowan et al, 1993; de Mol Van Otterloo, 1994; 

Flanagan, 2005). 

Vascularization of the grafting material placed in sinus floor elevation 

procedure occurs via three routes (Solar et al, 1999): 

• Extraosseous anastomosis (EA): terminal branch of the posterior superior 

alveolar artery (PSAA) branch of the maxillary artery (MA), with an 

extraosseous terminal branch of the Infraorbital artery (IOA), another branch of 

the MA.  

• Intraosseous anastomosis (IA) or alveolo- antral artery: second branch of 

PSAA (dental branch) with the IOA.  
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• The middle portion of the Schneiderian membrane is supplied by the 

sphenopalatine artery, the terminal branch of the MA. 

The venous drainage from the maxillary sinus is by the facial vein, the 

sphenopalatine vein and the pterygoideus plexus. The veins may also be the 

route for spreading infection starting from the maxillary sinus, which may 

involve adjoining anatomic areas (Solar et al, 1999). 

 

Figure 1.3: Blood supply of the maxillary sinus (Testori & Del Fabro, 2009). 

1.1.4. Sinus membrane: 

The inner walls of the sinus are covered by a mucous membrane (Schneiderian 

membrane) (Figure 1.4, 1.5), which is covered by pseudo-stratified columnar 

ciliated epithelium formed by basal cells, columnar cells and goblet cells fixed 

to the basal membrane: there are serum-mucosa glands in the lamina directly 

underneath, especially next to the ostium opening. This epithelium continues 

from the nasal respiratory epithelium. Normally the thickness of the 

Schneiderian membrane varies from 0.13 mm to 0.5 mm (Testori & Del Fabro, 

2009). 
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The epithelial layer is thinner and has less vascularization than the nasal 

epithelium. Under normal conditions, the epithelium is kept humid by the 

continuous secretion of fluid from the goblet cells and the serum-mucosa glands 

(Testori and Del Fabro, 2009). 

 

Figure 1.4: thin membrane can be seen further to antrostomy (Testori & Del Fabro, 2009). 

 

 

Figure 1.5: Perpendicular CT section of the maxillary sinus shows the thin Schneiderian 

membrane (Testori & Del Fabro, 2009). 
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1.1.5. Progressive changes with edentulism and aging: 

In case of maxillary edentulism, the thickness of the bone between the maxillary 

sinus and the alveolar ridge tends to become visibly thinner, even reaching 

values of less than 1 mm. This may be due in great part to the absence or 

reduction of normal masticatory loads. Progressive resorption of the edentulous 

ridge in the posterior areas of the maxilla follows a well-defined path, which 

differs from that of the anterior regions and includes repeatable, predictable 

morphologic changes. There are different stages of resorption, which led 

Cawood and Howell to set up a classification of the increasing degrees of 

atrophy, based on the morphologic differences in the residual ridge. This 

classification is extremely useful for pre-surgical diagnostic assessment, as the 

appearance of the ridge morphology is connected to the horizontal and vertical 

size of bone available for possible implants (Cawood & Howell, 1988; 1991). 

There can be several causes behind resorption of the alveolar ridge. First of all, 

the intensity, the direction and the regularity of masticatory loads applied to the 

alveolar process areas play an important role in preserving the bone structures. 

Teeth are elements that can transfer suitable biomechanical stimuli to the 

alveolar bone, essential for limiting bone loss, which increases in the period 

immediately after the avulsion of a tooth, as the result of a bone remodeling 

process caused by the lack of functional load. Later, vertical bone loss stabilizes 

on average at about 0.1 mm/year, with large variations depending on the person. 

This bone resorption may become faster, and bone density will progressively 

deteriorate due to systemic factors such as hormonal imbalances, metabolic 

factors, inflammation and certain systemic pathologies. Age and gender may 

also influence the extent of bone loss. Long-term edentulous subjects rarely 

have a sufficient amount of bone to allow endosseous implants to be inserted, 

especially in the molar region (Testori & Del Fabro, 2009). 
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This lack of vertical bone in the posterior areas of the maxilla that often makes a 

preliminary maxillary sinus lifting operation necessary, using bone grafts or 

other bone regeneration techniques that allow an increase of the vertical height, 

prior to rehabilitation using implants (Testori & Del Fabro, 2009). 

1.1.6. Bony septa: (Underwood septa) 

The maxillary sinus normally stretches in an antero-posterior direction from the 

two regions to the first premolar area. The maxillary sinuses are often 

asymmetrical. Inside the cavity, bony septa are often found that originate from 

the sinus floor and rise for a variable height on the lateral wall. These bony 

septa, also called Underwood septa can be found more often at the first molar or 

the premolar areas (Figure 1.6, 1.7). They are made up of bone cortex in a 

vestibular-palatal direction that divides the back part of the sinus into multiple 

compartments known as posterior recesses. Sometimes these septae reach from 

the base to the upper sinus wall resulting in two sinuses of a smaller size (Miles, 

1973). 

Incidence of septa varies from 16 to 58% with an average of about 30% 

(Underwood, 1910; Jensen and Greer, 1992; Ulm et al, 1995; Kim et al, 2006). 

The average height of the septa is about 8 mm, with possible values up to 17 

mm.  It is believed that the formation of septa may be linked to the various 

phases of sinus pneumatization, and to the fact that maxillary teeth are lost in 

different periods. On average, molar teeth are lost before premolars and the 

edentulous area may encounter a resorption process that leads to a difference in 

level between the two adjacent portions (molar/pre-molar) on the maxillary 

sinus floor. After complete loss of teeth, the septa may gradually disappear (Van 

den Bergh et al, 2000).The presence of these septa may cause complications in 

maxillary sinus elevation surgery. In this case, a tridimensional x-ray diagnosis 

of septa presence is important for planning the size, shape and position of the 
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antrostomy, and to help later separation of the sinus membrane from the bony 

septum (Testori & Del Fabro, 2009).  

 

Figure 1.6: Bony septa in the left maxillary sinus separating it into two compartments. 

(Testori & Del Fabro, 2009). 

 

 

Figure 1.7: Underwood septa inside the maxillary sinus. (Testori & Del Fabro, 2009). 
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1.2 Sinus Lift: 

1.2.1. Background: 

During long-term dentulism, resorption of the alveolar process occurs. Since the 

maxillary sinus also pneumatises during these circumstances (Asai et al, 2002) 

the remaining bone volume can become very small and therefore clinicians and 

researchers have continuously developed techniques to overcome this problem. 

Sinus lift is a surgical procedure in which the sinus membrane is lifted to create 

an increased bone volume in the maxillary sinus floor in order to enable 

installation of fixtures in the region and filling the created volume with a graft 

material. The graft in the sinus bottom may be left to heal primarily before 

implants are placed in a second surgery (2-stage procedure), or implants may be 

placed simultaneously with the graft (1- stage procedure). The grafts are, 

however, exposed to a rather substantial degree of resorption (Johansson et al, 

2001). 

The surgical procedure has undergone development, and variations exist. 

Autogenous bone is regarded as the preferred option but with an important 

drawback of an unpredictable rate of resorption, has later been replaced by 

many surgeons by the use of bone substitutes (Hallman and Thor, 2008).  

1.2.2. Treatment History of sinus lifting procedure:  

The maxillary posterior edentulous region presents more challenging conditions 

in implant dentistry than any other region of the jaws. However, treatment 

modalities designed specifically for this area allow it to be as predictable as any 

intraoral region. Most noteworthy of these treatments are subantral 

augmentation to increase available bone height, modified surgical and treatment 

approaches that related to bone density and progressive bone loading during the 

prosthodontic phase of reconstruction (Misch, 1993). 
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In the past, oral surgeons avoided the use of implants in the maxillary sinus. 

Small implants were often placed below the antrum. The decreased surface area 

provides poor implant stability, especially in the poor quality bone that present 

in this region. Attempts to place larger endosteal implants anterior and posterior 

to the antrum also resulted in complications. Rarely are third or fourth molar 

abutments indicated for proper prosthodontic support. This approach often 

requires three or more pontics between the implants. The typical spans result 

with excessive flexibility of the prosthesis, unretained restorations, excess 

stresses, and implant failure (Misch, 1993). 

Lack of adequate bone height often results in the implant being displaced 

laterally, out of the bony ridge, from occlusal and parafunctional forces. Long 

term success of maxillary subperiosteal implants is the most difficult to predict 

of any implant type. In the late 196OS Linkow reported that the blade-vent 

implant could be blunted, and the maxillary sinus membrane could be slightly 

elevated to allow implant placement into the sinus in the posterior maxilla. This 

technique required the presence of at least 7 mm of vertical bone height below 

the antrum. For long-term predictable results, vertical bone height of at least 

10mm in the posterior maxilla has been clinically determined to be necessary 

(Misch, 1993). 

Branemark (1984) have shown that implants may be placed into the maxillary 

sinus without consequence if integration occurs between the implants and the 

bone below the sinus. 

In the early 1970s, Tatum began to augment the posterior maxilla with 

autogenous rib bone to produce adequate vertical bone for implant support 

(Tatum, 1986). 

In 1980, the application of the subantral augmentation technique with a lateral 

maxillary approach was further expanded by Tatum with the use of synthetic 

bone (Mathias and Ali, 2000). 
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In the early 1980s, Boyne and James reported about maxillary sinus 

augmentation, which described as subantral augmentation with a particulated 

bone autograft. They described a surgical method where access to the maxillary 

sinuses was created through a fenestration of the lateral sinus wall. The integrity 

of the sinus mucosa was stressed due to an inherit risk of infection and 

resorption if lacerated. Blade implants were inserted at the time of the first 

operation, but no success rate or follow up data were reported (Mathias and Ali, 

2000). 

In 1982 publication, Tatum, on the other hand, reported a maxillary sinus 

elevation with a crestal approach, performed by cranial mobilization of the 

maxillary antrum similar to a greenstick fracture. Along with augmentation 

Tatum favored implantation in cases in which a sufficient residual alveolar ridge 

is present (Mathias, 2000). 

1.2.3. Treatment modalities of atrophic posterior maxilla: 

Procedures that have been developed to create a sufficient   bone   volume   for 

the placement of endosseous implants in the atrophic posterior maxillae include 

the following (Keller, 1994): 

1. Grafting of the maxillary sinus "sinus lift". This procedure done either by 

    lateral osteotomy window or crestal approach.  

2. Total or segmental bone onlays. 

3. Le Fort I osteotomy with interpositional bone grafts. 

4.  Zygoma implant  

1.2.3.1. Grafting of the maxillary sinus: 

A. The sinus lift or sinus floor elevation is similar to a Caldwell-Luc procedure 

combined with grafting of floor of the maxillary sinus. It is a procedure that can 

be performed under local anesthesia and involves carefully cutting a window in 

the lateral antral wall using surgical burs but retaining the integrity of the sinus 
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membrane. The window may then be in-fractured to create a discrete cavity on 

the superior aspect of the residual alveolus. Graft material may then be inserted 

which serves to keep the bone "trap-door" in its elevated position  as shown in 

Figure(1.8) (Paul & Richard,1999)  .  

 

Figure 1.8: Clinical view of (A) lateral bone wall pushed into the sinus cavity, (B) 

simultaneous sinus membrane elevation and implant placement without autogenous bone 

graft, (C) simultaneous sinus membrane elevation and implant placement, and (D) 

autogenous bone graft inserted over the implants. (Borges et al, 2011).  

      

If the sinus membrane is torn it is not advisable to graft participate material 

although blocks of cortico-cancellous bone can be secured in position. The 

technique is commonly used as a pre-implant procedure whether residual 

alveolar ridge has resorbed to a point where initial implant stability is 

compromised. Thus maxillary ridge with less than 5mm of available bone 

height should be augmented at least 3 months before implant placement. This 

protocol increases the likelihood of achieving stable implant at placement and 

improves the overall success rates. Alternatively sinus lifts may be employed to 

allow installation of longer implant without entering the sinus proper. If 

performed as a one-stage procedure the implant serves as a support for the bone 
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"trap door" and may also be used to fix the graft in place, particularly if a block 

of cortico-cancellous bone is used. This procedure can be done either in one 

stage "grafting the maxillary sinus and placement of implant" or two stage "first 

stage, bone grafting; second stage, placement of implant" (Paul & Richard, 

1999). 

B- Crestal approach is selected when 7-8mm of vertical bone is present between 

the floor of the maxillary antrum and the crest of the ridge. To obtain the 12mm 

of vertical bone necessary for improved implant survival, the antral floor is 

elevated from below. An implant osteotomy is performed approximately 1 to 

2mm short of the sinus floor as usually prepared. A trial implant is inserted and 

tapped into position 2 to 4mm beyond the prepared implant osteotomy (Paul & 

Richard, 1999).a greenstick fracture at the sinus floor usually elevates the bone 

and sinus membrane over a broad-based, flat-ended implant. The final implant 

may then be inserted into the implant osteotomy, and 2mm to 4mm new bone 

will form around the apical end of the implant (Misch, 1993). 

1.2.3.2. Onlay grafts: 

Onlay grafts are versatile in that they are able to augment the bone in either the 

vertical or lateral dimension or a combination of the two. Smaller grafts may be 

harvested from the chin or retromolar area, although large cotico-cancellous 

grafts are usually taken from the iliac crest. Grafts should be secured to the 

recipient bed using miniscrews and plates or wires. The host bed is perforated 

with a small bur to allow blood clot to form between the two bone surfaces and 

to allow communication with the cancellous bone, which contains 

osteoprogenitor cells. Any remaining voids may be packed with cancellous 

bone chips to maximize the healing potential. A modification of this technique 

has been described where implants are used to stabilize large onlay grafts. In 

these cases an iliac graft is taken in one piece which is the same dimension as 

the proposed dental arch by using a surgical template. The graft is secured to the 
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residual ridge using six or more implants. This is a useful technique to alter 

jaw relations and simultaneously place implants but requires that the residual 

alveolus is capable of stabilizing the implants and graft (Paul & Richard, 1999). 

