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1 | INTRODUCTION

Maxillary sinus elevation surgery is considered the most predictable of
the bone augmentation procedures currently employed.! The reported
outcome criteria from evidence-based reviews include measures of
both procedural success and implant survival, which have been shown
to be remarkably high.Z'6 Notably, complications are infrequent, and
those that occur after sinus grafting are usually localized and readily
solved; however, they can sometimes be serious in nature.”® It should
be appreciated that many reported complications arise from an incor-
rect preoperative diagnosis. The recognition of preexisting sinus pathol-
ogies and the myriad of existing internal sinus anatomic variations are
factors that should be incorporated into preliminary surgical decisions.

Another determining factor in the success of a surgery is the
human factor? In each surgical procedure, the specific training

and the number of procedures performed by an operator correlate
strongly with clinical outcome. Importantly, the data discussed
within the context of the literature often refer to research hospitals
or highly trained clinicians as principal operators. Toward this end,
these data may not accurately reflect outcomes experienced by the
general body of clinicians conducting these procedures.

Moreover, even a highly experienced surgeon could underper-
form in some specific situations. Principal operator performance is
optimized further with well-trained surgical team members, patient
selection, and available resources (ie, the type of surgical facility and
surgical instruments). To increase safety, improve efficiency, and re-
duce operative error, some have advocated for preoperative “time-
outs” and “checklists,” which signal collective awareness to the
operative team of known factors of complications before/during/
after each sinus augmentation procedure (Figure 1). Thus, checklists
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provide a means to safeguard patients and minimize risk through in-

creased team cohesion and coordination® (Table 1).

2 | PATIENT SELECTION

Maxillary sinus elevation is a procedure that modifies the local
anatomy of the sinus and may temporarily impair sinus homeostasis.
Though no controlled clinical trials have been performed to assess
the correlation of complications following maxillary sinus elevation
and initial anatomo-physiologic status of the maxillary sinus, it is rea-
sonable to speculate that the success rate of the procedure could be
partially related to the baseline condition of the maxillary sinus.** It
is therefore mandatory to perform a thorough preoperative evalu-
ation of the sinus to reduce intra- and postoperative complications
prior to planning a maxillary sinus elevation.*?

Patients in need of maxillary sinus surgery should undergo ap-
propriate radiologic evaluation with the aim of visualizing not only
the upper dental arch but also for evaluation of the osteomeatal
complex of the maxillary sinus. For this reason, a proper preoper-
ative evaluation should include not only orthopantomography but
also cone beam computed tomography extended to the orbit.*>%*

It is extremely important during the first consultation to collect
a complete history of potential conditions affecting the maxillary
sinus, such as nasal obstructions, facial trauma, sinus infections, al-
lergic symptoms, smell and taste dysfunction, atmospheric pressure
changes-related discomfort, chronic respiratory diseases, previous
nasosinusal surgeries, facial deformities, scars, and mouth breath-
ing,15 If the anamnesis is positive or there are symptoms of sinusitis,
it is advisable to ask for an otorhinolaryngologist consultation.

The same assessment should be made in cases that present ra-

diologic signs of radiopacity, previous sinus treatments, impaired

Poor
Diagnostic

Poor
Equipment

FIGURE 1 Different factors could lead to a clinical error; even the
experienced clinician in a stressful environment could underperform

nasal breathing, and chronic respiratory diseases. Even acute rhi-
nosinusitis could represent a temporary contraindication to sinus
surgery since viral and bacterial infection are very often difficult
to distinguish. If symptoms regress or the patient improves in less
than 5days without any treatment it is possible to assume that it is
a common cold, and analgesics, nasal saline irrigation, decongestant
could be used as effective treatment. If symptoms do not regress
after 10days of treatment, an otorhinolaryngology consultation is
mandatory before the sinus surgery. After proper treatment of the
infection a 30-day waiting period is advisable to obtain adequate
mucosal trophism and osteomeatal complex patency.!+*¢

The recommendations shown in Figure 2 serve as a guide for the
implantologist on how to interact with the otorhinolaryngologist to
find the appropriate course of treatment regarding radiologic find-
ings in the sinus. Any radiologic findings should be interpreted along
with a proper sinus history and after having evaluated any possi-
ble clinical symptoms that the patient might have. Notably, mucosal
thickening up to 3mm in the absence of acute rhinosinusitis symp-
toms does not require any further investigation if the osteomeatal
complex is patent. Any mucosal thickening, if related to osteomeatal
complex closure, needs a specific otorhinolaryngology evaluation. In
addition, a mucous retention cyst does not require any further inves-
tigation if the cyst, even after the elevation of the sinus membrane,
does not interfere with the osteomeatal complex or if the cyst is
located in a different area (ie, distal wall of the sinus).

