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ABSTRACT

Samir, G. Evaluation of the Effect of Maxillary Sinus Augmentation on the
Maxillary Sinus Volume and Sinus Phy®logy: A ConeBeam Computed
Tomography Follow-Up. Hacettepe University Faculty of Dentistry, Specialty
Thesis in Periodontology, ANKARA 2018.

Sinus lifting procedure is a form of preprosthetic surgery for increasing the quantity
of bone in the posterionaxilla. Although not many patients develop maxillary sinus
pathologyrelated complaints after sinus floor elevation surgery, this procedure
carries the inherent risk of compromising sinus physiology. There is the risk of
miscalculating the amount of awvalile bone in the posterior maxilla for implant
placement by using twdimensional panoramic views. CBCT provides much more
accurate measurements of the available bone volume. The overall aim of the present
thesis were to evaluate thrdenensionally the agmented bone volume and total
volume of the maxillary sinus, correlation between the thickness of the Schneiderian
membrane and crestal gingival thickness, following sinus lift procedureshis

study all included 22 patients weseccessful two stagénsis elevation surgeries and
without complications. All patients were preoperatively and postoperatively analyzed
by CBCT.The average percentage of the grafted part was 14.87 % through manual
measurements and 14.66 % through automatically measurei@detsolume after

sinus grafting means not to interfere with the osteomeatal unit that hazardous to
sinusphysiology. Nocorrelation were found between the thickness of the

Schneiderian membrane and crestal gingival thickness.

Keywords: Sinus lifting, graf volume, conébeam computed tomography, sinus

physiology
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INTRODUCTION

Periodontal disease and dental caries are the major causes for tooth loss. Even
if the prevalence ofdentulism continues to decline, in western countries, the loss of
teeth in the posterior upper jaw will still be a quite common reason for patients
requiring dental carfl]. Since ancient times, there have been attempts to solve this
problem as the loss of teeth leads to aesthetic, fumttias well as psychological

problems.

Conventional management of partially edentulous patients formerly involved
the use of variety of removable or fixed reconstructiorsgied to apply selected
teeth [2]. However, many patients with removable prostheses experience trouble
obtain acceptable aesthetic results and efficient function. Functionally, it is more
challenging for a patient to digest food; he/she may experience malfunctioning of
temporomandibular joint redl overloading of masticator muscles. Fortunately,
maladjusted complete denture patients reacy well to implant prosthes¢3]. The
implant treatment to prostethically restore function and esthetics subsequent the loss
of teeth has become a routine treatment alternative to conventionaktgugbrted
fixed or removable prostheses, principally due to the fitesfebypass the sacrifice
of intact structure of adjacent teeth. However, common obstacle of detected in
implant dentistry is inadequate bogeality andquantity to allow implant placement
just as standard protocol. Alveolar bone atrophy following tdo$is tends to be
irreversible and rapid. In some cases posterior maxillary alveolar bone atrophy is
very distinct, leaving only aboutZ mm thincortical bone between the oral cavity
and the maxillary sinusAnalogous thin bores n ot te provice pcimaeyn t

stability and/or osseointegratidar a dental implant.

Accordingly, osseointegration, which was discovered in the middle of the
twentieth century, establishdble era of dental implantology]. However, where
necessary augmentation of the posterior maxilla is critical, placement of dental
implants in the atrophic madla is compelling procedureNumerous clinical
techngues have been developed to address these bone defiprebtyms[5]. The

first maxillary sinus floor augmentation surgewas performed in 19% [6].



Moreover, the progress of sinus lifting techniques and developments in hiaate
research have resulted magnificent outcomes. These advances have been reported in
recent years for implargupported rehabilitations, even in cases involving serious
maxillary posterior alveolar bone atrophy]. Sinus lifting procedure is a form of
preprosthetic surgery for increasing the quantity of bone in the posterior maxilla.

Preoperative evaluation of the alveolar bone and the maxillary sinus is
crucid for the success of this surgery. Maxillary sinus can be visualized on the
panoramic radiograph, computed tomography (CT), magnetic resonance imaging
(MRI) and conebeam computed tomograpf@BCT) [8]. In the recent years, thiiee
dimensional evaluation methods have been the most recommended technique for
investigatios before maxillary sinus lift surgeries with bone substitute biomaterials.
CT is recognized as the fAgold standardo
which has limitations because of highstand high radiation exposy@&12]. Much
more information can be collected from CBCT other than the width and lehtita
residual alveolar bond3]. CBCT can easily establish sinus opacification (OPA) and
can prowde worthwhile information on changes of the paranasal ssugthout

additional exposurgl4].

In post surgical evaluation of the results, cone beam computed tomography
provides broader overview to the surgically treated field, an opportunity to assess
dimensions of the augmid area and changes over the time, as well as an

interaction with a maxillary sinus.

CBCT analyses havbeen described as a fast, simple, relatively correct and
encouraging way to quantify lortgrm changes in the grafted area. Some authors
have also poired out that CBCT is accurate when examinsodf tissue thickness
[15]. Moreover, many studies/clinicians are still using CBCT for soft tissue thickness
assessment. The most commioraoperative complicatiorduring sinus graft
procedures is perfation of the sinus membrane. It is therefore important to predict
possible sinus membrane perforations (SMPs) befor@pkeation,may suggest a

way such as a correlation between crestal soft tissue thickness and sinus membrane



thickness[16, 17] There is only limited knowledgabout the association between

crestal gingival mucosa thickness arahi®eiderian membrane thickng&8].

Linear measurements and the total mamllasinus volume ave
conventionally been analyzedsing cadaverd19-21]. Recent improvements in
medical image processing technology have made possible the usdimieBsional
evaluation of the grafted area withihe maxillary sinus after surgery. These can aid
the surgeon in identification the overall anatomical structure and ass@Es®f
maxillary sinus volumg22]. Presurgical knowledge of the required bone volume
reduces the extent of the surgical procedure as well as the possible complications

encountered aneghinimizeshospital cost and expenses for the pati§2#-25].