1.2.3.3. Le Fort I osteotomy with interpositional bone grafts: 

Gross resorption of maxilla leading to a class III skeletal relationship can be 

treated using an inlay graft combined with a Le Fort I type osteotomy. This will 

improve the skeletal jaw relationship and available bone height while leaving 

the alveolar crest form unchanged. This is therefore particularly useful in the 

pseudo class III edentulous maxilla or in partially dentate individuals requiring 

orthognathic surgery (Paul & Richard, 1999).  

Once the Le Fort I down fracture is complete a bone inlay of predetermined 

thickness is placed in the void and sandwiched between the two sections and 

secured using mini-plates. The size of the required inlay necessitates the use of 

cortico-cancellous bone from the iliac crest for this procedure (Paul & Richard, 

1999). 

1.2.3.4. Zygoma implant:  

Extensive studies were done evaluating the craniofacial bones and their load 

bearing capacity. It was found that the zygoma consistently demonstrated dense 

bone quality and acceptable bone volume. This bone is similar to the dense type 

bone which provides the most predictable anchorage in the mandible. 

Branemark believed that this would be a useful alternative compared to 

conducting extensive grafting procedures. Professor Branemark and his team 

have developed or designed a dental implant for placement in the zygoma 

region (zygoma fixture) and the first patient was treated in 1989 at which time 

the clinical follow-up began (Branemark et al, 2000). 
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1.2.4. Alternatives to sinus floor augmentation: 

When reconstructing the maxilla due to monolateral or bilateral atrophy in 

partly or totally edentulous patients, there are some alternative treatments that 

should be taken in consideration. Careful evaluation of the possible alternatives 

is mandatory for all patients who, due to general medical problems, pathologies 

of the maxillary sinus, advanced age or psychological reasons, cannot undergo 

invasive surgery such as maxillary sinus augmentation. With regards to the 

clinical condition, there are essentially four treatments that have been proposed 

as alternatives to sinus augmentation (Testori et al, 2009): 

 Reduced –Length Implants 

 Pre-And Post –Sinus Implants 

 Mesiodistally Tilted Implants 

 Implants with Distal Cantilever 

1.2.4.1 Reduced –Length Implants:   

In the lateroposterior sectors of the maxilla, an insufficient amount of bone is 

often found for the placement of implants, due to maxillary sinus 

pneumatization and/or resorption of the alveolar ridge. Under these conditions, 

a possible alternative treatment to maxillary sinus augmentation may be the use 

of reduced-length implants (<8.5 mm long) (Testori et al, 2009). 

Current evidence state that implants that are less than 8.5 mm in length do not 

have a survival rate significantly lower than standard implants (Renouard & 

Nisand, 2005; 2006). 

1.2.4.2. Pre-And Post –Sinus Implants: 

A further possibility for treatment is the insertion of implants mesially and 

distally to the maxillary sinus. In this case, the implants mesial to the sinus are 

placed parallel to the adjacent natural teeth while the distal implant is mesially 
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tangent to the sinus with the implant head emerging at the second molar level 

(Venturelli, 1996) (Figure 1.9). 

 

Figure 1.9: clinical case resolved with pre- and post- sinus tilted implants. 

(Testori et al, 2009). 

1.2.4.3. Mesiodistally Tilted Implants:  

In cases of totally edentulous subjects, the possible alternative treatment to sinus 

augmentation for a fixed prosthesis is aimed at exploiting the bone volume in 

the premaxilla area. The implant configuration has six implants. Four are 

inserted in a standard axial position from canine to canine. The two mesial 

implants are tilted distally, parallel to the anterior wall of the sinus, exploiting 

the area between the frontonasal canine mesially, the maxillary sinus floor 

cranially and the alveolar ridge caudally (Testori et al, 2009). 

1.2.4.4. Implants with Distal Cantilever: 

A different treatment solution may be the placement of implants in the anterior 

maxillary sinus area, with a distal extension (Shackleton et al, 1994; Becker & 

Kaiser, 2000; Becker, 2004). 
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A prospective study carried out in partially maxillary and mandibular 

edentulous patients showed how implant-supported prostheses with a distal 

cantilever can achieve 100% success at 7 years, while those cases with mesial 

cantilever only achieved a rate of 97.1%.Although the technique described 

cannot be applied fully as an alternative to sinus elevation, it may be an 

alternative if a natural tooth is present distal to the maxillary sinus (Romeo et al, 

2003). 

1.3. The graft material: 

A living tissue or material that is transplanted and expected to become a pan of 

the host to which it is transplanted (Marx and Saunders, 1986). 

1.3.1. Bone grafting theories: 

New bone formation occurs through three biologic mechanisms:  

A-Osteogenesis: is the production of a new bone by proliferation, osteoid 

production and mineralization by transplanted osteocompetent cells, it is the 

main mechanism by which bone forms in bone graft (Mowlem, 1944). 

B-Osteoconduction: is the production of new bone by the proliferation and 

migration of local host osteocompetent cells along a conduit. The conduit is 

usually fibrin, but may be local vessels, epineurium, allogenic bone or even 

certain alloplasts such as hydroxyapatite (Fonseca et al, 1986). 

C-Osteoinduction: is the formation of bone by mesenchymal   stem cells 

transformed into osteocompetent cells by inductive proteins (Cox and Zarb 

1987).There is no better replacement of injured bone than the patient’s own 

bone. Fresh autogenous bone from a healthy donor site is transplanted to the 

injured site to promote healing (Chase and Hardon, 1995). Cancellous autograft 

is the gold standard in bone grafting. It supplies the three elements of bone 

regeneration: 1- osteoconductive matrix. 2- Osteoinductive factor. 3- 

Osteogenic cells (Burchardt and Ennerking, 1978). 
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Osteoinductivity is a pharmacokinetic principle and it is thought to be directly 

proportional to the concentration of bone morphogenetic protein (BMP) present 

in graft material. Materials containing BMP that have been used in the sinus 

includes: Autograft, allograft, BMP-2 and BMP-7. (Wozney et al, 1988; 

Margolin et al, 1997; Triplett & Lilly, 1998). BMP-2 and BMP-7 by themselves 

induce the complete sequence of bone formation. BMP-2, used with a collagen 

carrier, has been shown to rapidly form bone de novo throughout the sinus graft 

site (Margolin et al, 1997). 

1.3.2. Main principles of bone repair:  

There are only certain basic principles involved in bone formation that must be 

satisfied in order to obtain successful osteogenesis:  

•   Sufficient blood supply: this is essential for new bone formation as the 

osteoblasts need high partial oxygen tension, to produce bone matrix 

(Schenk, 1987). 

When the partial oxygen tension is low, cells produce cartilage or fibrous tissue 

(Ham & Harris, 1971). 

• Mechanical stability: this contributes to the formation of stable coagulation 

and thus granulation tissue that is rich in blood vessels, which ensure the 

blood supply to osteo-progenitor cells (Schenk, 1987). 

• Solid surface: osteoblasts can only deposit lamellar bone starting from  

     a solid stable surface (Schenk, 1987). 

• Size of defects: when a bone defect is overly large, i.e. more than 1 mm, it 

      will not heal through the formation of a complete, rapid bone bridge 

      between the walls of the defect. It will instead need several months to 

      completely fill the defect (Johner, 1972). 

• Competition between cells for the most rapid proliferation: soft tissue  

      cells that do not surround bone can proliferate much more rapidly than 
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     osteoprogenitor cells and can therefore fill the defect before the formation of 

new bone. Fibrous tissue is formed faster than bone tissue (Dahlin et al, 

1989; Nyman et al, 1990; Seibert & Nyman, 1990). 

1.3.3. How is bone formed in the grafted sinus? 

After grafts are inserted into maxillary sinuses, neo-osteogenesis reproduces the 

normal bone repair process. Osteogenesis is activated by surgical trauma, which 

causes the release of a large quantity of cytokines with osteogenetic effects 

(TGF-beta, FGF-a, FGF-b, BMP-2 and BMP-7) (Cho et al, 2002; Rundle et al, 

2002; Yu et al, 2002). These factors start the healing process, with the 

formation of new capillaries in the first week, followed by the formation of 

immature woven bone and then bone remodeling (Joyce et al, 1990a and 

1990b). 

The repair reaction, with the formation of new woven bone, originates from the 

bone walls subjected to trauma, which stimulate the osteoblasts precursors, due 

to exposure of the bone matrix, and act as a solid wall allowing the attachment 

of the osteoblasts (Boyne & James, 1980; Schenk, 1987; Misch, 1993). 

The graft and the granulation tissue must be mechanically stable and the 

neovascular tissue must reach the entire graft, for new bone formation to be 

completed. Under the correct biologic conditions, and having begun along the 

maxillary sinus walls, osteogenesis extends progressively towards the center 

and the apical area of the graft and may continue for months after the surgery 

(Haas et al, 2002a and 2002b).At this stage it is important for the biomaterial to 

be extremely osteoconductive, in order to aid the adhesion of the osteoblasts to 

most of its surface, providing the highest number possible of neo-osteogenesis 

nuclei. In this way, the material physically fills the space to be colonized on one 

hand, and on the other increases the filling speed, reducing graft consolidation 

times (Trisi & Massei, 2009). 
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A gradient of osteogenesis is thus created. Maximum bone formation is 

obtained on the bottom, the lateral and the medial walls, while the most apical 

area has the minimum new bone formation. The more the grafted material is 

osteoinductive and osteoconductive, the faster and more complete newly formed 

bone filling will be (Trisi & Massei , 2009). 

1.3.4. Sinus Graft Materials:  

Autogenous bone was the first grafting material utilized to augment the 

maxillary sinus. The list of bone replacement grafts (BRG's) utilized to augment 

or replace autogenous bone as a sinus grafting material is continuously 

expanding. They fall into the general categories of allografts, xenografts and 

alloplasts (Wallace, 2009). 

1.3.4.1. Autogenous Bone 

Autogenous bone graft would contain all the elements necessary to promote 

vital bone formation, namely minerals, collagen matrix, viable cells, growth 

factors and BMP. Autogenous grafts, therefore, can be both osteoinductive and 

osteoconductive (Wallace, 2009). 

Iliac autografts were utilized both in block form with simultaneous implant 

placement and in particulate form with simultaneous or delayed placement, 

depending upon the ability to achieve primary implant stability in the residual 

crestal bone(Wallace , 2009). 

Other sources for autogenous bone include, extraorally, the tibia and cranium, 

and intraorally, the ramus, symphysis, and maxillary tuberosity. Of these, the 

tibial grafts have a high cancellous content, whereas the ramus and symphysis 

contain mostly cortical bone (Wallace, 2009). 

Using a 100% autogenous bone graft requires a second surgical site (intraoral) 

or possible hospitalization (extraoral), thereby increasing the length of time of 

the surgical intervention, the surgical risk, and the postsurgical morbidity. 
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Furthermore, clinicians have reported a greater than average degree of graft 

resorption when using iliac grafts (Moy et al, 1993; Jensen et al, 1998; Garg, 

2001). 

1.3.4.2. Allografts  

Allogenic grafts are those taken from the same species but transferred to a 

different individual, have the advantage of ease of access, and have no donor 

site morbidity. The disadvantage of this type does not provide viable cells for 

osteogenesis. Allogenic bone graft materials ore available in solid or particle 

forms and are available from several bone banks. The material is packaged in a 

lyophilized state and therefore; must be reconstituted before use (Michael et al, 

1997). 

1.3.4.3. Xenografts 

A xenograft is a material taken from another species, such as a bovine bone. 

The advantages of this type of bone graft are: it does not require another site of 

operation in the host and large quantity of bone can be obtained. While the 

disadvantages do not provide viable cells for phase I osteogenesis and must be 

treated to reduce antigenicity (Stevenson et al, 1996). Most xenografts are 

deproteinated and deorganified to eliminate any antigenic potential; therefore, 

they have no osteoinductive properties (Bernard, 1991). 

Xenografts heal by osteoconduction, in this process, the grafted bone acts as a 

scaffold for the patient’s own natural bone to grow onto and within. Gradually, 

the graft is resorbed and replaced by a new bone (Smiler, 1992). 

1.3.4.4. Alloplastic materials 

Alloplastic materials, specifically, Calcium phosphate ceramics, have been used 

alone, in combination with autogenous bone or in combination with allogenic 

bone for sinus grafting (Wagner, 1991). 
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The earliest synthetic materials were based on calcium phosphate compounds. 

These were initially investigated because of their similarity to the inorganic 

phase of human mineralized tissue .Some of these compounds were used as 

early as 1920 in the treatment of fractured site, with the idea of stimulating 

osteogenesis and healing. Two widely experimented forms are beta-tricalcium 

phosphate and hydroxyapatite. Hydroxyapatite has long been investigated and 

used as bone implant material due to the properties of bioactivity, 

biocompatibility and osteoconductivity (Ping et al, 1998). 

1.3.5. New Technologies to Enhance Bone Formation:  

Clinicians are always seeking improvements in bone quality and a reduction in 

graft maturation times. The development of patient-derived (autogenous) 

growth factors (PRP, PRGF) is being utilized today to improve patient 

outcomes. Over the past decade we have also seen the growth of genetic thera-

pies that have led to the development of recombinant growth factors and 

BMP.also the development of tissue-engineered bone for use in sinus grafting 

(Wallace , 2009).  

1.3.5.1. Platelet rich plasma and Platelet rich growth factors 

Both PRP and PRGF are derived from autogenous blood at the time of surgery. 

Small volumes (less than 100 ml) of the patient's blood are drawn at the time of 

surgery and either a double-spin (PRP) or a single-spin (PRGF) centrifugation is 

used to fractionate the blood into its constituent red cell, white cell and plasma 

fractions(Wallace , 2009).  