Other important considerations include treatment planning of
adjacent-site dental needs, hard-tissue dehiscence, and assessment of
pathologic processes. Any foreign bodies (teeth, implants) should be
removed prior to surgery. In addition, a bony wall dehiscence with soft-
tissue closure in the context of a healthy sinus is not a contraindica-
tion to maxillary sinus elevation. A missing sinus wall with hard-tissue
erosion should always be regarded with great suspicion and requires

specialist evaluation in order to exclude neoplastic conditions.

3 | PREOPERATIVE DIAGNOSIS,
PLANNING, AND EVALUATION OF CASE
DIFFICULTY

Patient selection and proper preoperative diagnosis is a fundamental
step to avoid intra- and postoperative complications. The patient's
facial profile must be evaluated before the surgery: Patients with a
short face tend to have a thick sinus wall and a zygomatic process
that has a more coronal cant. With these notable characteristics,
patients that present with anatomically short facial dimensions are
more difficult to treat compared with patients with longer facial di-
mensions. The dimensions of a patient's mouth, the ease to retract
cheeks, and the side that is to be operated also play an important
role in operator visibility/accessibility of the surgical field.
Furthermore, the span of the edentulous region and lateral wall
thickness are other important factors to be evaluated before the
surgery. As a general rule, short-span edentulism is more difficult
to treat than long-span edentulous patients (eg, missing bicuspids
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Patient: ________ Date: ______________

Preoperative
1. Medical history is properly completed? YES O NO O
2. The informed consent is signed YES O NO O
3. Radiographs checked and put on display YES O NO O
4, Intervention site clearly indicated and confirmed with the patient... YES O NO O
5. Sterile disposable materials stock controlled YES O NO O
6. Surgical instrumentarium is functioning and set up YES O NO O
7. Grafting materials and membranes available YES O NO O

Operating room checklist
8. Antibiotic prophylaxis properly done YES O NO O
9. Appropriate clothing for the operating session YES O NO O
10. Vital signs are monitored YES O NO O
11. Any premedication administered (ie, chlorhexidine /hydrogen peroxide) YES O NO O
12. Peri-oral region properly disinfected? YES O NO O
13. Sterile drapes properly placed? YES O NO O

Postoperative
14. No hemorrhaging present YES O NO O
15. Removable denture adjusted and returned to patient YES O NO O
16. Postoperative information provided YESO NO O
17 Postoperative medications provided/prescribed YESO NO O
18 Operative record properly completed YESO NO O
19. Postoperative X-ray examination prescribed YESO NO O

COMMENTS

Primary Responsible Name: Sign:

and molars). Preoperative examination of three-dimensional radio-
graphs can provide clinicians with information on the thickness of
the lateral wall of the sinus, thickness of the sinus membrane, the
presence and direction of sinus septa, the presence and the location
of alveolar antral artery, the presence of bone dehiscence, and ana-
tomic variations.

Once a thorough preoperative evaluation and surgical diagnosis
are completed, it is possible to assess, within reason, the surgical
risk and determine the level of experience/expertise that is neces-
sary to achieve a positive/predictable outcome. The Maxillary Sinus
Elevation Difficulty Score worksheet (Table 2) awards difficulty
points for a number of clinical situations that may be encountered.
By simply adding up the case scores, a clinician can determine if the
case falls within the general guidelines of difficulty suggested by the
authors. The clinician's experience level should match well to the

case difficulty level.

4 | PREOPERATIVE CONTRAINDICATIONS
TO MAXILLARY SINUS ELEVATION

If the medical history is positive or there are symptoms of sinusi-
tis, it is advisable to ask for an otorhinolaryngology consultation. A
specific maxillary sinus anamnesis has been proposed for a correct

1Y presented a

preoperative sinus evaluation (Table 3). Pignataro et a
series of clinical recommendations concerning ear, nose, and throat
contraindications to maxillary sinus elevation (Table 4). A prospec-
tive clinical study evaluated this approach and confirmed its reliabil-
ity in 34 patients. No one presented with presumably irreversible
ear, nose, and throat contraindications, but 38.2% presented pre-
sumably reversible ear, nose, and throat contraindications and were
consequently treated with no complications after the sinus floor el-

evation procedure'® (Table 5).

5 | INTRAOPERATORY COMPLICATIONS
51 | Membrane perforation
5.1.1 | Incidence of membrane perforation

Schneiderian membrane perforation is the most common intraop-
erative complication during sinus floor elevation.”®? Therefore, it
is not surprising that the characteristics and mechanical properties
of the sinus membrane have been extensively investigated.?°"?* The
Schneiderian membrane is the mucous membrane covering the inner
part of the maxillary cavity. It consists of an overlaid periosteum
with a thin layer of a pseudo-stratified ciliated epithelium and highly
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vascularized connective tissue.?’ It has been shown that it contains
osteoprogenitor cells, leading some to speculate a possible role of
the membrane in bone formation.2>2¢ Therefore, maintaining the in-
tegrity of the sinus membrane may be desirable not only for a better
stability and blood supply of the graft but also for a possible acceler-

ated bone formation.?>?”