The objective of the present study wert®; analyze th correlation between
crestal gingival thickness antthe thicknessof the Schneiderian membran®
calculate the required graft volume for several augmentation heights and implant
lengths,to measure the augmented bone volume and total volume of thdamyaxil
sinus using preoperative and postoperative CBCT sngretients referred for dental

implant placement in the posterior maxilla.



1.LITERATURE REVIEW

1.1 Implants

Nowadays, the use of dental implants is aweltumented favorite treatment
method for replacing missing teefthere have been used many types of implants for
teeth replacement, including subperiosteal and endosteal implants with fibrous
encapsulation, and endosseous implants with direct bone contact (osseointegration).
The osseintegration of titanium dental implants was developed and scientifically
documented by Bworkersg26,a27]kand ayn throeder and eo
workers [28]. Osseointegration is defined as a time dependent healing process
whereby clinically asymptomatiggid fixation of alloplastic materials is achieved,
and maintained, in bone during functional loadiag]. The implant should establish
appropriate primary fixation (stability) after the installation at the receiving site to

achieve osseointegration.

The material choice for dental implants isanium since it has proper
mechanical properties and a comprehensively documented biocompafi@d]ty

Titanium has the surprisingggerty that it can bind to living tissue and to bone.

Systematic reviews of longgrm follow-up studies have shown that about
95% of the implant cases are still functioning after 5 years when placed in sufficient
bones. The implants which are useatamjunctionwith major bone grafting have in

general less good survival ra{@8-33].

The preconditions for successful leteym outcomes are the attainment and
maintenance of implant stability. Implant stabilitydshieved via association of
mechani cal stability and bone formati on
stability can be divided into primary and secondary stability. The former is obtained
during implant placement and is determined by the bonesitye the surgical

technique and the implant design.



Bonehealing response is induced by the surgical trauma and gracesllys
in secondary stabilitySeveral studies have reported that, a certain grade of surface
roughness enhan doermancd flom sevenappbirtsnof \ig@4-36].e r
Application of Ti dental implants with moderately rough surface topography lead to
substantially advanced tissue integration of the implavitech is apparently relade
with their positive effect on the proliferation and differentiation of osteob[83ts
38]. Recently,with few exceptions, most endosseous dental implants have rough

surface structures

1.2 Bone

According to Wdif, 1892 the bone in a systemically healthy patient will
adapt to the | oads under which it I's pl e
alveolar processes are no longer exposed to chewing forces and this may lead to
resorption of dentoalveolar bon8urgical procedure, infection and other traumatic
injury of alveolar bone can change the original contour and therefore the volume of
the alveolar process. Huge, critical sized bony defects will not regenerate fully
spontaneously. Dental implant therapyaicommon and wetlocumented method of
supporting dental prosthesis and has a gooderg prognosis. The jawbone with
sufficient quality and volume is prerequisite to successful implantation. Intervention
of local anatomical structures such as the tadeforamen or the maxillary sinuses
reduces the possibility to install dental implants. Different surgical methods and
techniques are applied to increase bone volume and restore to the original shape of
the boneBesides its excellent mechanical behavimme is a dynamic tissue with a
remarkable healing potentif89, 40] The gold standard of bone substitutes is still

considered autogenous cortical bonélasks or as particulate form of it

Bone tissue is aighly developed supporting tissa&d the definition of it is
Afa hard form of connective tissue compos
i ntracell ul ar subst a4l Ehe rale of bangis  proteact t hi n
and supporvital organs of the bodyto bestoragefor minerals and be involved in
mineral homeostasiBone marrow is the soft spongy tissue that lies within the

hollow interior of long bones arfibsts the production dfood cells. The skeleton of



adult consists of two macroscopic types of bone: cortical or compact bone and
cancellous or trabecular bone. Compact bone can be seen in the long bones and the
surface of the flat bones and represents nearly 80% of the m#ss sieleton. It
consists of several passages for diffusion of blood vessels and molecules. Inside the
circumferential lamellar are primary osteons, which form when the blood vessels on
the surface of the bone become part of the periosteal bone. Trablecn& is
lacework surrounding the bone marrow of most flat bones, within vertebral bodies
and the metaphyseal region of long bones. It is built of a-tireensional structure

of interconnected plates and rods known as trabeculae, each of which is
approxmately2 0 0 O m [42]h The tkabeculae seem to be organized randomly but
are still able to arrange maximum strength as they pursue the lines of stress. The
bone homeostasis is contributed by ttypes of cells: osteoblasts and osteoclasts
which have crucial role in the remodeling and repair of bone tissue.

Osteoblasts are derived from local osteoprogenitor mesenchymal cells and are
boneforming cells that form osteoid by embedding in bone exlitdae matrix as it
is deposited. The osteoid becomes mineralized by minerals withdrawn from blood.
However, the particular mechanisms by whadteoblastdecome buried in bone
matrix to take on a life a@n osteocyte remained elusi¥e]. Osteoblasts are settled
on the outer surface of bone and bone cavities. Osteoclasts are the largest of the bone
cells and are devoted bone resorption as bone are involved in a continuous cycle of
resorption and apposition. This process

The outmost layer surrounding all compact bone is termed periosteum and the
inner surface is called endosteum. In bamrenfation, periosteum is more active than
endosteum. Periosteum is much more active in bone formation and composed of two
| ayer s. The outer #Afibrouso | ayer consi
with a nerve and microvascular network. Thesemponents establish mechanical
stability to the periosteum. The inner
that influence bone formation and bone redd#]. These features provide the

periosteum with regenerative capacity.