One of the most important differences between PRP and PRGF is the fact that 

the Final PRGF product excludes the white blood cell fraction. The white cells 

contain both inflammatory interleukins and metalloproteases, which both 

increase the inflammatory response and act to destabilize the fibrin clot 

network. Further, PRGF technology allows for the separation of the plasma 
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fraction with the highest concentration of platelets and it does not utilize bovine 

thrombin for activation (Wallace, 2009). 

Both technologies clinically produce platelet concentrations in the order of 4 to 

6 times that are found in whole blood. The growth factors found in plasma 

including PDGF, Transforming Growth Factor-b (TGF-b), fibroblast growth 

factor (FGF), vascular endothelial growth factor (VEGF), epidermal growth 

factor (EGF), insulin-like growth factor-1 (IGF-1), and hepatocyte growth factor 

(HGF) are present, as well as fibronectin, osteonectin and fibrin (Wallace, 

2009). 

Growth factors play an essential role in wound healing and tissue formation. 

They are stored in the alpha granules of platelets and, when released, trigger 

multiple biologic events such as chemotaxis, angiogenesis, and cell 

differentiation. It has been reported that the observed increase in growth factors 

can up regulate bone formation in sinuses grafted with either autogenous bone 

or bone replacement grafts. While positive results have been seen in soft tissue 

healing for both PRP and PRGF, statistically significant increases in vital bone 

formation have infrequently been reported (Marx et al, 1998). 

1.3.5.2. Bone Morphogenic Protein-2 

BMPs comprise a family of osteoinductive proteins some of which are capable 

of stimulating the existing host mesenchymal cells to form bone. 

Urist (1965) first described bone morphogenetic activity after producing ectopic 

bone growth in the rabbit. Further studies led to the purification and cloning of 

these proteins from bone sources (Wozney et al, 1988). 
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1.3.5.3. Tissue-Engineered Bone 

The most recent concept being investigated in sinus augmentation is the 

utilization of tissue-engineered bone as a sinus grafting material.  

Tissue-engineered bone has the advantage of being an autogenous-derived 

grafting material that requires a minimal tissue harvest. From a clinical 

standpoint, the disadvantages are the time required to produce the bone graft 

and the present cost of this technology-driven therapy .The technique involves 

harvesting a small periosteal tissue sample, usually from the cambial layer in 

the posterior mandible. This tissue is tested for cell viability and is then seeded 

with cell amplification achieved using standard culture conditions. A three-

dimensional matrix may then be used for the formation of calcified bone blocks 

that are ultimately transplanted to the sinus. Descriptions of this technology may 

be found in sinus studies by (Zizelman et al, 2007). 
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1.4. Dental implant 

1.4.1. Definition: 

Dental Implant:  is a metallic device that replaces the root of the natural tooth, 

after an implant is placed into the underlying bone, artificial teeth is attached to 

it, enabling normal function (Antonio et al, 2004). With long term success rates 

of 90 – 100% at 10 year follow- up (Telleman et al, 2006). 

1.4.2. History of Dental Implants: 

Replacement of lost dentition has been traced to ancient Egyptian and South 

American civilizations. In ancient Egyptian writings implanted animal and 

carved ivory teeth were the oldest examples of primitive implantology (Lemons 

and Natiella, 1986). A two-staged threaded titanium root form implant was first 

presented in North America by Brånemark in 1958. He showed that titanium 

placed in the femurs of rabbits, osseointegrated in the femurs of rabbits after a 

period of healing. Two-staged titanium implants were first placed in patients in 

1965 and studies showed prolonged survival, free standing function, bone 

maintenance, and significant improvement in benefit-to-risk ratio over all 

previous implants (Brånemark, 1985).  

1.4.3. Types of dental implants:  

Dental implants in general, can be categorized into three main groups 

(endosseous, subperiosteal, transosseous) (Anusavice, 1996).  

1.4.3.1. Endosseous implants:  

These implants are surgically inserted into the jaw bone. The idea is that an 

inserting a screw inside the bone, and then the bone is to be formed around it 

(Anusavice, 1996). Endosseous implants are the most frequently used implants 

today. They could be subcategorized into one stage and two stage implants 

(based on surgical placement), into cylindrical, basket shaped, screw shaped 
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(based on their shape), and into machined surface, shot blasted features, 

chemically etched surface,  Porous sintered surface and thermal spraying 

(Albrektsson et al,1988) (Figure 1.10). 

 

Figure 1.10: Endosseous implant. (www.healthbase.com) 

 

1.4.3.2. Subperiosteal implants:  

A subperiosteal implant is a framework specifically fabricated to fit on top of 

supporting areas in the mandible or maxilla under the mucoperiosteum, with 

permucosal extension for supporting and attachment of the prosthesis (Pterson 

et al, 1999).                                                                                                                                                            

1.4.3.3. Transosseous implants:  

These implants are similar in definition to endosseous implants in that they are 

surgically inserted into the jaw bone. However, these implants penetrate the 

entire jaw, so that they emerge opposite to entry site, usually at the bottom of 

the chin and only used for the lower jaw (Anusvice et al, 1996).                                                          

 

 

 



CHAPTER ONE                            REVIEW OF LITERATURE 31 

 

1.5. Osseointegration: 

1.5.1. Definition:  

Osseointegration represents a direct connection between the living bone and the 

load bearing implant without interposed soft tissue layers, similar to ankylosis. 

In clinical situations osseointegration to 100% of the implant surface rarely 

occur. It was suggested that successful clinical outcome can be achieved with an 

osseointegration to 60% of the implant surface (Albrektsson, 1993). Brånemark 

et al (1983) divided osseointegration into three phases: primary fixation; callus 

formation; and remodeling into mature lamellar bone. Non-integration of dental 

implants occurred when this sequence of events was disturbed (Brånemark, 

1985). The potential etiologies for non integration of dental implants include 

trauma, infection, premature occlusal loading, and post occlusal overload. 

However, Scientific evidence for premature occlusal loading has been disputed 

(Testori et al, 2001; Testori et al, 2002). 

1.5.2. Basic principles to achieve successful osseointegration: 

Successful osseointegration require the use of biocompatible materials, an 

implant that precisely adapted to prepared bone, atraumatic surgery to minimize 

tissue damage, immobile, and undisturbed healing phase (Sharawy et al, 2002).  

1. Biocompatibility: It is the capacity of material to exist in harmony with the 

surrounding biologic environment without rejection or having toxic or 

injurious effect on its biologic function (Sharawy et al, 2002).  

2. Implant osteotomy site and primary stability: The size of gap between 

implant and bone is critical for achieving osseointegration. The lack of 

significant initial bone contact resulted in micro motion between implant and 

bone, and this situation might prevent osseointegration of implant (Sharawy 

et al, 2002).  
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3. Atraumatic surgery: Gentle surgery is required to allow minimal mechanical 

and thermal injury to occur which is considered as a one of the major reasons 

of early implant failure. It was stated that all surgical preparation on hard 

tissue causes necrotic zone of bone at the implant bone interface owing to 

the cutting of blood vessels. Traumatic surgical manipulation of bone causes 

poor vascularization of the implant boarder zone with delay or absence of 

ossification from excessive trauma and heat generation (Albrektsson, 1993).  

4. Immobile undisturbed healing phase: Brånemark et al (1977) reported that 

dental implant should be loaded after a period of time. 

1.6. Implant Placement Timing: 

 The question of timing, i.e. whether to place implants in a simultaneous or 

delayed format, remains unresolved, proponents of delayed placement favor 

creating a solid foundation prior to implant placement to improve site selection, 

to ensure implant fixation at stage 1 surgery, and to take advantage of bone 

healing biology (Cawood et al, 1994; Jensen, 1994; Triplett and Schow, 1996; 

Gross et al, 1997). 

Delayed placement allows for a more desirable implant positioning, simplifies 

the initial surgery, and decreases the overall risk of the sinus graft surgery. 

However, only one study has demonstrated improved implant positioning, and 

angulation when a delayed approach was used (Blomqvist et al, 1997). 

The theory that implants stimulate bone preservation in the same manner that 

healthy teeth preserve alveolar bone should not be neglected .The grafted bone 

placed is consolidated at the site of implant placement, which implies that the 

two-stage strategy has an advantage over one-stage procedure when it comes to 

placement of implants (Blomqvist, 1998). 
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Simultaneous placement advocates favor single-stage surgery as being less 

invasive, more cost-effective, and more time-efficient (Keller, 1994; Block et 

al, 1997). 

1.6.1. Implants Placed Simultaneous To Sinus Augmentation:  

The formation of new bone in the space below the elevated sinus membrane is a 

necessary, but not sufficient condition for clinical success in implantology. An 

implant inserted in the sinus graft at the same time as the sinus lift procedure is 

carried out acts biologically as a graft material. The possibility of osteoblasts 

colonizing its surface by depositing bone directly in contact depends on the 

osteoconductive properties of the implant's surface (Trisi & Massei, 2009).  

The formation of new bone in the sinus cavity does not necessarily mean that 

this bone adheres to the implant. Experimental studies on animals and in 

humans have shown that smooth titanium screws placed at the same time as 

regenerative therapy only reach a minimum amount of osseointegration (2.5%) 

at the end of the healing period (Stentz et al, 1997; Lundgren et al, 1999). 

Highly osteoconductive surfaces, such as hydroxyapatite or rough titanium, can 

reach high percentages of osseointegration in the same experimental conditions 

(Wetzel et al, 1995; Hurzeler et al, 1997; Quinones et al, 1997; Stentz et al, 

1997; Haas et al, 2002a). 

In a histologic study in humans, Trisi et al (2002) showed that smooth titanium 

is one of the non-conductive materials, as it cannot make contact with the 

surrounding bone trabeculae in low-density bone 
 
(bone- implant contact < 

expected bone contact [BIC < EBC]) (Trisi et al, 1999; 2002;2004). Dual acid-

etched titanium surfaces (Osseotite), on the other hand, show highly 

conductivity, achieving a higher BIC than the EBC, both after 2 months of 

healing (Trisi et al, 2003) and after 6 months (Trisi and Rebaudi, 2002). 
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1.6.2. Implants Inserted During a Later Surgical Operation: 

Placing implants at a second surgical stage after graft healing allows a suitably 

sized implant site to be prepared, aiding osseointegration. In fact, the good fit of 

the implant is one of the essential prerequisites for obtaining osseointegration 

with a smooth titanium surface (Branemark, 1985). 

During implant site preparation in the sinus graft, the burs cut and break up the 

delicate trabeculae of newly formed bone and graft particles formed inside the 

sinus during the healing period. Many bone trabeculae are fractured and 

compressed laterally, while bone chips are dispersed into the peri-implant area
.
  

The bone responds to these traumatic events with a new, powerful repair 

process due to the release of several abundant growth factors in the extra-

cellular fluids, which activate the osteoblasts. The release of these factors causes 

the formation of capillaries and woven bone inside and around the trauma site, 

throughout the peri-implant area, where fragments of fractured bone trabeculae 

can be found. However, in implants inserted at the same time as grafting, the 

bone is traumatized only in the sinus walls and floor, therefore the repair 

process will be limited to these graft areas. In this case, is difficult to colonize 

the apex of the implant with new bone, as it is too distant from the trauma areas 

(Trisi & Massei, 2009). 
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1.7. Sinus lift surgery with simultaneous implants 

placement without the use of grafts: 

For over 30 years, extensive experimental and clinical research has been 

undertaken based on the idea of necessity of grafting the maxillary sinus and 

great industrial investments have been made into developing products for this 

area. Eventually, the idea of a graftless augmentation of the maxillary sinus has 

evolved (Marx et al, 1998) (Figures 1.11a, and 1.11b). 

 

 

Figure 1.11a: One-week postoperative baseline panoramic view over reconstructed atrophic 

maxilla. Notice the minute amount of bone (1-2mm) in the sinus floor. The conical shape of 

the marginal part of the implant represents 5 mm. (Riben and Thor, 2012).  

 

Figure 1.11b: Situation 3 years postoperatively (Riben and Thor, 2012). 
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Boyne (1993) presented experimental results from a primate study in 1993 in 

which implants were placed without grafts to protrude 5mm into the sinus floor 

and experienced bone formation.   

Ellegaard et al (1997) described a technique whereby a circular fenestration was 

prepared in the lateral antral wall, at least 5mm superiorly to the estimated 

maxillary sinus floor. Thereafter, the sinus membrane was dissected around the 

fenestration as well as from the floor of the maxillary sinus. The implants were 

otherwise conventionally installed through the remaining alveolar crest. The 

sinus membrane was left resting on the installed protruding implants, creating a 

secluded void filled with blood, forming around and between the implants.. 

They found that a new bone has been formed around the upper part of the 

implants protruding up into the sinus cavity on follow-up radiographs.  

In 2003, a report at the yearly convention of the Swedish Dental Association by 

Lundgren included reference to a patient who was planned to initially have a 

mucosal cyst of the maxillary sinus removed with subsequent augmentation of 

the maxillary sinus to facilitate implant placement. The cyst was removed 

through a prepared bony window in the lateral antral wall, and the ruptured 

mucosa was sutured. The bony window was then replaced and a space secluded 

by bony walls, and sinus membrane had been created. After 3 months of 

healing, clear signs of bone formation were observed (Lundgren et al, 2003). 

Inspired by this outcome, Lundgren et al (2004) presented a study in which the 

bony window was dissected from the underlying sinus membrane and placed in 

sterile saline solution. The sinus membrane was then dissected from the floor of 

the maxillary sinus to create the secluded space for the implants. The implants 

were installed, the bony window was replaced. During the follow-up period and 

at the final evaluation after 12 months, all implants showed stability and bone 

formation in the maxillary sinus. 

 



CHAPTER ONE                            REVIEW OF LITERATURE 37 

 

In a study by Thor et al (2007) sinus lift procedure was considered when the 

subantral bone was 5mm or less. The survival rate of implants evaluated after an 

average time of 27.5 months was 97.7%. The average amount of bone formation 

in the maxillary sinus was 6.5 mm. It was concluded that greater bone formation 

was related to longer implants installed and lower preoperative bone height in 

the subantral region. 