There is a high degree of variability reported in the litera-
ture for the incidence of perforations. According to a systematic
review by Pjetursson et al,* the incidence of membrane per-
foration ranges from 0% to 58.3%, with a mean occurrence of
19.5%. Another systematic review and meta-analysis reported a
weighted perforation incidence rate of 23.5%, ranging from 3.6%

RADIOLOGICAL FINDINGS THAT REQUIRE FURTHER INVESTIGATIONS

COMPLETE SINUS RADIOPACITY

TOTAL OR PARTIAL SINUS RADIOPACITY WITH BONE EROSION NOT DUE
TO DENTAL OR PERIDONTAL INFECTION

Coronal CT image showing soft tissue A. Coronal CT image showing an expansive lesion affecting the right nasal Cone beam CT scan image showing a mass located on the right maxillary

material occupying both maxillary cavity. The medial maxillary wall and some of the ethmoidal cells appear sinus floor. The cranial portion of the mass protrudes into the sinus with a
sinuses and opacifying some of the  eroded by the mass, while the septum has been pushed contralaterally. The thin osseous rim, mimicking a cyst. The medial/inferior part of the mass
ethmoidal cells. This bilateral CT left maxillary sinus and the left nasal cavity appear unaffected by the erodes the alveolar process and the hard palate, thus suggesting an
involvement suggests a chronic neoplasm. The right lateral maxillary wall, the palate and the right lamina infiltrating behaviour which calls for further radiological evaluation. B.
rhinosinusitis with nasal polyps, which papyracea do not appear involved by the neoplasm, thus suggesting a non- Contrast-enhanced T1-weighted MR coronal image from the same patient.
has to be confirmed by clinical invasive behaviour. B. Contrast-enhanced T1-weighted MR coronal image  The mass appears now composed of two distinct portions: a mucous-filled
inspection or endoscopy. from the same patient. Mucous content (hyperintense) can be seen in both  cranial portion and a solid inferior portion with mild contrast-enhancement
maxillary sinuses, while the neoplasm affects only the right nasal fossa, that invades the hard palate bone. Further histological evaluations will
without involving the septum. The columnar features characterizing the diagnose a poorly differentiated squamous carcinoma of the maxillary sinus.

mass are often a typical diagnostic feature of inverted papilloma, as in this

case.

MUCOSAL THICKENING WITH NO PATENT OSTIUM

Mucosal thickening and no patent osmium requires an ENT evaluation prior to
maxillary sinus surgery. Pharmacological and/or surgical therapy will be evaluated by
the ENT specialist.

FOREIGN BODY IN THE SINUS

Calcification and mucosal sinus Sinus mucosal thickening and implants inside the sinus that can change position over time

mucosal thickening most often
indicating fungal sinusitis that could
be caused by endodontic cement
that went inside the sinus during
end treatment

FIGURE 2 Radiologic sinus findings that require and does not require further investigations by otorhinolaryngologist. CT, computed
tomography; ENT, ear, nose, and throat; MR, magnetic resonance; OMC, osteomeatal complex
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RADIOLOGICAL FINDINGS THAT DOES NOT REQUIRES FURTHER INVESTIGATION BY THE OTORHINOLARYGOLOGIST

SEPTAL DEVIATION WITH OMC CONCHA BULLOSA WITH OMC
PATENCY PATENCY

HEALTY SINUS

In an healty sinus the sinus Coronal CT image showing a right Coronal CT image showing a concha

membrane is not visible and the cartilaginous septal deviation. A small bullosa (i.e. an air-filled pneumatization) of

OMC is patent concha bullosa (i.e. an air-filled both left and right middle turbinates. The
pneumatization) is visible in the cranial right concha bullosa, significantly larger, is
portion of the left middle turbinate. biparted.

BONE DEHISCENCES AT THE LATERAL / PALATAL WALL OR FLOOR OF

THE SINUS WITH SOFT TISSUES CLOSURE MUCOSAL CYST THAT DOES NOT INTERFERE WITH SINUS ELEVATION

Abony wall dehiscence with soft tissue closure and health sinus is not a A mucosal cyst that does not interfere with the elevation procedures
contraindication to maxillary sinus elevation associated to a patent OMC doesn’t need further ENT evaluation

MUCOSAL THICKENING WITH OMC

PATENCY MUCOSAL THICKENING DUE TO PERIAPICAL INFECTION

CT coronal image showing a partial A limited mucosal thickening associated to a periodontal, periapiacal infection with a patent OMC doesn't need further
opacification of the caudal portion of the ENT evaluation

right maxillary sinus. In this patient both

the maxillary sinus infundibulum and the

ostiomeatal complex are nevertheless

bilaterally pervious, thus potentially

granting a correct sinusal secretion

drainage.