S



Bone haling after fracture is identified by an acute inflammatory response
which comprehends initially blood clot formation in the injured area, further on
migration of inflammatory cells e.g. lymphocytes, granulocytes and monocytes and
the formation of granulaissue. The inflammatory phase is believed to stimulate cell
migration and proliferation of mesenchymal cells. Cell migration and proliferation
are stimulated in inflammatory phase. Following the inflammation phase,
chondroblasts and osteoblasts are difiiated from mesenchymal cells which
aggregate at the repair site. The mineralization and formation of collagen matrix are
completed. These processes end up soft callus formation that fuses the two parts of
fracture margins together. In time, the soffusawill maintain to ossify and woven
bone will form. In the end, the healing part of bone will restore its original shape and
structure{45, 46}

1.2.1 BoneRegeneration After Sinus Lift Surgery

Even with thewell-establishedtlinical effectiveness of sinus lift procedure
there are still questions regarding the origin of newly formed bone, the influence of
the surrounding tissues, the contribution and fate of the graft material, and the
volume of new bone necesg for a successful treatme7]. Earlier histologic
observations of biopsy specimens implicated the contiguous endosteum of the sinus
floor (the residual bone) and the elevated periosteum as possible sfuurtes
newly generated bor{d8]. There are different opinions as to whethesidual bone
height affects implant survival or the graft result itself. In retrospeciuvdies
Wheeler et alnoted that alloplasts had a high implagtention rate except when the
preoperative bone height was <3 8, 50] In contrast, a 2@review by Wallace
and Froummoted that the influence of the residual bone height in the lataradow
technique was unknowj¥]. In a study by Price et ahe influence of the sidual
bone height was evaluated as a potential variable by comparing samples with <4 mm
t o sampl es M7].t The r&hde omwertical height dimension was
considerable (0.5 to 7.0 mm), but there was no adsdcifference in new bone
formation found in any zone of the graft compartment. They concluded that new
bone was derived from a combiiwat of de novo appositional armdtramembranous

formation in which cells evolved from the regeneration of vasculapangascular



tissues that grew inward at a uniform rate from the entire periphery, but this proposal

requires further investigation.

Jensen and coworketsing minipigs found that the volume of autogenous
bone grafts from the iliac crest and the mandibkes reduced significantly after
maxillary sinus floor augmentatigbl1]. The graft volume was better preserved after
the addition of BieOss and the volumetric reduction was significantly influenced by
the ratio & Bio-Oss and autogenous bo[¥?]. The authors also found that early
boneto-implant contact formation was more advanced with autogenous bone. No
differences between thesingof mandibular or iliac bone grafts veeobserved since
the boneto-implant contact was not significantly influenced by the origin of the bone

graft.

There has been considerable clinical controversy about the role of the graft
material in the sinus lift procedure. The discussion has usuadiy bmited to
osteogenic capacity, osteoinductivity, or osteoconductioaddition,an alternative
function of graft materials as space holders has been gaining interest in the literature.
Experiments, in which the sinus membrane was elevated and alkowes$t on
simultaneously placed implants, indicated that creating a space with a blood clot
alone could lead to bone deposition on an impa2t6]. Sohn et alfound a faster
and greater new bone formation walsserved in sites that received no grafting
material[57, 58] The repositioned bony window may accelerate new bone formation
earlier versus placement of a collagen membrane. Srouji et al. found that the
Schneidean membraa has an osteogenic potenf{z®]. On the othehand,Scala et
al. found that bone formation started from the parent bone of the sinus floor and
extended toward the apex of the implg6@]. However, this coronal proliferation of
bone did not ever exceed 4.5mm, indicating the limitation dictated by the

Schneiderian membrane collaggiover the implant apex

1.3 Anatomy of Maxillary Sinus

The maxilla consistof variousstructures including the maxillary sinus, the

pterygoid plates, the lateral nasal walls, associated nerves, arteries and veins and



teeth. The two asymmetrical shapethaxillary sinuses are located laterally to the

nose cavity. The maxillary sinusstarts to develo@t the about 12 week of intra

uterinelife  wi t h an i nvaginati on slateral wdll.eThemu c o0 s ¢
size of the sinusis about 0.1t o0 0. 2 ¢ mj at b isizetuhntil tken d ma i
eruption ofthe permanent teetfi7]. At the end ofthe growth, maxillarysinus

cavities have expanded in the maxillary bdmee dimensionally, apparently caused

by the mildpositive intrasinus pressure due to tha@nor nasal openings. Another
potentialcausefor expansion can be the physiology of the mucosal sinus membran

with presence of osteoclasf61l]. The developmentconcerningpneumatization
(increasing volume of air containad it), is attainedby adolescencewhile its

volume mayincreasemoreafter tooth lossThe sinus volumencreases up to the age

of 20 yearsThe resorpon of the maxillary alveolar borend pneumatization of the

maxillary sinus may lead twoubles to he implant therapgndrequisiteto perform

sinus liftsurgery to increase bone heighigurel.1.).

Figure 1.1.Inadequate residual bone height

The maxillary sinus is the largest of the paranasal sinuses including the
sphenoid, ethmoidand frontal sirus, and occupies majority of the maxilla is
typically a single chambemith a quadrangular pyramidal shape witbmerous
walls, limited by the floor of the orbit superiorly; the hard palate, alveolus and dental

portion of the maxilla inferiorly; the yomatic process laterally; the pterygopalatine
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fossa poteriorly (Figurel4.); and the lateral wall of the nasal caviyigure 13.),
containing the maxillary ostium and the accessory ostia, medkityre 12.) [62,
63].