Chen et al (2007) removed the bony tissue in the region to gain access to the 

maxillary sinus, the sinus mucosal membrane was here elevated with the bony 

window still attached to the membrane (folded up into the sinus) and the 

implants served as tent poles and space holders. No graft except blood was 

used, and preoperative bone of 7.5 ± 2.1mm was reported (measured on 

panoramic X-ray). After 6 months of healing there were no failures and the 

average bone gain was 4.5 mm. 

Hatano et al (2007) presented a case series of 6 patients in whom successful 

new bone formation was found in all sinuses after a healing period of 6 months 

for the implants and an observation period of up to 34 months. In addition, 

blood clot formation in the compartments around the implants was secured via 

an injection of peripheral blood and medical glue for closure of the potential gap 

in the bony window of the osteotomy.  

There is a variation in the technique among studies, as some remove and replace 

the bony window while others keep it attached to the sinus mucosa elevating it 

up- and inwards into the maxillary sinus. In Sohn et al (2008) study the bony 

window was replaced on one side by a resorbable membrane while the bony 

window was used to seal the lateral wall of the sinus. All implants remained 

stable during the study period, and bone formation was found in both 

radiographic and histologic evaluations. The technique using the bony window 

was shown to take less time and was also a less expensive solution for sealing 

the lateral wall. 
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Balleri et al (2012) presented a study the average baseline bone level was 6.2 

mm. No implants were lost and the average bone gain was 5.5 mm. It was 

concluded that the bone gain was less than the average lift of the membrane lift 

(8.2mm) and that the length of the implants was not related to the amount of 

gained bone.  

Lin et al (2011) presented a study in which the survival rate was 100% after five 

years. The average residual bone height was 5.1mm before treatment and at 

least 3mm was required for inclusion. The average gained bone height after five 

years was 7.4mm in the sinus.  

Cricchio et al (2011) investigated the long-term clinical and radiographic results 

of the maxillary sinus membrane elevation technique where implants were 

inserted in a void space created by the elevation of the sinus membrane without 

adding any graft material. The implant follow-up period ranged from a 

minimum of one to a maximum of 6 years after implants loading. All implants 

were stable after 6months of healing. A total of three implants were lost during 

the follow-up period giving a survival rate of 98.7%. Radiography demonstrated 

on average 5.3 ± 2.1mmof intra-sinus new bone formation after 6 months of 

healing.  

Borges et al (2011) studied the Sinus membrane elevation and simultaneous 

placement of dental implants in a split-mouth design. The sinuses were assigned 

to two groups: one side received autogenous bone augmentation (control group) 

whereas the other side was graftless (test group). Only one implant of the test 

group was lost, reaching a success rate of 96.4% and 100% for the test and 

control groups, respectively. After healing, radiographic new peri-implant bone 

was 2.6– 8.3mm in grafted and 3.6 –7.9 mm in non grafted side. A significant 

positive correlation was found between the protruded implant length/ bone gain. 
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The technique described requires a more invasive surgical approach than the 

transalveolar osteotome technique originally presented by Summers (Summers, 

1994; Nedir et al, 2009).  

Kishimoto et al (2010) evaluate Hydroxyapatite (HA)-coated implants in the 

posterior maxilla using the osteotome sinus floor elevation technique (OSFE) 

without bone graft. They found that HA-coated implants promoted bone 

formation and the sinus cavity was filled by the new bone. 

He et al (2011) studied the clinical results of osteotome technique to lift the 

sinus floor, without graft materials in the residual bone height (RBH), less 8 

mm. Preoperative and postoperative cone beam computerized tomographies 

(CBCT) were taken to guide the surgery, another CBCT exam was taken at 6 

months postoperatively. The average residual bone height was 6.7 mm. No 

implants were lost after the surgery and the 2 years follow-up. The mean bone 

gain at the implant sites was 2.5 mm.  

It could be argued that the transalveolar technique would be the method of 

choice due to its relative simplicity and low morbidity (Winter et al, 2002; 

Leblebicioglu et al, 2005; Fermerga and strand, 2008). On the other hand, the 

technique with the lateral window approach offers the possibility of controlling 

the sinus membrane and allows a wide dissection of the sinus membrane, hence 

minimizing the risk of sinus membrane perforations. Long implants are also 

able to be installed with a good overview and control through the bony window, 

eventually resulting in higher bone formation along these implants (Thor et al, 

2007). Additionally, the lateral window technique combined with use of a 

favorable implant design offers the possibility of treating cases with bone levels 

as low as 1-2 millimeters (Chen et al, 2007; Thor et al, 2007).  
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1.8. The role of Cone-Beam Computed Tomography: 

1.8.1. Background: 

CBCT is a recent technology in which Imaging is accomplished by using a 

rotating gantry to which an x-ray source and detector are fixed. A divergent 

pyramidal- or cone-shaped source of ionizing radiation is directed through the 

middle of the area of interest onto an area x-ray detector on the opposite side. 

The x-ray source and detector rotate around a rotation fulcrum fixed within the 

center of the region of interest. During the rotation, multiple (from 150 to more 

than 600) sequential planar projection images of the field of view (FOV) are 

acquired in a complete, or sometimes partial, arc. This procedure varies from a 

traditional medical CT, which uses a fan-shaped x-ray beam in a helical 

progression to acquire individual image slices of the FOV and then stacks the 

slices to obtain a 3D representation (Scarfe and Farman, 2008) (Figure 1.12). 

 

 

Figure 1.12:X-ray beam projection scheme comparing acquisition geometry of conventional or ‘‘fan’’ beam (right) 

and ‘‘cone’’ beam (left) imaging geometry and resultant image production. In cone-beam geometry (left), multiple 

basis projections form the projection data from which orthogonal planar images are secondarily reconstructed. In 

fan beam geometry, primary reconstruction of data produces axial slices from which secondary reconstruction 

generates orthogonal images. The amount of scatter generated (sinusoidal lines) and recorded by cone-beam 

image acquisition is substantially higher, reducing image contrast and increasing image noise. (Scarfe and 

Farman, 2008) 
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1.8.2. Advantages of Cone-Beam CT in dentistry: 

A- Rapid scan time 

Because CBCT acquires all projection images in a single rotation which is 

desirable because artifact due to subject movement is reduced. Computer time 

for data set reconstruction, however, is substantially longer; it varies, depending 

on field of view (FOV), number of basis images acquired, resolution, and 

reconstruction algorithm, and may range from approximately 1 minute to 20 

minutes (Scarfe and Farman, 2008). 

B- Beam limitation 

Collimation of the CBCT primary x-ray beam enables limitation of the x-

radiation to the area of interest. Therefore, an optimum FOV can be selected for 

each patient based on suspected disease presentation and region of interest. it 

provides dose savings by limiting the irradiated field to fit the FOV (Scarfe and 

Farman, 2008). 

C- Image accuracy 

CBCT imaging produces images with sub millimeter isotropic voxel resolution 

ranging from 0.4 mm to as low as 0.076 mm. Because of this characteristic, 

subsequent secondary (axial, coronal, and sagittal) and multiplanar reformation 

(MPR) images achieve a level of spatial resolution accurate enough for 

measurement in maxillofacial applications where precision in all dimensions is 

important, such as implant site assessment and orthodontic analysis (Scarfe and 

Farman,2008). 

D- Reduced patient radiation dose  

CBCT provides an equivalent patient radiation dose of 5 to 74 times that of a 

single film-based panoramic x-ray. Patient positioning modifications (tilting the 

chin) and use of additional personal protection (thyroid collar) can substantially 

reduce the dose by up to 40%. Comparison with patient dose reported for 
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maxillofacial imaging by conventional CT indicates that CBCT provides 

substantial dose reductions of between 98.5% and 76.2% (Scarfe and Farman, 

2008). 

E- Multiplanar reformation 

Because of the isotropic nature of the volumetric data sets, they can be 

sectioned nonorthogonally. Most software provides for various nonaxial 2D 

images, referred to as MPR. Such MPR modes include oblique, curved planar 

reformation (providing ‘‘simulated’’ distortion-free panoramic images), and 

serial transplanar reformation (providing cross-sections), all of which can be 

used to highlight specific anatomic regions and diagnostic tasks, which is 

important, given the complex structure of the maxillofacial region( Scarfe and 

farman,2008). 

1.8.3. Applications: 

Currently, CBCT is used most commonly in the assessment of bony and dental 

pathologic conditions, including fracture; structural maxillofacial deformity and 

fracture recognition; preoperative assessment of impacted teeth; and 

temporomandibular joint imaging; and in the analysis of available bone for 

implant placement  and in implant planning to fabricate surgical models to 

facilitate virtual implant placement; to create diagnostic and surgical implant 

guidance stents and even to assist in the computer-aided design and 

manufacture of implant prosthetics(Scarfe and farman,2008). 
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1.9. Concept of Guided Bone Regeneration: 

The concept of Guided Bone Regeneration (GBR) advocates that regeneration 

of osseous defects is predictably attainable via the application of occlusive 

membranes, which mechanically exclude non-osteogenic cell populations from 

the surrounding soft tissues, thereby allowing osteogenic cell populations 

originating from the parent bone to inhabit the osseous wound (Retzepi and 

Donos, 2010). 

Guided bone regeneration (GBR) was introduced as a therapeutic modality 

aiming to achieve bone regeneration, via the use of barrier membranes (Dahlin 

et al, 1989). The concept of creating a secluded anatomic site with the aim to 

promote healing was first introduced 50 years ago, when cellulose acetate filters 

were experimentally used for the regeneration of nerves and tendons (Bassett et 

al, 1956; Ashley et al, 1959). In the craniofacial region, successful results have 

also been reported following the placement of mechanical barriers over jawbone 

defects in rabbits (Kahnberg, 1979) and over cranial defects  in rats (Melcher, 

1969). These experimental studies provided significant evidence that bone 

regeneration is significantly enhanced when the invasion of soft tissue into 

osseous defects is mechanically impeded. However, in these early studies, most 

authors attributed the success of the barriers to the preservation and protection 

of the blood clot rather than to the colonization of the secluded space created by 

osteogenic cell populations (Retzepi and Donos, 2010). 

In the mid 1980s, the Guided Tissue Regeneration (GTR) principle was 

introduced, according to which, regeneration of a certain type of tissue is 

achieved when cells with the capacity to regenerate the particular type of lost 

tissue are allowed to populate the defect during healing (Nyman et al, 1982; 

Gottlow et al, 1984). 
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1.9.1. GBR therapeutic protocol: 

The GBR therapeutic protocol involves surgical placement of a cell occlusive 

membrane facing the bone surface, in order to physically seal off the skeletal 

site in need for regeneration (Dahlin et al, 1989). Furthermore, the membrane 

creates and maintains a secluded space, thus providing an environment to the 

osteoprogenitor cells, which is permissive for recruitment and proliferation of 

osteoprogenitor cells, differentiation along the osteoblastic lineage and 

expression of osteogenic activity (Linde et al, 1993; Karring et al, 1993).  

Various non-resorbable and resorbable membrane materials have been used in 

experimental and clinical studies in the context of GBR treatment. The desirable 

characteristics of barrier membranes utilized for GBR therapy include 

biocompatibility, cell occlusion properties, integration by the host tissues, 

clinical manageability and space making ability (Karring et al, 1993). Expanded 

polytetrafluorothylene (e-PTFE) has been the most frequently used material for 

periodontal and bone regeneration. It resists microbiological and enzymatic 

degradation and does not elicit immunologic reactions (Becmeur et al, 1990). E-

PTFE membranes have been widely applied in periodontal and bone 

regeneration, because it was documented that their use predictably leads to 

successful GBR treatment results (Ha¨mmerle & Jung, 2003). 

 The non-degradable barrier membranes do not undergo solubilisation when 

placed in the living body; hence they require a second surgical intervention in 

order to be removed. This disadvantage led to the development of biodegradable 

membranes. Several biodegradable materials have been tested with varying 

success in periodontal and/or bone regeneration, including collagen type I, 

polyurethane, polyglactin 910, polylactic acid, polyglycolic acid, polyorthoester 

and different copolymers of polylactic and polygalactic acid (Sandberg et al, 

1993; Zellin et al, 1995; Brunel et al, 1998).  



CHAPTER ONE                            REVIEW OF LITERATURE 45 

 

When inserted in an aqueous environment, such as a biological system, the 

biodegradable polymers undergo four stages of degradation, namely hydration, 

strength loss, loss of mass integrity and solubilisation via phagocytosis. It may 

be therefore concluded that the barrier function duration is not strictly controlled 

and that the resorption process may possibly interfere with the wound healing 

and bone regeneration process. Therefore, although the launch of bioresorbable 

membranes eliminated the need for membrane removal surgery, thus 

simplifying the surgical protocols and improving the cost-effectiveness, it has 

been suggested that the e-PTFE membranes should serve as the gold standard 

for comparing the results obtained via the use of new materials (Ha¨mmerle and 

Jung, 2003). 
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CHAPTER TWO 

Patients and Methods 

 

2.1. Study Type: observational case series study. 

2.2. Study Design: A Prospective, clinical trial investigating a new technique 

of sinus augmentation procedures (up to our knowledge 1st time in Middle East). 

2.3. Study Setting: Department of Oral and Maxillofacial Surgery /College 

of Dentistry/Hawler Medical University /Erbil. 

2.4. Study period: the study extended from February 2012 to March 2013 

including data collection & entering, analysis and finality. 

2.5. Patients selection: 

Fifteen patients including (11) males (73.3%) and (4) females (26.3%) with a 

mean age of (44.4) (range from 28 to 66) were consecutively included in this 

study.  

2.5.1. Inclusion criteria: 

• Demanding of implant(s) treatment in the maxillary posterior region. 

• Residual bone height of ≥ 3mm - <8 mm.  