FIGURE 2 (Continued)

to 41.8%.28 This variability is likely due to anatomic-, surgical-, and risk factors for membrane perforation. Multiple risk factors can
patient-related factors that affect the risk of membrane lacera- contribute to increase the incidence of sinus membrane perfora-
tion.”1?2%30 |t is therefore crucial to know and be aware of the tions (Table 6).
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TABLE 2 Factors associated with maxillary sinus elevation difficulty and the associated scoring system

Risk factor for perforation

Anatomic-related factors
Sinus membrane thickness
Presence of sinus septa
Direction of sinus septa
Height of sinus septa

Type of edentulism and root
position relative to the sinus
cavity

Residual bone height

Sinus width (angle between the
lateral and the medial walls)

Palatonasal recess angle
Alveolar antra artery
Buccal wall thickness
Zygomatic arch location

Bone dehiscence

Patient-related factors
Smoking habit

Preoperative chronic sinusitis
Gingival phenotype

Surgical access

Surgical access—elevation site
relative to the surgeon's
dominant hand

Simple procedure
Moderate procedure

Difficult procedure

Difficulty scoring

0 points

1.5-2.0mm

Absence of septa
Absence of septa
Absence of septa

Totally missing teeth (from second
premolar to second molar)

>4mm

Wide (angle >60°)

Obtuse (>90°)
Diameter <1 mm
<1lmm

Apically positioned
Absent

No

No

Thick (=1 mm)
Wide

Left side for left-handed surgeon or
right side for right-handed surgeon

1 point

0.8-1.49,2.01-2.99 mm
One septum
Mediolateral (transverse)
Height <6 mm

Two adjacent missing teeth
(between first premolar to
second molar)

Angle within 30°-60°

Diameter 1-2mm

1-2mm

Presented at the buccal wall

Left side for right-handed

surgeon or right side for left-

handed surgeon

0-8 points in the maxillary sinus elevation difficulty score

9-16 points in the maxillary sinus elevation difficulty score

17+ points in the maxillary sinus elevation difficulty score

5.1.2 | Factors increasing perforation rate

2 points

<0.8,>3mm

Multiple septa or septum
Anteroposterior (sagittal)
Height 26 mm

Single missing tooth
(between second
premolar to second
molar)/Presence of
teeth at the sinus
elevation area and root
into/close to the sinus
lift area

<4mm

Narrow (angle <30°)

Acute (<90°)
Diameter>2mm
>2mm

Coronally positioned

Presented at the ridge level
or the medial wall

Yes
Yes
Thin (<1 mm)

Narrow

with histologic analysis that served as comparisons. They concluded

Membrane thickness

It has been suggested that membrane thickness may influence the
incidence of membrane perforation. An in vitro study by Pommer
et al® investigated the mechanical properties of the Schneiderian
membrane. They found that the membrane had a mean thickness of
90+45pum and it can be stretched up to 132.6% of its original size
in one-dimensional elongation and up to 124.7% in two-dimensional
elongation. Additionally, thicker membranes demonstrated higher
load limits than thinner membranes, suggesting that membrane
thickness plays a key role on the incidence of perforations during
sinus floor augmentation.31

|27

A study by Insua et al“” explored the accuracy of cone beam com-

puted tomography in determining the thickness of the membrane,

that assessment via cone beam computed tomography resulted in
2.6 times more sinus membrane thickness than the histologic ex-
amination.?” Similar findings, in terms of overestimation of mem-
brane thickness with cone beam computed tomography, were also
reported by Monje et al*? in a systematic review that analyzed 31
studies; the authors also reported that current data were inconclu-
sive to link membrane thickness to the incidence of perforation.3? It
has to be mentioned that the results in the literature regarding the
influence of Schneiderian membrane thickness on the risk for mem-
brane perforation are inconclusive. This is probably due to the ret-
rospective nature of most studies conducted on this topic. Indeed, it
has to be mentioned that histologic specimens may also be prone to
shrinkage due to the nature of fixation relative to other measures.>®