Figure 1.3. Medial wall of the sinus cavity
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.

pol

Figure 1.4.Posterior wall of the sinus cavity

The most often involved bony walls in sinus surgeries are the mesiobuccal
and medial wallgFigure 1.3.). The mesiobuccal wall isontained a thin cortical
bone compsing a complex neurovascular system: the arterial anastomosis the
infraorbital region, anterior teeth, and periodontal ponent. In some instances, the
thicknessof the wall can reach 2mmparticularly in bradyfacial patients This
thickness cannot bspecified throughpanorant radiographs, but only usinGT-

Scan analysis. The posteriomaxillary teeth are innervated by complex
neurovasculature from the maxillary tuberog@iy]. Sinus lift surgery performed in

the apical regiomf posterior vital teeth may enhanite risk of devitalization of the
related teetj17]. The medial wall is rectangular and separates the maxillary sinus
from nasal cavityOn the other hand, lower part of this wall corresponds to the

inferior meatus oftte nasal cavity61].

All sinus walls reach their thickest form in adults with complete dentition.
Usually it has some depressions near the premolars and molars. The sinus floor tends
to theresorption and in some cases to Hume perforations around the roots with
age, so that only the Schneiderian membraggarateshe roots from the sinus

cavity.

The averagerolume of amaxillary sinusin adultis approximatelyl2 to 15
c mj (wi rmngel drgen 3.5 to 35.2cmj) with
38 to 45mm, and width between 15 to 35 i, 6567]. The convex floorof the
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cavity is approximately 1cm below the nasal floor, with its pkst int usually
being in the region of first molar teetfhere is aconvolutionin the floor of the
sinus frequently because of the maxillary teeth rodAsiteriorly the sinuscavity
extends to the canine or premolar region. The maxillary staugy main@ins its
total volumewhile the posterior teetstay in function, howeveends toenlargewith
age andespeciallywhen the posteriomaxillary teeth are lost. Theath of this
expansion is bothaterally andinferiorly. At the edentatephase expansion den
continues sugclthat only a papethin boneon the lateral and occlusal walse left.
There are some different theories for this expansion and one ofishémt the
maxillary alveolar bonedisplays atrophy as the strain froracclusalfunction is
reduced.Thevolume of thesinus may further increaseith aging and tootholss due
to continuous resorptioof all cavity walls. This pneumatizatiois notidentical, can
vary from patient to patiengnd evercan be asymmetrichletween tk two sinuses

in the same patiefi65].

1.3.1 Septa

The maxillary sinus cavity can beseparatednto smaler cavities by bone
septa(Figure 15.). This bony septum is a barrief cortical bone thabulgeinto the
sinuscavity from the floor or the lateral wall of the maxillary sini@8-71]. The
sinus septadividing the maxillary sinuscavity into separatecompartments, is a
phenomenon first described by A.S. Underwaondl910 [72]. There is abundant
anatomical vaation of the septan their prevalence, size, location, and morphology,
regardlessof the degree of atrophylhe average height of the septa measured as
7.5mm. The septa, dividing the sinus cavity into two separate caistiealled
Acompl et e wasefpuhdaim onlg O.8%The overall prevalence of septa
reported in the literature at the sinus leigebetween 16% and 48§68-70, 73, 74]
The presence of maxillary sinus septa may caraf@ sinus membrane lifig
proceduresparticularlywhen they are nadentified before thsurgery (Figure B5.).
Two-dimensional radiographic measuremecés lead to false positive and false
negative judgementsin the visualization of septaHence before the sinus lift
surgey, a detailed evaluation of the related sinus using CBCT could be
recommendedFigurel.7.) [75-80].



Figure 1.5.Sinus septa

Figure 1.6. Double window technique

Figure 1.7. Sagittal slice of the sinus caw#

13
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1.3.2 Ostium

The antronasal foramen daainage port for the sinus, lies high on thedial
wall of the sinus(Figure 18.). This port opens into the nasal cavity between the
middle and lower nasal conchf&l]. Functions of themaxillary sinuscontainair
humidification aml heating;promote to weight loweringn the cranial bonesf the
skeleton protection of the skull base againstchanicatrauma, thermal isolation of
some of the superior nerves, and influence in phon§82n83]. The fact that the
ostiumlies highon the medial wall ien advantage to sinus lift proceduas it is
possiblenot toobstrict with graft placementt has beersuggested that a maxillary
sinus membranelevation may even in fagbirogresssymptoms ofsinusitis by
bringing thesinus floorcloser to the drainage poithe discoveryof the ostium in
the medial wall mayhappenin surgery hence, theinusmembrane should not be
elevated to a height abstruction othe ostium

Figure 1.8. Antronasal foamen



15

1.3.3 Schneiderian Membrane

The maxillary sinus cavitys lined with respiratory epithelium, or pseudo
stratified ciliated columnar epithelium, that coversnmmveable and extremely
vascular connective tissu€hree types of cells are recognize@dsnus membrare
ciliated cells, goblet cl and basal cellB4]. This membrane is an extension of the
nasal respiratory epitheliurtFigure 1.9.), known as the Schneiderianembrane

consists of the followingB5]:

a) Pseudostratifiedylindrical epithelium with goblet cells and,

b) Corium, or lamina, with a junction of blood vessels and glands.

Figure 19. Histological slice of the Schnexdan membrane

In the literature, little data are available on the thickness of healthy sinus
membranesThe mean histological Schneiderian membrane thickness waBl 0.3
0.17mm which was statisally different from mean CBCT membrane thickness
( 0. 7 9 mh)[8B,.88 Zhere seems to be an association between thickness of the
antral mucosa and periodontal phenotyf#6]. Mucosal thickening of 2 mm is
considered a reliable threshold fmathological mucosal swelly of the Schneiderian
membrand88]. Mucosal thickening of more than 2 mm can be grouped according to
criteria from Soikkonen and coworkers 91: 1) Flat: shallow thickening witlelk
definedoutlines, 2) Semaspherical: thickening with wetlefined outlines rising in
an angle of more than 30A from tiik: floor

complete opacification of the sinus, 4) Mixed flat and saspherical thickenings) 5
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Other mucosal thickenings types or pathological findings. A high prevalence of
mucosal thickening in paranasal sinuses in asymgiorpatients has been reported
[89-92]. Because of the complex anatomy in thetg@dsr maxilla, crossectional
imaging has been proposed as the standard diagnostic imaging method for
preoperative planning of dental implant placenj88t96]. CBCT can be regarded as

a first choice for thredimensional imaging of the posterior maxilla due to less

radiation administratéto the patient compared to 96, 97]