• Crestal Bone width of at least 4 mm in estimated implant positions. 

• Healthy sinuses as judged from clinical and radiographic examinations. 

• Have a good oral hygiene condition. 

• Medically fit patient 
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2.5.2. Exclusion criteria: 

•  Unhealthy patients, with a history of recorded medical diseases such as:     

uncontrolled diabetes mellitus, osteoporosis. 

• Patients Treated with anticoagulation medication. 

• Patient with a history of Chemotherapy or Radiotherapy treatment. 

•  Maxillary sinus pathology. 

•  Achievement of adequate primary stability of the implant in the residual   

bone was not possible. 

•  Creation of a closed compartment not possible (i.e., impossible to repair 

or close extensive sinus membrane perforation). 

2.6. Data collection:  

The data were obtained by a direct interview with the patients themselves using a 

questionnaire designed by the researcher. The demographic information and the 

personal data of each patient like name, sex, age, full address, and patient 

contact number were recorded preoperatively by filling a case sheet (Appendix 

I). The study purpose was explained to all patients, and informed consent was 

taken from each patient. 

2.7. Patients assessment:  

The exchange of information between patient and doctor at the first 

interview of patients provides introductory insight into the factors motivating 

the patients to seek a specific type of treatment. 

2.7.1. Clinical examination: 

Visual and digital examination of the oral cavity was made which 

included attention to the soft tissue cover of the residual ridge. A clinical 

examination was made with reference to occlusion and interocclusal distance 

between the opposing teeth (natural or prosthesis) or ridge and the edentulous 

posterior maxilla. 
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2.7.2. Radiological examination: 

Preoperatively an orthopantomogram (OPG) was made for every patient for 

measuring the residual bone height to decide whether crestal approach or 

lateral osteotomy window will be done. Measurements of RBH were made by 

a computer software program/ easyDent V4 viewer program copyright©2008/ 

VATECH/KOREA. Measuring the residual bone height done by tracing the 

panoramic radiograph, where the bone margin of the upper maxillary 

alveolar process was traced, together with the lower margin of the maxillary 

sinus floor. To calculate the residual bone height prior to surgery, a vertical 

line was traced at the intended implant site from the bone margin of the 

upper maxillary alveolar process to the floor of the maxillary sinus (Figure 

2.1). Magnification of the view was taken in consideration during 

measurement by using calibration option available in the easyDent program. 

The available bone height inferior to the maxillary sinus ranged from 3mm 

to 7.8mm.The radiographic views were also checked for any pathological 

lesion in the bone and in the area of operation.  

 

Figure 2.1: preoperative radiographic examination (O.P.G). 
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2.7.3 Diagnostic Cast and surgical template:   

It was very essential for treatment planning to develop diagnostic cast for the 

cases. Alginate impression had been taken and stone cast was made and 

surgical template constructed. The final prosthesis design, optional abutment 

number and location, occlusal scheme, and implant angulation have been 

determined. The surgical template is fabricated to facilitate ideal fixture 

placement (Figure 2.2). 

 

 

Figure 2.2: surgical stent with plastic pin for ideal implant positioning. 

 

2.8. Preoperative care and medication: 

All the patients were undergone scaling, root planning and oral hygiene 

instructions to provide an oral environment more favorable to wound healing. 

The patients were given 0.2% chlorhexidine mouth wash (Corsodyl / UK)   to 

be used one day before the surgery, Preoperative antibiotic was administered 

orally 1h before surgery; patients routinely received 1g of Augmentin (Al-

hikma pharmaceutical, Amman, Jordan)( Misch, 2008).    

No patient reported a history of penicillin allergy. 
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2.9. Surgical instruments and Armamentariums: 

The surgical instruments are shown in (Figure 2.3), equipments and 

armamentariums used in the present study are listed in the following Tables. 

Table 2.1: Equipments. 

Dental Implant Motor DUAL 2000/ ITALY 

Drill Foot Dental Unit Quint 7000/ FINLAND 

Periapical X-Ray Device Planmeca Intra / FINLAND 

Panoramic X-Ray Device Pax-400Pano/ KOREA 

CBCT Scan Device NewTom 3G / ITALY 

 

Table 2.2: Armamentariums. 

Chlorhexidine Gluconate  0.2%     Corsodyl / UNITED  KINGDOM 

Surgical Gloves        Biogel/SWEDEN 

Iodine Solution Povidone iodine 4% /SYRIA 

Local Anesthesia        (lidocain with adrenaline 1:80000 
Septodent -FRANCE) 

Normal Saline                      (Jilfar/ UAE) 

Proline Suture 4/0           Dogsan/TURKEY 

Black Silk Sutures (3/0)  (Ethikon,CHINA) 

Biologic Membrane               (GenDerm/Brazil) 

Disposable Syringe  Genject/TURKEY 

Disposable Dental Needle Septodent /FRANCE 

Disposable Sterile Dental Implant Set Broche/TURKEY 
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Figure 2.3: surgical instruments. 

 

2.10. Surgical technique selection criteria: 

Lifting of the membrane done either via lateral osteotomy window or via 

crestal osteotomy approach depending on the amount of the residual bone 

height as illustrated in Table (2.3) (Jensen et al, 1998). 

 

Table 2.3: Criteria for surgical technique selection. 

Residual bone height (RBH) Technique 

≥ 3 mm-  < 6 mm Lateral window technique 

≥ 6 mm - < 8 mm Crestal osteotomy technique 
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2.11. Surgery: 

2.11.1. Patient preparation: 

Draping was done for the patients covering all parts of the body exposing 

only area of the face around the mouth which is painted by povidone iodine 

antiseptic (for about two minutes). 

The preparation of surgical site is important to reduce contamination by the 

patient's own normal flora. For intraoral preparation of the surgical site 

chlorhexidine 0.2% mouth rinse was used.  

2.11.2. Anesthesia: 

All the patients operated under local anesthesia (lidocain with adrenalin 1:80000 

Septodent -France).  

2.11.3. Incision and reflection: 

Flap incision was done by using No. 15 surgical blade. In the lateral 

osteotomy technique (open method), a full-thickness crestal incision slightly 

palatal to the crest of the ridge to be sure that the implant will not be in the 

line of incision or in the way of suture (Figure 2.4). This incision may extend 

from the tuberosity to the distal of canine (depending on the position and 

numbers of teeth to be implanted). Two vertical releasing incisions were 

made; one at the anterior end, the second at the posterior end of the crestal 

incision for approximately 1cm then the laterally based mucoperiosteal flap 

was reflected to expose the alveolar crest and the lateral aspect of maxilla. 

The anterior and posterior vertical releasing incisions should be at least l cm 

away from the anterior and posterior walls of the lateral osteotomy window 

respectively .The flap, that was reflected sufficiently, provides good vision 

and access to the totality of the lateral wall of maxilla. All fibrous tissue 

removed from the lateral wall (by curette) to avoid soft tissue contamination 

of the region. The flap was designed with a wider base (Misch, 2008). 
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Figure 2.4: Crestal incision 

 

2.11.4. Access window (lateral osteotomy technique): 

 The outline of the lateral access window was scored on the bone with 1.8 mm 

diamond round bur and rotary instrument at high speed (10000 RPM) under 

copious sterile saline for cooling. The most superior aspect of the lateral 

access window should be approximately 5mm below the superior aspect of 

the soft tissue reflection. The inferior margin of the created window was 

always at least 5mm above the sinus floor in order to maintain a three-wall 

compartment .Once the lateral osteotomy window preparation was completed 

(Figure 2.5); Sinus membrane periosteal elevators (Dentium Advanced Sinus 

Lift Set) (Figure 2.3) are introduced along the margins of the window. The 

elevator was slided along the bone in three sides of the window, anterior, 

inferior and posterior. This ensures the release of the membrane (without 

tearing) from the sharp bony access margins. The elevator was felt against the 

sinus floor or walls at all times. 

Care should be taken to leave the lining mucous membrane intact. 

Subsequently, the sinus membrane and the mobile part of the lateral sinus 

wall, were rotated medially and upwards to create a discrete cavity on the 

superior aspect of the residual alveolus (Misch, 2008).  
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Figure 2.5: Lateral osteotomy window preparation completed an arrow shows the sinus 

membrane. 

 

2.11.5. Crestal osteotomy technique:  

Steps of implant site preparation were done in an ordinary manner. Site 

preparation is performed with twist drills in sequence up to 1mm short of the 

sinus floor (Figure 2.6). After final drilling, the remaining bone (1mm) either 

removed by thinning-out technique using DASK Drill #1or #2 until a slight 

drop felt (Figure 2.7), or fractured by an osteotome to make a greenstick 

fracture (Figure 2.8). then the dome-shaped sinus curette used to gently lift 

the sinus membrane  ,where in most of the cases the membrane lifted up to 4 

mm as measured by the curette itself (Figure 2.9 and 2.10) (Misch, 2008).  
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Figure 2.6: implant site prepared 1 mm short of the sinus floor (RBH was 7.5mm, implant 

site prepared to a length of 6.5 mm) 

 

 

Figure 2.7: The remaining (1mm) of bone thinned out by using DASK Drill #1or #2 until a 

slight drop felt. 
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Figure 2.8: the remaining sinus floor Fractured by an osteotome. 

 
Figure 2.9: Dome-shaped curette was used to elevate the sinus membrane. 

 

 

Figure 2.10: Sinus membrane lifted up to 4mm. (the final implant length was 11.5 mm). 
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2.11.6. Implant placement:  

Type oft the implant system that used in the present study was: 

Ritter implants R Ivory line R (Ritter-Germany) (Figure 2.11). 

The implantation achieved simultaneously at the same time of sinus lift (one 
stage procedure). The implant site preparation and placement done with Ritter 
instruments (surgical set) in an ordinary manner and easy handling.  

The conical design oft he Ritter implant which includes microthreads on the 
coronal part, macrothreads of the implant body and the self taping threads of the 
apical part (figure 2.12) allows very good and quick osteointegration  with high 
primary stability.  

Also the sand blasted and acid etched surface oft he Ritter implant leads to 
minimal crestal bone loss because of very good osteointegration. The rounded 
shape of the apical part oft he implant allows the performance of a close sinus 
lifting with the implant itself and reduces damage of the membrane while 
inserting the implants during an open sinus lift. 

To obtain additional primary implant stability in case of small remaining level 

of vertical subantral bone. Smaller drill size used than the intended implant 

size. Primary stability was obtained for all implants. 

 

Figure 2.11: Ritter implant surgical set (www.ritterimplants.com) 
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Figure 2.12: Features of the Ritter implant fixture. (www.ritterimplants.com) 

In case of lateral osteotomy technique, the membrane of the sinus was 

maintained in the elevated position away from the bur during implant placement 

by the aid of periosteal elevator (Figure 2.13). 

 

Figure 2.13: Implant site preparation, the sinus membrane is protected by a periosteal 

elevator. 
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Fig 2.14: Implant in place and the sinus membrane tented by the implant. 

 

2.11.7. Subantral Coagulum Formation:  

In the present study Instead of using graft material, the space around the 

implants under the sinus membrane in the sinus floor had been filled with 

blood that where collected from the surrounding bleeding (Figure 2.15, 2.16). 

The mucoperiosteum of the medial wall of the antrum is consistently elevated 

to the height of subantral augmentation. This provides an additional wall for 

help in new bone formation in the region. 

 

Figure 2.15: implant protruded inside the sinus cavity. 

 

CHAPTER TWO                        PATIENTS AND METHODS 60 
  

 

Figure 2.16 :( a) clinical photo shows the protruded part of implant covered by blood clot. 

(b) And (c) are reconstructed 3D images, white arrows shows the implant coverage by 

blood clot.  

2.11.8. Membrane placement: 

After filling the created cavity with blood, a reabsorbable barrier collagen 

membrane (GenDerm/Brazil) placed over the lateral osteotomy window to act 

as a biological barrier impeding the invagination of the soft tissues (Figure 

2.17). 
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Figure 2.17: Barrier membrane covers the lateral osteotomy window. 

 

 

2.11.9. Suturing: 

Simple interrupted suturing (4/0 prolene) or a vertical mattress suturing was 

done. 

 

Figure 2.18: Simple interrupted suturing of the flap. 
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2.12. Postoperative care: 

2.12.1. Postoperative instructions: 

The postoperative instructions are similar to those for most minor oral surgical 

procedures that include sinus manipulation. Smoking is a consideration, as it 

may compromise the healing from both intraoral and subantral graftless region. 

Blowing the nose and/or creating negative pressure while sucking through a 

straw or cigarette, should also be eliminated for the 1st week following the 

surgery. Coughing, if it occurs, should be done with the mouth open to relieve 

pressure within the sinus. 

2.12.2. Postoperative medications: 

For all the patients the same drugs were prescribed for standardization (Misch, 

2008).  

1-Amoxicillin-clavulanate (Augmentin) 825 mg/125 mg (Al-hikma 

pharmaceutical, Amman, Jordan) (1 tablet bid for 5 days). 

2-Olfen tab (Diclofenac sodium) 50 mg (Mepha Ltd., Aesch –Basel, 

Switzerland)   (1tablet after meal tid for 3 days). 

3-Lacalut mouthwash (lacalut co., Hamburg, Germany) tid for two weeks. 

4- Nasordin Nasal decongestant (oxymetazoline HC1 0.05%) 2-3 drops to 

each nostril bid for 5days. 

2.13. Healing period: 

The sutures removed after 10 days. One month postoperatively, the edentulous 

patients were allowed to wear their dentures (partial or complete), which were 

relieved at the operated regions. The time required before stage II surgery and 

gingival former placement was not less than 6months and is adequate for the 

primary bone healing around the implant (Lundgren et al, 2004; Bragger et al, 

2004).  
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2.14. Follow-up: 

The evaluation of patients depends on repeated clinical and radiographical 

examinations. 