A retrospective analysis by Lim et al®* aimed to evaluate whether
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Patient: Data:
Medical history
1. Do you suffer from any kind of allergies YES O NO O
2. Do you suffer from any chronic respiratory diseases? YES O NO O
3. Do you breathe from both nostrils? YES O NO O
4. Have you ever had any ear, nose, or throat diseases? YES O NO O
5. Do you use any nasal sprays? YES O NO O
6. Do you, or have you ever, suffered from sinusitis? YES O NO O
7. Have you ever visited an otorhinolaryngology or a maxillo-facial surgeon? YES O NO O
8. Do you have problems clearing your ears? (Scuba diving or descending from YES O NO O
high altitudes)
9. Do you feel a bitter taste or secretion in the posterior part or your mouth? YES O NO O
Radiologic evaluation
10. Does the computed tomography allow a correct visualization of the YES O NO O
osteomeatal complex?
11. Is the osteomeatal complex patent YES O NO O
12. Are there any signs of radiopacity in the maxillary sinus? YES O NO O
COMMENTS
Primary Responsible: Name: Sign:

TABLE 4 Ear, nose, and throat assessment in the integrated
management of candidates for maxillary sinus floor elevation
procedure (Adapted from Pignataro et al 2008)

1. Preventive-diagnostic step aimed at excluding any nasosinusal
disease that may lead to failure of the surgery

2. Preventive-therapeutic step aimed at correcting any pathologic
findings that represent reversible contraindications to a sinus lift

3. Diagnostic-therapeutic step (if necessary) aimed at ensuring the
prompt diagnosis and appropriate treatment of any possible
sinus lift-related nasosinusal complications

the morphology of the sinus membrane (normal, polypoid, irregular,
or complete thickening/obstruction) and its thickness affected the
incidence of complications. The authors observed that a membrane
thickness of up to 2mm with an irregular morphology was the most
common type of Schneiderian membrane. However, there was no
statistically significant association between membrane morphology
or thickness and the incidence of perforation or postoperative com-
plications.®* Among the studies that found a significant correlation
between membrane thickness and increased risk of perforation,
some of them reported that membrane tearing was more frequent

35-37 \whereas

in the presence of thin membranes (less than 1 mm),
Park et al®® observed that the Schneiderian membrane was signifi-
cantly thicker in patients with perforations compared with those
patients without a perforation. On the other hand, Lim et al** found
that the perforation rate was lowest when membrane thickness was
1-1.5mm and that membrane thickness less than 1mm or 2mm or
more was associated with the highest incidence of perforation.

This heterogeneity in the outcomes of studies investigating the
influence of membrane thickness on perforation rate during sinus

floor elevation is probably due to several reasons, including the

previously mentioned retrospective nature of most studies and pos-
sible confounding variables that may also affect the reported perfo-
ration rate. Indeed, several other factors, such as residual alveolar
ridge height, sinus morphology, lateral wall thickness, presence of
sinus pathoses before the surgery, presence of sinus septa, smoking
habit, the area of treatment, and osteotomy technique, can also play
a role in the incidence of perforations.3>:3¢:38-42

On the other hand, one has to bear in mind that an excessive
thickening of the membrane is usually a sign of altered sinus physi-

1*3 noticed an increased risk of sinusitis when mem-

ology. Rak et a
brane thickness was more than 2mm, whereas others stated that
sinus mucosa thicker than 5mm was correlated to an increased risk
of ostium obstruction and sinusitis.***° In particular, Carmeli et al*®
classified different grades of mucosal thickening using computed
tomography scans. They stated that a rounded sinus mucosa is usu-
ally associated with a low risk of complications following sinus floor
elevation, whereas an irregular, circumferential, and/or complete
thickening is associated with an increased risk of sinus obstruction.
Therefore, the preoperatory assessment of maxillary sinus with
computed tomography can be considered mandatory, as well as re-
ferring the patient to an otorhinolaryngologist for further evaluation
in case of membrane thickening greater than 4mm.”*’

Lastly, it is important to mention that an increased thickness
of a diseased membrane is usually correlated with a weaker mem-
brane with gelatinous texture, whereas thickening of a healthy
membrane occurs at the level of the periosteal layer and may pos-

itively contribute to its strength.”

Sinus septa
Sinus septa, or Underwood's septa, are not rare findings during sinus
floor elevation.*®*” Although a high variability has been reported in
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TABLE 5 Presumably irreversible and potentially reversible otorhinolaryngology contraindications to maxillary sinus augmentation

Presumably irreversible otorhinolaryngology contraindications

Anatomic-structural alterations:

e Serious deformities and posttraumatic, postsurgical, and
postradiotherapy scarring on the nasal-sinus walls and/or mucosa
lining

Inflammatory-infective processes:

e Reoccurring or chronic sinusitis, with or without polyps, which
cannot undergo resolution as they are associated with congenital
mucociliary clearance alterations (eg, cystic fibrosis, Kartagener
syndrome, Young syndrome), to intolerance of acetylsalicylic acid
(triad: nasal polyps, asthma, intolerance to acetylsalicylic acid), to
immunologic deficiency (eg, acquired immune-deficiency syndrome,
pharmacologic immunosuppression)