However, he sinusmembrane casuffer fromdamagecausing increase in its
thicknes due to iflammatory reaction, knowas sinusitis. In casgs which the
thickness is greater than43mm, it isreasonabldor the patient see an Elose
Throat specialist. Tdsinus membrane includes a Hyghascularized lamina propria
[59] containing of two layers, a surface layer of connective tissue beneath the
epithelium, and the deep compact layer below the vascular layer merging with the
periosteum to form the mucopesteum[98]. The imost layeris similar to a
periosteurranalog construction[59]. Under normalcircumstancesthe epithelium
remains constantly humidified by fluid secretion from glands contained in
Schneiderian membrane. This mucosal epithelleads fluid to the ostium that
terminates in the nasal cavif99]. This process isealizedby the 100150 cilia
existing in every cuboidal cell epithelium, which vibrate at a frequency of 1000
strokes per minute. Because of its direct contact with air, this membrane has an
immune defensability, although less significant than the nasal mucdsee cells of
the sins membraneare capable of differentiating into osteoblastsnsequently
making osteogeesis in this region possibl&he ciliated epithelium transpsrpus

and mucoudluids towards the antrmasal foramen, or the ostiyi7].

Function:

There have been many theories about the function of the paranasal sinuses.
Some of the functions of maxillary sinus are: air humidification and heating; promote
to weight lowering in the cranial bones of the skeleton, protection of the skull base
agairst mechanical trauma, regulation of intranasal pressure, increasing surface area

of olfaction, contribute to facial growth, shock absorbing in trauma and immunologic
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defense, thermal isolation of some of the superior nerves, and influence in phonation
[82, 83]

1.3.4 Vascularization

The maxillary bloodsuppliescrucial for conservingthe vitality of the region
affected by any sinus lift surgery. It is also critical for the integration of any grafting
material beingused as well as for wound healing. In the atrophied edentulous

maxilla, the overall vascularity diminishes bone resorptiancrease$100].

The maxillary vascular complex iprincipally enormous hence suitable
blood is assured'his maxillary sinusblood flow is mediated through three branches
of the maxillary artery: the infraorbital artery; the posterior lateral nasal artery
(irrigates the medial wall); and the posterior superior alveolar artery (internal
maxillary artery brach)[61, 64, 101, 102]

The blood supply of thenaxillary sinuscavity reachesfrom the external

carotid artery. It is providegredominantlyby the posterior alveolar artery (PSAA)

and infraorbitary (IOA),originating from vely close to the maxillary artery. These
two arteries form an anastomosis inside the maxillary sinus that build up a double
arterial arcade, supplying the lateral wall of the antrum and related parts of the
alveolar process. The PSAA has beeunid to be in contact with the maxilla and its
periosteum103]. It divides into two arteries: (i) the gingival branch, suppling the
oral mucous membrane in the premolar/molar area and (ii) the dental brédech.
gingival branch and the dental branch of the PSAA are supplying the oral mucosa in

the prenolar/molar region.

During sinus surgeries, the blood supply of graft material occurs by three

following branche$100]:

The sphenopalatin@nd greater/lesser palatine arteries vasculattiee sinus
floor via penetration through tHmony palate. Th®SAA has tributaries that perfuse

the posterior and lateral wallsf the sinus The PSAA and infraorbital artery
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anastomose in the bony lateral wall, a mean efl9®m superior to the alveolar
crest[100, 104] The Schneiderian membraméso supplied by these arteri€khe

two anastomoses between these arteries form a double arterial arcade, supplying the
lateral wall of themaxillary sinuscavity andrelatedparts of themaxillary alvedar

bone The PSAA can be fond wall of the sinus and pga of the alveolar
procesfl03]. The PSAA found either within the bony wélhtraosseouspr medial

or lateral to the wal(extraosseous)The average diameter of the PSAAs been

found to 12-1.3mm with a range of 0:85mm [105, 106] During sinus floor
elevationprocedure the vascularization abone graft material occurs through the
three follaving branche$100](Figure 1.10.):

1 Extraoseous Anastomosis (EA): gingiviatanch of theposteria superior
alveolar artery (PSAA) with an extraosseous terminal brancthefinfraorbital
artery (IOA). It has a mean height of 23 to 26 mnorh the alveolar margin. An
extraosseous vestibular vascular anastomosis was detected in 44% of cases. These
vessés maycauseto hemorrhage during flap preparation and periosteum releasing

incisions.

1 Intraosseous anastomosis (IBgtween the dental branch of the PSAA,
also known as alveolar antral artery, and the infraorbital artery was found in 100% of
cases. tlis located at a distance of 18.9 to 19.6 mm from the alvew&st of the
maxilla. Such an anastomosis seemed to guarantee the blood supply to the sinus

membrane, to the periosteal tissues, and especially to the lateral wall of the sinus.

1 Branches of thes wessels (PSAA, IOA, and IA) in the Schneiderian

membrane.
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ANS

Figure 1.10. Blood supply of the sinus cavity

It is clinically important for all oral surgeons to distinguish the exact
localization of such anastomosis because its laceration during membraate®nle/

rather frequent and can cause hemorrhage.

Severe hemorrhages durismus liftingsurgeriesare ratheunusual as main
arteries do not get involvdadside the surgical area. Small vessels mapdréorated
during surgery If these perforations are located in the exposedrea of the
Schneiderian membrane, hemostasis may occur natyedlyablythrough applying
minor pressure with gauzgl07]. These vessels supply both sinus membrane and
periosteal tissue as the PSAA often has an extraosseous course. The majority of
blood vessels in the maxillary sinus {Z00%) come from the periosteygi, 107]
Healing andremodelingof the graft depends mainly on théod suply from the
maxillary sinus walls where newlood vessels are formed aroutheé graft particles.