2.14.1. Clinical examinations: 

Clinical postoperative examinations were made after 2, 4 weeks and after 3 

months and prior to gingival former operation as well as after completing the 

prosthetic treatment and 6 months after loading the implant. 

Clinical examinations included assessment of gingival status, peri-implant 

status, dental hygiene, implant mobility and taping on the fixture at the time of 

gingival former placement.  

2.14.2. Radiographic examinations: 

Radiographic examinations were performed immediately postoperatively, 

6months after the surgery and 6 months after prosthetic rehabilitation. The types 

of radiographs that were used include periapical film, OPG and CBCT. The 

radiographic examinations, which the statistical analysis depended on, are 

immediately postoperative, 6 months after surgery and 6months after loading. 

2.14.2.1. Radiographical analysis: 

The aims of the radiographic analysis were to determine on consecutive 

radiographs, (1) the average residual bone height preoperatively, immediately 

after implant placement and 6 months postoperatively (2) The change in the 

crestal peri-implant bone level.  

2.14.2.1. A. Measuring of endosinus bone gain: 

 All the patients had been sent to take  a CBCT one day following the surgery to 

assess the clot formation in the created cavity and to measure the distance of 

vertical  bone height from coronal reference point (implant shoulder) to the 

most apical implant-sinus floor contact (measure X) (Figure 2.19a). 
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Measurements were done at the mesial, distal, buccal and palatal aspect of each 

implant and their average was taken. 

After 6 months healing period, another CBCT was taken. The distance of bone 

height from coronal reference point to the most apical implant-sinus floor 

contact was measured again (measure Y) (Figure 2.20). 

An increase in the distance between the value of bone height that measured 

immediately postoperatively (measure X) and between the one that measured 

6months postoperatively (measure Y) indicated endo-sinus bone gain. 

 

 

Figure 2.19: CBCT scan images taken immediately postoperatively: (a) cross section view 

shows the sinus membrane tented by the implant and the created cavity filled with blood clot. 

(b) Reconstructed 3D view (upside down view inside the sinus) white arrow shows the 

implant covered completely by the blood clot. 
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Figure 2.20: CBCT scan image taken 6months postoperatively: cross section view shows new 

bone formation all around the implant. 

 

These measurements were done by a computer program (NNT viewer/Software 

Version 3.10/ Verona/ Italy).the images that have been depended on for the 

radiographical analysis are a Sequence of Cross Sections which are a series of 

single cross sections, perpendicular to a traced path (Figure 2.21). The height of 

each section is the same as the height of the volume.  

 

Figure 2.21: sequence of cross sections (NNT viewer software). 
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The width, thickness and distance between each section can vary. As shown in 

Figure (2.22). 

 

Figure 2.22: “Analysis setup” window appears allowing changing the parameters for the 

Sequence of Cross Sections. (NNT viewer software). 

 

The parameters for the Sequence of Cross Sections used in the present study 

were: 

a) Width: 50 mm. 

b) Thickness: 5 mm. 

c) Step: 1 mm. 

To improve the image analysis, image-enhancement operations including 

sharpening, brightness, contrast, and gamma adjustments were performed when 

necessary. 
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The CBCT scan was done by NewTom 3G  Cone Beam imaging system (AFP 

Imaging Company® Italy) that provides three fields of view, 6", 9", and 12" 

(cephalometric), available in one machine (Figure 2.23).NewTom 3G offers the 

largest FOV and reconstructed volume (20cm diameter sphere), while offering 

the option to select smaller regions of interest. From one low-dose NewTom 3G 

scan, an unlimited number of diagnostic images are created: cephalometrics, 

panoramics, cross-sectionals, axials, sagittals, coronals and 3D images. 

The settings used for CBCT imaging were :( FSV: 110 Kv, 5.86 mA; SSV: 110 

Kv, 2.15 mA; Exposure Time: 6.5s, mAs: 25.96; Detector field (FOV): six 

inches.  

 

 

Figure 2.23: NewTom 3G Device. 
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2.14.2.1. B. Measuring of the Marginal Bone Level (MBL): 

Measurements of MBL were performed in digitized radiographs using a specific 

software application (easyDent Version 4 viewer program copyright©2008/ 

VATECH/ KOREA). Marginal (MBL) bone levels were measured at the mesial 

and distal aspects of each implant using the implant/abutment junction (A/F) as 

a reference point to the most coronal bone –implant junction. Measurements 

were performed on an intraoral radiographs (Planmeca intra/Helsinki/Finland), 

using a paralleling periapical technique, after surgery (baseline), after 6 month 

of healing and after 6 months of loading. A decrease in this vertical distance 

between the reference point and the most coronal bone–implant contact on 

consecutive radiographs indicated a crestal bone loss (CBL). An increase in this 

distance indicated a crestal bone gain 

2.14.3 Evaluation of success or failure of the implants: 

2.14.3.1 Torque measurement: 

After 6 months, implants were exposed by doing a crestal incision over the 

healing screw. The universal torque ratchet was used to measure the stability of 

the implant instead of Resonance Frequency Analysis because of unavailability 

of the device. Implants should resist abutment tightening at 35 Newton 

/centimeter without rotation, when performed after a standard time of 6months 

of healing (Nedir et al, 2006). 

2.14.3.2 Evaluation of success criteria: 

Success in dental implantation can be evaluated using various criteria, and the 

most widely used are those proposed by (Albrektsson et al, 1986), and in the 

present study the following factors are evaluated after 6 months to determine 

primary success criteria;  

1- Mobility; horizontal mobility not more than 1 mm (assessed manually by the 

physician). 
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2- Generalized peri-implant radiolucency; (assessed by periapical 

radiographs) if radiographic interpretation showed radiolucent region around 

an implant it’s either; 

A- Represents the presence of fibrous tissue and warrant implant removal. 

B- Uncontrolled progressive bone loss (In general, if more than one third of the 

implant height had lost crestal bony contact).  

3- Absence of persistent and/or irreversible signs and symptoms such as; 

a- Any pain; pain during percussion or tenderness on palpation or as reported 

verbally by the patient. 

b- Infection (assessed clinically by the physician). 

2.15. Prosthetic rehabilitation:  

After an average of 6 months healing period, implants were exposed through a 

crestal incision in the mid crestal area and healing abutments were connected 

(for two weeks) and then routine prosthetic procedures were done for the 

patients.    

2.16. Statistical analysis: 

Data were analyzed using the statistical package for social sciences (SPSS ver. 

18). Student’s t test for two independent samples was used to compare between 

means. 

Correlation coefficient (r) was calculated in order to estimate the strength of 

correlation between two numerical variables. When the r value was between 

0.7-1 it is was considered as strong correlation, and when it was between 0.4-

0.7 it was considered as moderate correlation and if it was less than 0.4 it was 

considered a weak correlation. When p value is equal or less than 0.05 it was 

considered statistically significant.  
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CHAPTER THREE 

RESULTS 

The results of the clinical and radiographical examinations for the operated 

patients were collected throughout 12 months of follow up. 

3.1. Clinical results: 

During the study period, 18 sinus lift procedures were carried out in 15 

patients, 15 sinus lift procedures (83.3%) done via lateral osteotomy window 

and 3 sinus lift procedures (16.7%) done via crestal osteotomy approach. in 

12 patients sinus lift procedure done unilaterally, in 3 patients sinus lift 

procedure done bilaterally. A total of 27 implants were inserted into 18 

graftless maxillary sinus floors using sinus lift procedures. The implants used 

in this study varied in lengths from 10-16 mm.  

 All patients were free from any systemic disease. 14 patients were non-smokers 

(93.3%), and only one was smoker (6.7%). 

All patients tolerated the graftless sinus lift procedure under local anesthesia.  

Only one implant (3.7%) had been lost before stage II surgery yielding a 

survival rate of 96.3%.  All the other implants (26) were functioning and stable 

and had a high percussion sound and showed no signs of loosening during the 

6months post load follow-up period as verified by clinical and radiographical 

examinations. The soft tissue surrounding the implants looked healthy without 

signs of inflammation. 

 

 

 



CHAPTER THREE                      RESULTS   71 

 

3.2. Complications: 

No patient suffered acute complications of the maxillary sinus, except for 

intermittent epistaxis during the first day following the surgery. This occurred in 

two patients (13.3%) and disappeared during 2
nd

 -3
rd

 postoperative day. 

Pain of mild to moderate intensity was experienced during the first 

postoperative week and treated by the prescribed analgesics. Mild Swelling 

occurred in all patients at area of operation which resolved gradually within 4-5 

days postoperatively. 

In 2 out of 18 sinus lift operations (13.3 %) minor visible perforations of the 

membrane were observed during the operations which are treated by a biologic 

collagen membrane coverage of the perforation sites and no postoperative 

complications were observed. 

One patient (6.7%) had small pin point pus collection at the area of suture line 

that was treated by drainage and antibiotic coverage for one week.  

 

Table 3.1: complications of sinus lifting surgery.  

Type of complication No. of patients % Treatment 

Intermittent nasal bleeding 2 13.3 - 

Minor perforation 2 13.3 Membrane coverage 

Localized abscess 1 6.7 Drainage+antibiotic 

 

3.3. Radiological results: 

Tomographic examinations (CBCT) indicated no signs of pathologic changes in 

the maxillary sinus region, except for one patient who developed membrane 

thickening of the bilaterally Lifted sinuses. 

The mean residual bone height preoperatively was 4.96 ±1.64 with a range of 

3.0 mm to 7.8mm. 
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The average protrusion length of implants to the sinus was 5.92±2.15mm with a 

range of 1.9mm to 10.15mm. 

Measurements of the changes in the endosinus bone level at the mesial, distal, 

buccal and palatal sides showed that all implants gained endo-sinus new bone 

formation (Figure 3.1). 

 

Figure 3.1: CBCT images: TOP: immediate postoperative cross sections views, white arrows 

shows the level of anchoring residual bone height both mesiodistally (a) and buccopalatally 

(b), red arrows shows the lifted membrane. BOTTOM: 6months postoperative cross section 

views, green arrows show the level of new formed bone around the implant both 

mesiodistally (c) and buccopalatally (d). (e)  Reconstructed 3D image (upside down view 

inside the sinus) green arrow reveals new bone formation at the apex of implant 

buccopalatally. 
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 Radiographic examinations (OPG, periapical radiographs, CBCT scanning) all 

revealed new bone formation around the implants. The amount of bone gained 

was 3.11± 1.7 mm six month after the surgery with a range of 0.425mm to 

9.3mm. 

The mean bone gained at the buccal side was 3.42± 2.07 mm, and it was more 

than that of the palatal side 3.63± 1.76 mm (p=0.484). 

The mean bone gained at the mesial side was 2.79±2.26mm and it was more 

than that of the distal side 2.53±2.14mm (p=0.165) Table (3.2). 

There was statistical significant difference between the mean bone gained 

buccopalatally (3.531± 1.76mm) and the mean bone gained mesiodistally 

(2.663± 2.15mm) (p=0.010) Table (3.3). 

 

Table 3.2: Comparison between the mean bone gain buccally, palatally, mesially and 

distally. 

 Mean 

mm 

SD t p 

mean bone gain 

Buccally 

3.426 2.07  

0.710  

 

0.484 

mean bone gain 

palatally 

3.637 1.76 

mean bone gain 

mesially 

2.793 2.2624  

 

1.428 

 

 

0.165 mean bone gain 

distally 

2.533 2.1500 
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Table3.3: Comparison between the mean bone gain buccopalatally and mesiodistally. 

 Mean 

mm 

SD t p 

mean bone gain 

Buccopalatally 

3.531 1.7639  

2.775 

 

0.010* 

mean bone gain 

Mesiodistally 

2.663 2.1559 

          * Significant.  

 

The mean (±SD) marginal bone level was 0.74±0.71mm after implant surgery, 

1.68±0.87mm at abutment connection and 2.007±0.94mm after 6 months of 

loading.  The mean crestal bone loss was 1.26mm after 12months of the surgery 

as shown in Figure (3.2). 

 

 

Figure 3.2: Marginal Bone Level immediately after the surgery, after 6 months of 

healing and after 6 months of loading. 
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3.4. Prosthetic rehabilitation:  

After an average of 6 months healing period, routine prosthetic procedures were 

done. five patients (35.7%) received single tooth replacement, 8 patients 

(57.1%) received fixed bridge and one patient (7.1%) received full arch bridge.   

3.5. Statistical results:  

3.5.1. Distribution of patients according to age and sex: 

Fifteen patients participated in the present study. The age of the patients ranged 

from 28-66 years with mean age of 44.4years. Eleven patients (73.3%) were 

males and four patients (26.7%) were females. Table (3.4) shows distribution of 

patients by age and sex. 

 

Table 3.4: Distribution of patients by age and sex. 

 No. % 

Age 

< 30 1 6.7 

30-39 5 33.3 

40-49 4 26.7 

50-59 4 26.7 

60+ 1 6.7 

Sex  

Males 11 73.3 

Females 4 26.7 

Total 15 100.0 
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3.5.2. Effect of age on the success rate: 

In the present study there was no statistical significant effect of age on the 

success rate of implants (p=0.563) Table (3.5). 

 

Table 3.5: Six months success rate of implants in relation to patient age. 

 Implant outcome Total 

Age Failed Survived 

< 30 0 1 1 

30-39 0 8 8 

40-49 1 6 7 

50-59 0 9 9 

60+ 0 2 2 

Total 1 26 27 

 

 

3.5.3. Effect of sex on the success rate: 

No significant effect of sex on the success rate of implants was noted (p=0.586) 

(Table 3.6). 

Table 3.6: six months success rate of implants in relation to patients’ sex. 

 Implant outcome Total 

Gender Failed Survived 

male 1 20 21 

female 0 6 6 

Total 1 26 27 
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3.5.4. Distribution of implants by position: 

The implants were placed in the upper left and right maxillary posterior regions. 

The positions of implants used in the present study were in premolar region 

(25.9%), molar region (70.3%) and one (3.7%) in the canine region. As shown 

in Table (3.7). 