Nasal-sinus manifestations of aspecific systemic granulomatous diseases:
e Wegener granulomatosis, “idiopathic midline granuloma” and
sarcoidosis

Tumor-related:

e Locally aggressive benign tumors (eg, inverted papilloma, myxoma,
ethmoidal-maxillary fibromatosis) in antrum

e Nasal-sinus malignant tumors (epithelium, neuroectodermal, bone,
soft tissue, odontogenous, lymphomatosis, metastatic-originated) of
the maxillary sinus and/or adjacent structures

the literature, it has been estimated that the prevalence of sinus
septa is approximately 30%.7234¢4847 They consist of a bone
cortex, usually oriented in a buccopalatal direction (Figure 3A-D),
that divides the distal part of the sinus into multiple compartments;
mesiodistal septa are less common (Figure 3E,F).” Though primary
septa are congenital and arise from development of the maxilla,
it has been speculated that secondary septa develop following

tooth loss.*’

It has been shown that primary septa are more
often located in the anterior-medium part of the sinus, whereas
secondary septa are more commonly found in the posterior area of
the sinus.’® The presence and the height of septa have also been
correlated to variation in membrane thickness.’® The prevalence and
characteristics of sinus septa are summarized in Table 7.

The orientation of the septa, whether mediolateral (transverse)
or anteroposterior (sagittal) also plays a key role in the design of the
osteotomy window during sinus elevation.®%°! Wen et al** identified
a 6mm septum height as the cutoff point for clinicians to carefully
address the surgical design, as these cases may be more prone to
membrane perforation. Several approaches have been suggested for
sinus floor augmentation in the presence of sinus septa, including
one window with the wall-off/wall-gone technique, preparation of
two windows/antrostomies, or extending the window over the sep-

tum.”*>%2 Owing to the increased technical difficulties posed by the

Potentially reversible otorhinolaryngology contraindications

Anatomic-structural alterations:

e Stenosis of the drainage-ventilation pathways in the maxillary sinus
(sustained by one or more of the following anatomic alterations):
septal deviation, paradox curve of the middle turbinate bone,
conchae bulla, hypertrophy of the agger nasi cell, presence of Haller
cell), postsurgical scars or synechiae on the osteomeatal complex,
oroantral fistula. All these alterations can be resolved with surgery;
the maxillary sinus appears to be well ventilated due to a partial
uncinectomy

Inflammatory-infective processes:

e Acute viral or bacterial rhinosinusitis, allergy-related rhinosinusitis,
mycotic sinusitis (noninvasive forms), acute repeating and chronic
sinusitis sustained by one of the anatomic alterations listed above
that obstructs the sinus drainage-ventilation ways, by endoantral
foreign bodies, or by nasal polyps. Functional endoscopic surgery is
clearly indicated

Tumor related:

e Nonobstructive nasal-sinus benign tumors, both before and after the
procedure, could affect the sinus drainage-ventilation ways or when
removal does not affect the mucociliary transportation system (eg,
mucosa cysts, cholesterinic granuloma, antrochoanal polyp; all are
easily subject to correction by functional endoscopic surgery)

presence of septa, it is not surprising that several researchers found
a correlation between these anatomic structures and a higher mem-

brane perforation rate 41:42:53:54

Osteotomy technique

In order to reduce the risk of membrane tearing, new instruments
have been proposed for performing the antrostomy and replacing
the conventional rotary instruments. In a technical note, Torrella
et al®® described for the first time the use of a periodontal ultrasonic
generator to perform a lateral antrostomy. Later on, a novel device
specifically designed for piezoelectric bone surgery was introduced
with the aim of reducing perforation incidence during sinus floor el-
evation.>® The main advantages of the piezoelectric device are its
selective cutting action of mineralized tissue and its precise osteoto-
mies with enhanced surgical control.>’

Nevertheless, in a randomized clinical trial comparing the per-
formance of rotary instruments and a piezoelectric device during
maxillary sinus floor elevation, Barone et al® failed to find any dif-
ferences in the parameters investigated (perforation rate and time
necessary to perform the osteotomy). Similar findings were also
found in two other trials.’”®© However, a split-mouth randomized
controlled study found a significant lower perforation rate in the

sites that were assigned to ultrasonic surgery compared with the
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TABLE 6 Incidence and risk factors of membrane perforation