It is also important to protedilood flow to oher anatomical landmarkavolved
surgical procedure, such as the Schneiderian membrane and the mucoperiosteal

buccal flap.

The maxillary sinus venous return occurs toward the pterygomaxillary plexus,
along two paths: the facial and the maxillary vein to the internal jugular vein, or

through the ophthalmic vein into the caveus sinu$100, 107]



20

The reasons of arked reduction in vascularization of the bare loss of
maxillary teeth and aging. The correlatitvetweenthe development of micro

vascular defects, bone atrophy and advancing adgtested107].

Lymphatic drainagef the sinuss realizedfrom the posterior regioof the
nasal cavity and nasopharynx to the retropharyngeal nodes and submaxillary glands.
The healthy maxillary sinusmeedspostural drainage and actiarf the ciliated
epithelial mucosa, whiclmoves bacteritowardthe ostium. It also produces mueus
containing lysozyme and immunoglobulins.Blood supply of the Schneiderian
membr ane maintains the bodyEs defenses

immunaylobulin from both the membranedthe sinus cavitj108].

The communicatiomoint from the nasal cavity to the maxillary sinigsnot
located in the inferior part of the sinus (where graft is plaeddgh is important in
providing an anamical foundtion for sinus floor elevatiomA sinus lift may even
enhance symptoms of sinusitis and congestion since the lifted floor is relocated

closer to the drain pof108].

The maxillary blood supplis crucialfor the vitality of theregion affected by
any sinus lift surgery. It is also critical for the integration of d&wmne grafting
material being used as well as for wound healing. In the atrophied edentulous

maxilla, the overall vascularity decreasedase resorption progresgd€0].

1.3.5 Innervation

Innervation of the maxillary sinus occurs through the maxillaaywe, the
second branch of the nervus trigemifaf" cranial nervie The maxillary nerve
innervatesposterior area ofthe sinus floor withts posterior middle and superior
alveolar branches, as well the molar and premolar t@éth.anterior wall of sinus
plexus is innervated byhé anterior superior alveolar branch, a branch of the

infraorbital nerve
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Some branches of the infraorbital netvenk innervate the medial wall of the
maxillary sinusbefore leaving the infraorbital forame@the branches involving the
sinus mucosa are branches of the pterygopalatine ganglion and the sphenopalatine

ganglion, with the long and short sptopalatinenerve[107].

1.4. SinusLifting

Themaxillary atrophic posterior bongerves aanextrachallenge for implant
surgery not only by nature of the bone quality but also because of sinus
pneumatizationSeveral treatent options have been utilized in the posterior maxilla
due totreat insuficient bone quantity probleni209]. The most conservativeption
of these is the use of short implantsatwid implant placement into the sinus cavity.
The required residual bone height for the shortlamis is at least 6mnil10].
Another wayto avoid sinus augmentatiqggrocedure is to usgtled implants in a
medial or distaposition to the sinus cavity whewlequate bone heigéxist[111].

Lateral sinus floor evaluation (LSFE)igure 111), is one of themost
common procedurd o r sinus augmentation whereby
tedhniquein the lateralwall for access into thesinuscavity [112]. If residual bone
height is less 4mm, one or two stage sinus lift procediseecommended through
lateral approach. Ae lateral window technique allovgirecting sinus cavity view,
direct access for lifting the Schneiderian meame and thoroughlaugmentation of
the cavity.However, disadvantagesf this technique also have been documented,

such asdditional costand increased morbidif§13].
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Figure 1.11. Lateral sinus floor elevation

The sinus floo graft procedure was introduced by Tatum in 19¥$4],
modified by Boyne and James in 19B0L5], and further modified by Tatum in

1984116]. The wmirgical technique as reported by Tatum in 1986 is generally used as

presentAccording tothis technique, access to the maxillary sinupravidedby a

window osteotomy in the lateral maxillary sinus wall.

1.4.1 Pre-surgical Evaluation

A detailedexamiration of the patient which includes a medical and dental
history, should bettainedprior to scheduling complicatesurgical procedures sh
as the sinus floor elevation.n& dental and periodontal stata$ the patientis
assessethrough the clinical md radiological examination methoddgpper facial,
infraorbital, lateral nasal and labisgionsmust beexaminedfor pain swelling, or
asymmetry.The findings of the clinical examination are revieweith the medical
and dental history of the patientedio obtainappropriateénformation for diagnosing

acute, allergic ahchronic sinusiti$108].

The investigation of choice for paranasal sinuseST scan Contemporary
multi slice CT scanner allowery thin axial plane slices to be obtaoh from which
reconstruction to sagittal and coronal planes can be riageostomeatalcomplex,

which contains maxillary sinus cavity too, is displayed by the coronal pldre.
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axial plane helps identify the basal lamella of middle turbinate, whitteidividing

point of anterioland posterior ethmoid sinuses.

Computed tomographyot just provides objective information about the
anatomy of the sinus cavity, it is also usefuplanningeffective strategies and is a
reliable prognosticator of the simdisease@~igure1.12).

The EAO (European Academy of Osseointegration) held a consensus
workshop on radiological guidelines in implant dentistrty2011 Previous EAO
guidelines from 2002 were updated and expandeshtoracecone beam computed
tomografmy (CBCT) [93, 94] CBCT can offer crossectional imaging and 3D
reconstructions at potentially lower radiation doses compared tacahediltislice
CT. There is the risk ofmiscalculatingghe amount of availableonein the posterior
maxilla for implant placemenby using twedimensional panoramic viewEBCT
provides much more accurate measurements of the available bone vdilbTe
118]. CBCT can also provalinformation aboutarterial channels in the lateral sinus

wall, the presence of septa asttier pathologiesf the maxillary sinu$119].