Table 3.7: Distribution of implants by position. 

Position* No. % 

15 4 14.8 

16 6 22.2 

17 4 14.8 

23 1 3.7 

25 3 11.1 

26 7 25.9 

27 2 7.4 

Total 27 100 

* Teeth numbering done according to FDI two-digit tooth numbering system. 

3.5.5. Distribution of implants by length: 

The lengths of implants used in the study are shown in Table (3.8).the two most 

commonly used lengths are 10mm and 11.5mm. 

 

Table 3.8: Distribution of implants by length. 

Length/mm Number % 

10 10 37.0 

11.5 12 44.4 

13 4 14.8 

16 1 3.7 

Total 27 100 
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3.5.6. Distribution of implants by their anchoring Residual Bone 

Height and its Correlation with the amount of Bone gain: 

The mean residual bone height was 4.96±1.64mm ranging from 3.0 mm to 

7.8mm. 

The correlation between the residual bone height (RBH) and the amount of bone 

gained was negative weak correlation insignificant statistically (r = - 0.179; p = 

0.371) (Table 3.10). 

Table 3.9: Distributions of observations by their residual bone height. 

RBH  /mm Number Percent 

=  or < 6 20 74.1 

> 6 7 25.9 

Total 27 100.0 

 

 

Table 3.10: Correlation between the amount of bone gain and residual bone height. 

Bone Gain/ 

mm 

RBH / 

mm 

r p 

3.11 4.96 - 0.179 0.371 

            

 

3.5.7. Distribution of implants by their protrusion length into the 

sinus and its Correlation with the amount of bone gain: 

The mean protrusion length of implants into the sinus was 5.92±2.15mm 

ranging from 1.9mm to 10.15mm. Table (3.11) shows distribution of implants 

by their protrusion length into the sinus. 

The correlation between the implant protrusion length and the amount of bone 

gain was positive moderate correlation and significant statistically (r = 0.406; 

p=0.036) (Table 3.12) and (Figure 3.3). 
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Table 3.11: Distribution of implants by their protrusion length into the sinus. 

Protrusion length/ 

mm 

Number Percent 

% 

≤ 5 10 37 

> 5 17 63 

Total 27 100 

 

Table 3.12: Correlation between implants protrusion length and the amount of 

bone gained. 

Bone Gain/ 

mm 

Protrusion length / 

mm 

r p 

3.11 5.92 0.406 0.036 * 

            * Significant. 

 

 

Figure 3.3: scatter plot, shows the correlation of implants protrusion length with the 

amount of bone gain(r=0.406, P=0.036). 
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3.5.8. Distribution of implants by method of sinus lift: 

Twenty implants (74.07%) were inserted into the maxillary posterior region via 

lateral osteotomy approach and seven implants (25.93%) were inserted via 

crestal osteotomy approach. The mean bone gained around the implants that 

were placed via lateral window was 3.35±1.96mm. The mean bone gained 

around the implants that were placed via crestal method was 2.42± 

0.756mm.There was no statistically significant difference between the amount 

of bone gained via the lateral method compared with that gained in the crestal 

method (p=0.241) (Table 3.13). 

 
 

Figure 3.4: Distribution of implants by method of sinus lift procedure. 
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Table 3.13: comparison of bone gain between lateral and crestal sinus lift 

procedure 

Operation 

method 

No. of 

sinuses 

N Mean/bone gain 

mm 

SD t P 

value 

lateral 

approach 

15 20 3.35 1.96  

1.201 

 

0.241 

Crestal 

approach 

3 7 2.42 0.756 

 

3.5.9. Effect of sinus membrane perforation on the amount of 

bone gain: 

Twenty three implants (85.2%) were inserted into non perforated sinuses and 

only four (14.8%) implants were inserted into perforated sinuses. The mean 

bone gain in those of the non perforated sinuses was 2.98±1.81mm whereas in 

the perforated sinuses  it was 3.831±1.477mm .statistically there was no 

significant effect of membrane perforation on the amount of bone gain 

(p=0.389)(Table 3.14). 

 

Table 3.14: Effect of the membrane perforation on the amount of bone gain. 

Sinus 

perforation 

No. Mean bone 

gain/mm 

SD t *p  value 

Yes 4 3.831 1.477  

0.893 

 

0.389 No 23 2.98 1.81 

* Not significant. 
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3.5.10. Effect of cigarette smoking on the amount of bone gain: 

Twenty four implants (88.9%) were placed in non smoker patients and only 

three implants (11.1%) were placed in a smoker patient. The  mean bone gain in 

the non smoker patients was 3.12+ 1.87 mm whereas  in the smoker patient it 

was 3.01± 0.65mm (p=0.924 ) .no significant effect of cigarette smoking on the 

amount of bone gained was noted  Table (3.15). 

 

Table 3.15: Effect of cigarette smoking on the amount of bone gain. 

cigarette 

smoking 

No. Mean bone 

gain/mm 

SD t *P value 

non smoker 24 3.12 1.87  

0.096 

 

0.924 smoker 3 3.01 0.65 

* Not significant. 
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CHAPTER FOUR   

DISCUSSION 

In a systematic review, Pjetursson et al (2008) concluded that maxillary sinus 

floor augmentation using a lateral approach and various grafting materials is a 

well-documented procedure with good clinical outcomes. Other authors have 

suggested and documented that the mere elevation of the maxillary sinus 

membrane at the time of implant insertion is a successful approach for bone 

reformation and implant survival, both in preclinical (Palma et al, 2006) and 

clinical studies (Ellegaard et al, 1997; 2006; Lundgren et al, 2004; Hatano et al, 

2007; Thor et al, 2007). The technique seems particularly appealing because it 

is relatively simple, little invasive, has low complication risks and requires a 

relatively short healing time. 

The present study  procedure avoided grafting material; it presents the following 

advantages: (1) there is no need for a donor site involving a more or less 

invasive surgical approach and no need to get an allograft of animal origin or an 

alloplastic material, (2) a limited perforation of the membrane may be better 

perceived while the presence of a grafting material decreases the acuity of this 

sensation, (3) in case of membrane perforation, there is no risk of penetration of 

the grafting material in the sinus and (4) the procedure is more affordable 

without compromising implant predictability. On the other hand, the use of a 

filling material permits a larger distension of the membrane and preparation of a 

larger grafted volume that might be better maintained over time.  

4.1. New Bone formation: 

In the present study bone formation was evident around all implants. This result 

is  in accordance with the previous studies in humans ( Lundgren et al , 2003; 

2004; 2008; Hatano et al , 2007 ;Chen et al, 2007; Thor et al , 2007; Sani et al 

,2008; Nedir et al, 2009; Mazor et al , 2009;Balleri et al,2012) and animals 
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(Palma et al, 2006; Cricchio et al, 2009) that all obtained, in a varied range, new 

bone formation in the maxillary sinus augmentation without bone grafts. The 

simultaneous Schneiderian membrane elevation and implants placement 

performed in the present study shows results comparable to the aforementioned 

studies. It is also interesting to note that the bone gain around the implant was 

lower than the mean lifting height obtained during surgery with the implant 

apex that was left uncovered by the regenerated bone. The reason for the 

incomplete ossification of the coagulum space seems to be that implants do not 

provide a lifting action sufficient to completely resist the intra-sinus air 

pressure. As a result, a partial collapse of the membrane and a consequent 

decrease of the amount of regenerated bone are unavoidable. The instability of 

the newly formed bone after elevation of the sinus membrane was already 

described in a rabbit model (Xu et al, 2005). The pressure caused by respiration 

was thought to be the cause of resorption of the new-formed bone during the 

first six weeks after surgery. After six weeks the shrinking process stopped and 

after ten weeks a new cortical border reformed under the elevated membrane 

(Xu et al, 2005).also this is in agreement with (Balleri et al, 2012) who found 

that bone regeneration was less at the distal aspect of the most posteriorly 

placed implant which could be explained by the theory that this surface was 

more exposed for the pneumatization of the sinus. 

There was more bone formation buccallly and palatally than mesially and 

distally. This could be explained by proximity of the protruded part of implant 

to the bony walls (medial and lateral wall) of the sinus and less intra-sinus 

pressure and less membrane collapse at that areas. This is in agreement with 

(Xu et al, 2005).this was obvious in one implant in the present study where the 

implant length was 16mm and there was bone formation buccopalatally up to 

the apex of the implant. 
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The newly formed bone around the implants installed with this technique is 

repeatedly seen on radiographs and resembles the bone seen around natural 

teeth in the maxillary sinus region. 

In general, new bone was more easily distinguished after 6months of load than 

that of the earlier radiographs.It seemed that the longer the follow-up period, the 

easier it was to identify the sinus floor corticalization at the new and higher 

level (Figures in appendix III). This phenomenon is most likely related to 

ongoing bone formation and remodeling, resulting in a denser, more radiopaque 

bone with time (Schenk, 1994). According to Wolff’s law (Wolff, 1892; 

Treharne, 1981), bone changes its microscopic texture as a reaction to 

functional demands. New mineral apposition could therefore occur as a 

physiological reaction to implant functional loading (Romanos et al, 2003; 

Degidi et al, 2005).  

The exact mechanism behind the bone formation in the maxillary sinus is not 

fully understood. The bone formation comes from the bony walls of the sinus, 

similar to an extraction socket (Misch, 1999). The maxillary sinus situation is 

unique in this respect since bone ought to be formed beyond the skeletal contour 

and not in a fracture or defect. 

An important factor in this procedure is superior elevation of the sinus 

membrane to expose the medial wall of the sinus cavity because mesenchymal 

stem cells migrate from the exposed sinus wall. Bone formation requires the 

recruitment, migration, and differentiation of osteogenic cells into osteoblasts. It 

is likely that mesenchymal stem cells migrated from the bone marrow in the 

underlying alveolar bone and, possibly, from tissue fragments displaced during 

surgery into the blood-filled sinus (Lundgren et al, 2004). Another theoretical 

source of bone-forming cells is the periosteum of the lifted sinus membrane, 

which may have contributed to bone formation (Lundgren et al, 2004; Srouji et 

al, 2010). 
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Srouji et al (2009) attempted to explain the formation of bone beneath the sinus 

membrane on the maxillary sinus floor by exploring the osteogenic potential of 

the Schneiderian maxillary sinus membrane as an explanation for the clinically 

observed induction of bone formation. In their first paper from 2009, human 

samples of the membrane were cultured and studied histologically. Flow 

cytometry analysis proved the cells capable of inducing and expressing different 

osteogenic markers including alkaline phosphatase, bone morphogenic protein- 

2, osteopontin, osteonectin, and osteocalcin and of further mineralizing their 

extracellular matrix. Cultured cells and a ceramic mix (HA/β-TCP) were 

combined into a fibrin clot and subcutaneously implanted in thymic nude mice. 

Bone of human origin was seen being formed over the surface of the carrier 

particles after 8 weeks of healing.  

The sinus cavity is filled with blood clots when membrane elevation is 

performed. A blood clot acts as scaffold for new bone formation (Lundgren et 

al, 2004).also the titanium surface of a dental implant has been shown to be 

markedly thrombogenic when studied in vitro. The superior osseointegration 

property of titanium compared with other biomaterials has been attributed to its 

thrombogenic property (Hong et al, 1999). Activation of the coagulation system 

and of platelets is said to have many effects on cell and bone growth (Davies et 

al, 1998). Platelets contain a number of important growth factors, such as 

platelet-derived growth factors (PDGF), insulin-like growth factors, 

transforming growth factors, vascular endothelial growth factors, and fibroblast 

growth factors, which are known to support revascularization and 

osseointegration (Anitua et al, 2004). The local conditions in the sinus with a 

blood clot being formed on the implants may serve as a model where the 

generated thrombin cleaves fibrinogen but also contributes to activation of 

osteoblasts via the proteinase activated receptors (Déry et al, 1998; Thora et al, 

2007) Thrombin generation on the surfaces of titanium implants may also both 
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stimulate proliferation and inhibit apoptosis of osteoblasts (Pagel et al, 2003; 

Thora et al, 2007). 

4.2. Bone formation and its correlation with implant protrusion length:  

Intra-sinus bone formation was a constant finding at all implants sites and the 

mean bone gained six months after implant surgery was 3.11 mm 6 months.  

There was a positive moderate statistically significant correlation between the 

amount of bone gain and the implant protrusion length into the maxillary sinus, 

i.e. the higher the sinus membrane elevation, the more bone was created. This is 

in line with the findings of  (Thor et al, 2007) They found more bone in sites 

with 2.0–5.5mm of residual bone than in sites with more bone and drew the 

conclusion that this was due to longer implant length present in sinuses with 

less residual bone.  

The present study also agrees with (Nedir et al, 2006; Lai et al, 2010; Borges et 

al, 2011) who found a good correlation between the amount of bone gained and 

implant protrusion length. A longer protruding length of the implant may lead to 

a better tenting effect and may provide more space for bone formation; 

however, it increases the risk of sinus membrane perforation. 

The present study disagrees with the experimental study by (Sul et al, 2008) 

who found that the length of implant protrusion into the sinus cavity after sinus 

membrane elevation was not related to the height of new bone in the sinus. 

The present study also disagrees with the study by (Balleri et al, 2012) where 

they found that the height of membrane lift was not correlated with the amount 

of regenerated bone. 

4.3. New bone formation and its correlation with RBH: 

The present study found weak negative correlation insignificant statistically 

between the amount of bone gain and the remaining residual bone height. This 

is in agreement with finding of (Lai et al, 2010) who found that there was no 

significant correlation between RBH and endo-sinus bone gain. The result of the 

CHAPTER FOUR                                  DISCUSSION 88 
 

present study disagree with the result of (Nedir et al, 2006) who found a strong 

correlation between higher endo-sinus bone gain and reduced RBH observed on 

the mesial and distal sides. Our findings disagree with (Thor A et al, 2007) who 

concluded that greater bone formation was related to lower preoperative bone 

height in the subantral region .The difference may be explained by the different 

statistical methods. 