Sinus
augmentation

Factors associated with

Article Study design N Incidence of perforations (%) increased perforation risk
Alayan and lvanovski  Randomized controlled 60 13.3 Not Reported (NR)
(2018)™ trial
Barone et al (2008)°®  Randomized controlled 26 23.1 with conventional rotary NR
trial instruments, 30.8 with piezoelectric
device
Delilbasi and Gurler Randomized controlled 21 10 with conventional rotary instruments, NR
(2013)%° trial 9.1 with piezoelectric device
Kaigler et al (2015) Randomized controlled 26 30.8 NR
trial
Rickert et al (2013)>  Randomized controlled 72 111 NR
trial
Scarano Randomized controlled 24 33.3 with conventional rotary NR
et al (2015)%* trial instruments, O with piezoelectric
device
Ardekian Retrospective study 110 31.8 Residual ridge height (P<0.01)
et al (2006)%
Beck-Broichsitter Retrospective study 201 20.4 NR
etal (2018)”

Cho et al (2001)%” Prospective case series 49 18.4 overall. 37.5 when the angle was Sinus anatomy (angle between
<30°; 28.6 when the angle was 31°- the lateral and medial walls)
60°; and O when the angle was >61°

Ferreira et al (2017) Retrospective study 745 31.8 NR

Froum et al (2012) Retrospective study 40 37.5 NR

Hernandez-Alfaro Retrospective study 474 21.9 NR

et al (2006)°

Khoury (1999)72 Retrospective study 216 23.6 NR

Lim et al (2017)%* Retrospective study 29 58.6 NR

Lin et al (2015) Retrospective study 81 17.28 Membrane thickness (P<0.05)

Lum et al (2017)%° Retrospective study 167 28.1 Membrane thickness (P<0.001)
and residual alveolar bone
height (P<0.001)

Marin et al (2019)%¢ Retrospective study 137 13.9 Maxillary sinus contour
(P<0.001), membrane
thickness (P <.005)

Monije et al (2016)*° Retrospective study 40 12.5 Lateral wall thickness (P <0.001),
residual alveolar bone height
(P<0.001)

Nolan et al (2014)%8 Retrospective study 359 41 NR

Oh and Kraut (2011) Retrospective study 175 34.3 NR

Park et al (2019)%8 Retrospective study 65 39 Membrane thickness (P<0.001),
presence of sinus pathoses
before the surgery (P<0.05)

Park et al (2019)°7 Retrospective study 207 35.3 NR

Schwarz Retrospective study 407 8.6 Presence of sinus septa (odds

et al (2015)* ratio 4.7, P<0.05), decreased
residual bone height (odds
ratio 0.01, P<0.001), smoking
(odds ratio 4.8, P<0.05)
Shiffler Retrospective study 107 59.8 NR

et al (2015)'

(Continues)
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TABLE 6 (Continued)

Article

Testori et al (2012)

Tukel and Tatli
(2018)°*

von Arx et al (2014)*?

Wallace et al (2007)
Weitz et al (2014)

Yilmaz and Tozum
(2011)¥

Ghasemi
etal (2017)18

Al-Dajani (2016)%®

Jordi et al (2018)%?

Monje et al (2016)%2

Stacchi et al (2017)%°
Stacchi et al (2020)°7

Pjetursson
etal (2008)*

Study design
Retrospective study

Retrospective study

Retrospective study

Retrospective study
Retrospective study

Retrospective study

Systematic review and
meta-analysis

Systematic review and
meta-analysis

Systematic review and
meta-analysis

Systematic review

Systematic review

Systematic review and
meta-analysis

Systematic review

Sinus
augmentation
N

144
120

77

100
40
44

Incidence of perforations (%)

27.8
18.3

27.3

17.5
25

NR

23.5

24 with conventional rotary instruments,
8 with piezoelectric device

NR

15.7

12.5 (with piezoelectric device) and
16.9 (with conventional rotary
instruments)

19.5 (range 0-58.3)

Factors associated with
increased perforation risk

NR

Residual bone height 3-6 mm
(odds ratio 6.8, P<0.05),
presence of sinus septa (odds
ratio 4, P<0.05)

Smoking habit, simultaneous
implant placement, mixed
premolar-molar sites,
presence of septa, residual
alveolar ridge height
(however, these trends were
showed no statistically
significant difference)

NR
NR

Membrane thickness (P<0.001),
residual alveolar ridge height
(P<0.05), and gingival
phenotype (P<0.05)

NR

Reduced membrane thickness,
presence of sinus septa and
using conventional rotary
instruments

Using conventional rotary
instruments

Inconclusive data regarding
correlation between
membrane thickness and
perforation rate

Using rotary instruments

NR

NR

contralateral sites, in which rotary instruments were used for the
osteotomy.®! Lastly, two systematic reviews concluded that using
rotary instruments for lateral wall osteotomy is a risk factor for sinus

membrane perforation."’z63

Other risk factors

Several studies have found a significant correlation between a
decreased residual alveolar ridge height and a higher membrane
perforation rate.3>3737-4154 |t has been suggested that a reduced
residual bone height may limit the maximum elevation that can be
achieved without tearing the membrane 3137416465 On the other
hand, it should be mentioned that a study by Avila-Ortiz et aI,66 aim-
ing at evaluating the influence of residual alveolar bone height on

sinus floor elevation outcomes, failed to find a correlation between
remaining bone height, maturation, and consolidation of grafted al-
lograft in the maxillary sinus. Therefore, it is reasonable to assume
that the residual alveolar ridge height may play a role only in the
difficulty of membrane detachment and elevation during the surgi-
cal procedure but may not necessarily affect the outcome of sinus
augmentation.