Figure 1.12. CoronalCT slice of the paranasal sinuses
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To avoid complications during sinus lift procedurerigorous pre-surgical
examinationof the maxillary sinus by means obne beantomputed tomography
(CBCT) is recommended, as it has been shown to have higher sensitivity and
specificity in thedeterminingof sega than panoramic deoography[120]. Cone beam
computed tomography (CBCT) imaging asten used tointerpret sinus anatomy
before the implant surgenjt can produce high resolution isotropic volumetric
recordswith high geometric acuracy and at a lowffective radiation dos§l21,

122].

Panoramic radiography has been found to leadromg diagnosisaboutthe
presence or absence sihussepta in 21% to 46.5% of casg®, 79] The use of
CBCT imaging with high spatial resolutiggermitsfor the finding of septa with a
frequency nearly as high as thauhd with clinical inspectiofiL21].

Fainly radigpaquelesionsarising at the floor of the maxillary sinumay
present as olacles during sinus lift procedyrand should beecognizedo prevent
further complicationsAccording to Ziccardi and Betts, The presence of maxillary
cysts is an absolute contraindiion for sinus grafting123, 124] Threetypes of
cystic lesions may be determdheduring a routine preoperativ€BCT scan
pseudocysts, retentioand mucocelesMucoceles, accumulations of mucouse
formed whea the sinus ostiumare obstructed125]. As fluid pressure increases
against the internal walls of the sinus cavixcessivebone resorption may be
obvious. This radiographic charadstic will differentiate a mucocele from a
pseudocyst and retention cydi26]. Pathological membrane thickening can also
detected through pretreatment cdream computed tomographic (CBCT) scanning.
Mucosal thickening greater than 2 mm is coestdla pathologic sinus membrane
[119, 127, 128]In a recent retrospective study oBCT scans of 500 patients,
Yildirim et al. found that the mucosal thickening could be visualized in 42.8% of
sinuseg129].

Following asinus lift procedureCBCT is a bestmethodof determining how
the bone substitute is positioned in relation to the adjacent diottee maxillary

sinugt8. In conclusion,CBCT images can bealuable to the clinician in both
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diagnosing and treatment planning in that tiraprove the accuracy of diagnostic
consequenceand help in thedesign of an adequate treatment plgn0, 130]
Accordingto the fact that the prewalce ofsinussepta isfairly high, and both the
success of the sinus lift procedure wasll as theaccruing of complications are
correlatedto their presence, CBCT imaging is highly recommended as part of the
principle, however, that radiation doses are Kow As Reasonably Achievable
(ALARA) [131]. The ALARA concept further modified by Prashant et al in 2845

a ALADA (As Low As Diagnostically Acceptabldg)l32]. This new concept further
highlights the critical balance between clinical value and safety, which is an effort
thatwas less explicit and more vaguely portrayed by the former ALARA acronym.
Implementing this concept of ALADA would require the strict regulation of
guidelines on CBCT referrals followed by an evidebesed assessment of image
quality for specific diagnost tasks with exposure and doses associated with a given

level of image quality.

Theresidual bone heigltdirectly affects the possibility of achieving primary
implant stability and will dictate whether a ereg two- stage technique can be used
[32, 133] In indirect approach, which isonsidered a onrstaged technique, a
minimum cut off of 5 to 6mm residual ridge height has been proposed as requirement
[32, 134137]. Evidence however does also support cut offs of 1.4 to 420n53,

133, 138141] Thus, overall, the decision to proceed withoaestagetechnique
ultimately rests with the surgeon, their experience, and the minirasitlual ridge

height they are comfortable wifth38].

1.4.2 Grafts

There are different conceptsn the obligation of grafting material when
performing a sinus lifhg surgery either by a direct or indirect apprch. These
differences are supported by the large bodgtoélies, whichlcomprisesuccess and
survival rate of implants placed with and without grafting materi@enerally the
changeoverfrom autogenous bongraft to bone replacement grafts as a donor
substitutehas been one of threajortendenciesn direct sinus lift surgery. The use of

biomimeticimprovementfactors, used in combination with bone replacement grafts,
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is also gaining momenturm sinus surgeriesSuccess of the graft procedure is
measureds it relates to implant placement, ahds secondary outcome measures
including the percentagef histologic new vital bone formatioas well as clinical
implant survival rates are usgti1-143]. Not just the ype of bone graft, but alsts
particle sizg if a particulate graft ispreferred will affect the quality of new
organizedbone, the speed of osseous turnover, and the final bone dersdy.
clinicianods ti mel i msedefired becanseflalzeset factgxd a c e me
Xenograftsestablisha largefraction of bone substitutes in the comparison with
autogenougraft. Thesucces®f the xenograftbased onts osteoconductivéeature

with the formation of approximately 25% vital bone by volume at 6 to St
Additionally, xenograft does not appear to resorb with time, which results in the
addition of approximately 25% of mineral content, although this residual graft
material is norvital. Finally, histologic evaluation hadiscoveredthat the residual
graft substitutes never seen in direct contact with the implant surface, and therefore
it does not appear to interfere with osseointegration. Instisadresidual graft
particles are interconnected Bgctionsof new vital bone, a process that has been
termedit b o n e b [d41]dThus,Regayraft may be considered the gold standard

norrautogenous sinus grafting material.

1.4.3 Sinus Lift Techniques

The laterawindow techniquevasmodified CaldweHLuc procedurenvolves
exposure of the lateradinus wall. Surgical access to the sinus cavity rbay
achieved in two different methods The most popular method igi t rdeop
t echni gue 0 jn fracturingof theelateralsmus walike a trapdoor and
using ths boneas the superior border of the sinus compartment while leaving it
attached to the underlying Schneiderian membrane. Thepdggsar technique
involves preparing an access hole by removing the ecidiieral plateprior the

membrane elevatiof32].