4.4. Residual bone height and Primary stability: 

The average height of the bone bellow the maxillary sinus floor before surgery 

was 4.96±1.64 mm with a range from 3.0 to 7.8mm. After the initial experience 

with the technique, it was possible to insert implants with a sufficient primary 

stability in sites where the residual bone height was even 2mm .this in 

agreement with (Nedir et al, 2009) who confirms that the minimal requirement 

for achieving primary stability is the presence of a cortical bone layer. 

This is also in accordance with (He et al, 2011) study who showed that it was 

possible to achieve implant stability even when the available bone height was 

limited down to 4–5 mm. where an Expansion-osteotomes were used instead of 

drills to condense the surrounding bone when the bone quantity was poor. 

Implants could be placed deeper with the flared neck resting against the crestal 

bone which contributed to the achievement of stability. The implant design used 

in the present study also plays an important role in giving the needed stability 

for healing and new bone formation, in addition to the undersized preparation.  

4.5. Surgical procedure:  

In the traditional lateral approach to the maxillary sinus, the bone wall is rotated 

inside the sinus, interposing the elevated sinus membrane and the apical part of 

the implants. This is different to the technique of the present study, where the 

sinus membrane is in direct contact with the implants and the blood clot. In this 

situation, the sinus membrane may play a more direct role in the healing 

process. This in line with (Gruber et al, 2004) who concluded, in an in vitro 
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study, that the sinus mucosa contains mesenchymal progenitor cells and cells 

committed to the osteogenic lineage.  

4.6. Success rate:  

Success was defined as the implant remaining in situ during the entire 

observation period. In this study only one implant (3.7%) had been failed. the 

other implants achieved osseointegration prior to loading and after 6months of 

loading yielding an implant success rate of 96.3%. This percentage is similar or 

higher than the survival rates reported in previous studies for implants placed in 

maxilla without grafting materials (Ellegaard et al, 1997; Jensen et 

al,1998;Lundgren et al, 2003;2004 ; Nedir et al, 2006;  Hatano et al,2007; Thor 

et al, 2007;Sani et al,  2008 ;Chen et al, 2007; Sohn et al, 2008;Fermergård and 

Åstrand,2007; Cricchio et al, 2011; He et al,2011, Borges et al, 2011) those 

found survival rates in their studies between 92.9%-100% . 

In spite of short period of follow up, the results showed the validity of the 

procedure. The high rate of implant success might be due to several factors 

including implants length, the amount of the remaining bone height, implants 

primary stability, good quality of bone. Finally good and highly experienced 

team, proper selection of patients and well-educated and cooperative patients 

were selected to make this procedure successful. 

The low implant failure rate found during this study was consistent with the data 

from previous studies (Lundgren et al, 2004; Hatano et al, 2007; Cricchio et al, 

2011). The failure in this study occurred before stage II surgery. The exact cause 

of implant failure is unknown but may be due to one of the following factors 

including undue pressure from the provisional denture that was used by the 

patient. Where the mucosa of the failed implant was damaged and the cover 

screw was exposed during the healing period.  
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4.7. Marginal bone level: 

The average marginal bone (MB) loss from placement to abutment connection 

was 0.95mm.further 0.32mmwas lost during the 6months functional loading 

indicating that MB resorption occurred mainly after implant exposure surgery 

and during the first 6months of loading. This pattern of MB loss is in 

accordance with previous studies (Naert et al, 2001; Engquist et al, 2002; 

A°strand et al, 2004; Lekholm et al, 2006 ; Nystro¨m et al, 2009).  

4.8. Effect of Sinus membrane perforation on the survival rate 

and the amount of bone gain: 

Perforation of the sinus membrane was the most common complication during 

sinus lifting procedures, but they all healed uneventfully. These results are in 

accordance with the outcomes already reported in the available clinical 

literature concerning the technique (Lundgren et al, 2003; 2004; 2008; Nedir et 

al, 2006; Thor et al, 2007; Sani et al, 2008).  

In the present study there was no statistical significant influence of membrane 

perforation on the implant survival rate.  This in line with (Ardekian et al, 2006) 

who reported statistical insignificant influence of membrane perforation on 

implant survival rate, which was 94.4% in the perforation group and 93.9% in 

the control group.  

Similarly, Karabuda placed 26 implants into 12 perforated sinus areas and 

obtained an overall survival rate of 95.9% and concluded that there was no 

statistical significant difference between the survival rate of implants placed in 

conjunction with sinus membrane perforation sites and those placed in non-

perforated sites (Karabuda et al, 2006). 
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4.9. Healing time:  

In the present study, the healing time before abutment tightening was 6 months 

because of worry about the limit of bone heights, which was corresponded to 

Lundgren (Lundgren et al, 2004) and Bragger (Bragger et al, 2004), although 

many recent studies had showed that shorter healing time was also promising 

with or without bone grafting material (Nedir et al, 2006; Lai et al, 2008). 

4.10. Complications:  

Intermittent bleeding from the nose "epistaxis" during the first post operative 

day was observed especially when there was a perforation of sinus membrane, 

but this healed spontaneously because the sinus mucosa, like any epithelial 

tissue, have ability to regenerate over the immobilized base during normal 

healing. This is in agreement with( Lundgren et al, 2003; 2004;2008; Nedir et 

al,  2006; Thor et al, 2007). 

In one patient (6.7%) pre-operative OPG revealed a bony septa separating the 

sinus into two compartment (anterior and posterior).intra-operatively this bony 

septa avoided by using lateral osteotomy window posterior to the septa and 

using  crestal osteotomy technique to place an implant anterior to the septa. 
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CHAPTER FIVE 

Conclusions and Recommendations 

 

5.1. Conclusions:  

1. The technique of maxillary sinus membrane elevation and simultaneous 

implants placement without the use of any additional grafting material 

should be considered as a valid alternative treatment to the current sinus 

grafting techniques in future randomized controlled clinical trials. 

 

2. There was a significant positive moderate correlation between the amount 

of new bone formation and the implant protrusion length into the 

maxillary sinus. 

 

3. There was insignificant negative weak correlation between the residual 

bone height and the amount of bone gained. 

 

4. The maxillary sinus membrane elevation and simultaneous implants 

placement without the use of any additional grafting material resulted in 

high implants success rate and intra sinus new bone formation around the 

implants. 
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5.2. Recommendations:  

1. Additional studies needed to evaluate the long term results of the current 

technique with regard to the implant stability and resorption of the newly 

formed bone around the implants. 

2. Performing studies comparing the results of the current technique with the 

results of the conventional sinus lift techniques with graft material. 

3. Performing studies needed that compare the density of new formed bone in 

grafted and non grafted sinuses. 
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Appendix II: clinical and radiographical results of (3) cases. 

 

Case No. 1 

 

A: Preoperative photograph (missing teeth # 15 and #16). 

 

 

B: Preoperative OPG view: Two implants planned to replace teeth #15 and16 and lateral 

osteotomy window planned to be done to lift the right maxillary sinus membrane, 

RBH=4mm. 



V 
 

 

C: Immediate postoperative OPG reconstructed by the NewTom 3G device .the implants 

appears elevating the sinus membrane. There is thickening of the membrane that did not 

appear on the preoperative panoramic image. Both implants length was 11.5mm. 

 

 

 

VI 
 

 

D: CBCT scan images taken immediately postoperatively :(a) and (b) are  cross sections  

views show the implants(both Buccopalatally and Mesiodistally respectively) protruding 

inside the sinus and elevating the membrane creating a void space filled with blood.(c) 

reconstructed 3D image ,white arrows show the  implants  covered  by blood clot. 

 

 

E: 6months Postoperative OPG reconstructed by the device shows the new sinus floor. 

 



VII 
 

           

F: CBCT scan images taken 6months postoperatively :(a) and (b) are  cross section views, 

white arrows show the implants(both Buccopalatally and Mesiodistally respectively)covered 

by new formed bone.(c) and (d) are reconstructed 3D images, red  arrows shows the implants 

with the new formed bone through cross sectional and upside down views respectively. 

 

 

VIII 
 

 

G: 6 months Postoperative periapical radiograph .black arrows show the level of the new 

sinus floor while white arrows show the level of the old sinus floor. 

 

 

 

 

H: Final result 
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I: 6months post load periapical radiograph. White arrows show the level of the new formed 

bone. The new bone appears denser than the one appeared at the stage II surgery. Black 

arrows show the level of the old sinus floor.  
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Case No.2 

 

 

A-Preoperative photograph (missing tooth #26).            

 

 

 

B: Preoperative OPG (an implant is planned to replace tooth # 26& sinus lift to be done via 

crestal osteotomy approach, RBH=7.5mm). 

 



XI 
 

 

C:  implant osteotomy site prepared 1mm short of the sinus floor (i.e. prepared up to 6.5mm). 

 

 

 

D: fracturing the remaining bone (1mm) by an osteotome. 

 

XII 
 

  

E: dome-shaped sinus curette used to elevate the sinus membrane. 

 

 

 

F: sinus membrane lifted up to 4mm. 

 

 



XIII 
 

 

 G:  implant (L=11.5mm, W=5mm) insertion into place. 

 

 

 

H: Immediate post operative OPG reconstructed by the NewTom device, white arrows shows 

the implant in place (#26) protruding into the sinus cavity elevating the sinus membrane.  

 

XIV 
 

 

I: 6months postoperative OPG reconstructed by the NewTom device, white arrows shows 

new bone formation around the implant. 

 

 

 



XV 
 

 

J: CBCT scan images taken immediately postoperatively: (a) and (b) are cross section views, 

white arrows show the implants (both Buccopalatally and Mesiodistally respectively) 

elevating the sinus membrane creating a void space filled by blood. (c) And (d) are 

reconstructed 3D images, black arrows shows the implant protruding inside the sinus and 

coverage of the implant by blood clot respectively. 

 

 

XVI 
 

     

K: CBCT scan images taken 6months postoperatively: (a) cross section view 

(buccopalatally), white arrows show the implant covered approximately completely by new 

formed bone. (b) and (c) are  reconstructed 3D images, black arrows shows the apex of the 

implant from inside the sinus(upside down) completely covered by the new bone. 
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L: 6months Postoperative periapical radiograph .black arrows reveals new bone formation up 

to the apex of the implant. White arrows show the old sinus floor. 

 

 

 

 

M: Final result 

XVIII 
 

 

N: 6months post load periapical radiograph. 
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Case No.3 

 

 

A: Preoperative photograph (missing tooth #26). 

 

 

B: Preoperative OPG (an implant planned to be replace missing tooth #26 & sinus lift to be 

done via lateral osteotomy window, RBH=4mm). 

 

XX 
 

 

C:  Implant in place and the membrane tented by the implant (L=16mm, W=4.2mm). 

 

 

 

D: Barrier membrane covers the lateral osteotomy window. 

 



XXI 
 

 

E: Immediate postoperatively OPG reconstructed by the Newtom 3G device, white arrows 

show the implant protruding into the sinus creating a void space and elevating the sinus 

membrane. 

 

 

F: 6months postoperative OPG reconstructed by the device. 

 

 

XXII 
 

 

G: 6months postoperarive CBCT scan images: (a) and (b) cross sections views,white arrows 

show the implant  (both mesiodistally and buccopalatally respectively) covered by new 

formed bone approximately up to the apex.(c) and (d) are reconstructed 3D images, Black 

Arrows shows coverage of  the implant by new formed bone. 
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H: Final result  

 

 

 

I: 6months post load periapical radiograph. Black arrows show the old sinus floor while white 

arrows show the new sinus floor. 
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Appendix III: Table shows the position, length, RBH, protrusion length, survival and failure, bone gain, operation method, sinus status of all 

observations (implants). 

No. of 

observation 

Implant 

Position 

Implant 

length 

RBH/ * 

mm 

Implant Protrusion 

Length/mm 

Survived or 

Failed 

Bone Gain/ 

mm 

Lateral or 

Crestal 

Sinus 

Perforation 

1 15 11.5 4 6.5 S 5.05 L No 

2 16 11.5 4 6.85 S 4.225 L No 

3 26 11.5 5.7 5.625 S 5.675 L Yes 

4 27 10.0 5.1 4.775 S 4.375 L Yes 

5 26 16.0 4 10.15 S 9.3 L No 

6 26 11.5 7.5 3.075 S 2.825 C No 

7 16 10.0 7.8 1.9 S 2.675 C Yes 

8 17 13.0 4.2 8.9 S 2.6 L Yes 

9 23 13.0 7.8 2.85 S 3.775 C No 

10 16 10.0 4.2 5.3 S 0.875 1 No 

11 26 11.5 7.5 3.15 S 2.35 C No 

12 27 11.5 7 4.425 S 1.975 C No 

13 15 11.5 7.8 3.65 S 1.475 C No 

14 17 11.5 6.9 4.575 S 1.9 C No 

15 16 10.0 4.8 5.175 S 1.875 L No 

16 17 13.0 4.4 8.6 S 2.175 L No 

17 25 8.0 4.6 3.35 S 2.3 L No 

18 26 10.0 4.6 5.425 S 2.025 L No 

19 15 13.0 4.5 7.95 S 3.025 L No 



 

XXV 
 

* Level of the residual bone height before the operation measured by panoramic radiograph. 

20 16 10.0 4.5 4.65 S 1.55 L No 

21 25 11.5 3.5 8.125 S 4.4 L No 

22 26 11.5 3.3 8 S 4.025 L No 

23 25 10.0 3 7.15 S 3.25 L No 

24 15 10.0 3.4 7 S 3.5 L No 

25 16 11.5 3.2 8 S 4.05 L No 

26 26 10.0 3.7 7.2 S 2.325 L No 

27 17 10.0 3 7.575  F -0.425 L No 

   Mean Mean  Mean   

   4.962 5.923  3.079   