The maxillary sinussurgery by thdateral approach is mainly indicated in
case of reduced residual bone height, when implant placement using the osteotomy

technique is ngbromising
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The following are some of the indications for the use bone graitirige

sinus cavity

1. Insufficient vertical bone height (<5mm) due to implant placement.
9 Sinus pneumatization

1 Alveolar ridge resorption

1 Combination of the above

2. Oroantral fistula repair

3. Alveolar cleft reconstruction

4. Le-fort 1 with graft reconstruction

ol

. Cancemwith reconstruction of craniofacial prostheses

Guidelines to sinus grafting may also include the following:

1. Residual alveolar bone height (<10mm)
2. At least 4mm width of residual bone

3. No history of sinus pathology

4. No significant history of sinus disease

5. No anatomical limitations due to anatomical structures or scars after

previous surgery

Contraindications:

Contraindications for maxillary sinus augmentation include:

9 General Medical contraindications:



28

1. Radiation treatment to the jaw region
2. Septicemia

3. Serious mdical fragility

4. Uncontrolled systemic disease

5. Excessive smoking

6. Excessive alveolar or substance abuse
7. Psychophobias

1 Local factors that may contraindicate subantral augmentation include:
1. Sinus infections

2. Chronic sinusitis

3. Alveolar ablation due to scar

4. Odonbgenic infections

5. Inflammatory lesions or pathological

[o2]

. Severe allergic rhinitis

1.4.4 Surgical Technique

Tatum, Boyne & James et al., and Wood & Moore were the first authors to
describe an augmentation technique for the floor of the maxillary §irids116,
144] This technique comprised the creation of an access to the maxillary sinus via a
window through the lateral bone wall. A mucoperiosteal trapezoidal flap is raised
after a midcrestal horizontal incisioroag the horizontal portion of the palatal vault,
and an anterior and a posterior vertical releasing incision. The anterior incision is
made next to the last tooth in the area, while the posterior incision is made in the

posterior part of the infrazygomatizest. The exact location depends on the extent
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of implant insertion surgery and related bone augmentation. The mucoperiosteal flap
is elevated so as to expose the lateral bone aspect of the maxillary sinus.

The surgicaléchnique is performed as follovgretails

1 Local anesthesiaf the buccal and palatal surgical sites

9 The initial incision (midcrestal) is extended wdleyondthe planned
expansion of the osteotomy. The incision is performed pmsition beyond the
leading edge of themaxillary sinus ad is made above and extended into the
vestibule to facilita# mucopeosteal flap elevation (Figure13).

@

Figure 1.13. Mucoperiosteal flap elevation

1 The mucoperiosteal trapezoidélhp is elevatedslightly to the expected
height of thewindow

1 After exposing the sinus side wdllone a medium sizedound diamond
buris used withabundanirrigation to mark outline of the ostewny. The holes are
then connected to complete the outlining of the bone win@léigure 114.). The
preparéion is continued wh piezotomeafter the bone has been reduced to a thin
bone plate, until a bluish hue of the sinus membrane is observed.
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Figure 1.14. Lateral bone window

1 The next stegs the sinus membrane dissectidh the buccal wall is
removed, the sinus membraneeievated diectly with blunt instruments (§ure
1.16). The membrane elevation provides adequate space for the graft material
placement. The sinus membrane should be carefully and completely elevated to
avoid perforations. Depending on the clinical canditn and t he sur geon:q
the clinician can use a delayed technique (in second subsequent stage with the

implants are placeddr simultaneouplacement of the implant.

Figure 1.15. The appearance of the elevated sinus membrane
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When indicated{he creationof a largebonewindow permitsthe exposure
and elevation of the sinus membrane from sfius bony walls includinghe
posterior wall. When implant placement is planned in the canine and premolar
regions, minimal buccgbalatal dimension casometimeshrinkaccess such that the
implant is inclined far too palatal. A large window improves access and allows just
enough fracture of the lateral wall of the nasal cavity such that it can be pushed
inward in order to create space for appropriatelampangulatior{140]. Bony plate
Is either removed before thmembrane elevatigror infractured to be used as the
superior border of the sinus compartment. If removed, the schneiderian membrane is
elevated direity with blunt instruments. The shapes of the instruments available
during the procedure play a role in the need to remove parts of tlaetgdptilitate
membrane elevatioMembrane integrity i€ritical in the containmenof the bone
graft and itcan ke diagnosed either using the Valsalva maneuver, araoyious
checkupthat the bony window or membrane moves along with respiratory rhythm. If
a twostage sinus elevation geferred bone substitutes placed into the newly
made compartmerdf the caviy (Figure1.17.). The lateral window is then covered
with a resorbable or neresorbableébarrier membranand the flap is close(Figure
1.18). If a onestage sinus elevian is chosen, the implant sockets are dribér
sinus membrane elevatio@Grafting material is placed into the medial aspect of the
sinus compartmertiefore theamplant placemen{Figure 1.19.). After the placement
of the implants the lateral part of theompartment is also filled with grafting

material.

Figure 1.16. Grafted sinugavity
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Figure 1.17. Covering lateral window with resorbable collagen membrane

Figure 1.18. Inserted implants

After surgery, condition of maxillary sinus was radiologicalyannedfor
any radiologically noticeable abnormalitiesmucosal thickening nim), type of
mucosal thickening (no thickening, basal, circular, cystic, total shadowing),
obstruction of physiological opening (yes/no), additional opening (yes/no),
pneumatizeaniddle turbinate of the nasal cavityconcha bullosd yes/no. Volume

of maxllary sinus (mm3) was also measured after surgery.

1.4.5 Complications

Complications encountereduring and after sinus lift proceduiaclude

membrane perforation, bleeding, sinusitis, cyst discovery, sinus cavity obliteration,































