The morphology of the sinus may also influence the incidence

1,5” a narrow sinus

of membrane perforation. According to Cho et a
anatomy (with an angle of less than 30° between the lateral and me-
dial walls of the sinus) was associated with a higher perforation rate
(62.5%) than a sinus with angles between 30° and 60° or even wider

sinuses was, where the perforation was 28.6% and 0%, respectively.
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FIGURE 3 A, B, Cone beam computed tomography depicts multiple septa aligned with a buccal/palatal orientation. C, D, Clinical
photographs show septal preservation following sinus membrane elevation. E, F Cone beam computed tomography depicts a mesiodistal-
oriented septum; three-dimensional rendering of the sinus more clearly denotes septum direction and morphology. A buccal-palatal septum

is visible in the posterior recess

It has also been shown that a narrow sinus morphology can more
often be found in the second premolar area, where the elevation
may be more prone to perforation.68 The angle between the roof
of the hard palate and the lateral wall of the nasal cavity (defined as
“palatonasal recess angle”) can also affect the risk of perforation.®’
Chan et al®’ suggested that an acute palatonasal recess angle (90°
or less) could pose additional challenges during sinus membrane el-
evation on the medial wall, increasing the occurrence of membrane
perforation. If the angle is acute and located approximately within
10mm from the sinus floor, care must be taken to keep the elevator
on the bone surface while not trapping or tearing the membrane.”

1% demonstrated that a narrow, tapered sinus

Similarly, Marin et a
contour was a risk factor for membrane perforation.

According to Monje et al,° a higher perforation rate occurred
when the maxillary lateral wall was less than 1.25 mm thick, with the
authors suggesting that bone density and quality can also increase
the risk of perforation.

Other factors that were found to negatively affect membrane
perforation rate include smoking habit*! and the presence of sinus
pathoses (such as membrane thickening, obstruction of ostium,
polypoid lesions or cysts) before the surgery.38 Indeed, Park et al®®
speculated that the presence of sinus pathoses can lead to poor
membrane vasculature and elasticity, secondary necrosis, and less
resistance during the elevation. In the cases of sinus pathoses, mem-
brane perforation may cause the leakage of cystic fluid or purulent
exudate, and suctioning or washing with saline to prevent contami-

nation of the bone graft is recommended.

Lastly, von Arx et al*?in a retrospective investigation, men-
tioned that smoking habit, simultaneous implant placement, mixed
premolar-molar sites, presence of septa, and residual alveolar ridge
height of 4mm or less seemed to increase the rate of perforation
rate, though statistical significance was lacking.

5.1.3 | Difficulty scores based on risk of
perforations

Based on the aforementioned factors that can potentially increase
the difficulty of the surgery and the risk of perforation, several dif-
ficulty scores have been proposed for lateral sinus floor elevation.
Tavelli et al*? introduced a difficulty score based on anatomic factors
that can increase the risk of membrane perforation, such as bone
dimension and other parameters, in order to presurgically assess the
complexity of sinus augmentation. Later on, Testori et al® further
expanded this complexity score by identifying low, moderate, and
high risk for complications of each individual anatomic- and patient-
related factor. The perforation risk assessment was then defined
based on the number of conditions at moderate or high risk of perfo-
ration.®° More recently, a complexity score defining maxillary sinus
floor elevation as simple, moderate, or difficult has also been pro-
posed by our group, with the aim of promoting a comprehensive pre-
surgical evaluation prior to lateral wall sinus augmentation, as well
as for enhancing communication between clinicians and patients

regarding the complexity of the case?’ (Table 2).
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5.1.4 | Management of intraoperative perforations

Prevention is always better than therapy; hence, a comprehensive
preoperative case assessment together with a thorough knowl-
edge of the three-dimensional sinus anatomy can significantly
reduce the incidence of membrane perforation. In any case, per-
forations do occur, and clinicians should be aware that the fragility
of the Schneiderian membrane increases if perforated. A careful
elevation of the membrane around the perforation can release the
tension on the perforated area, facilitating the elevation of the
membrane.

The size and location of the perforation determine whether or
not it is possible to continue the surgical procedure and the tech-
nique for repairing the laceration. Vlassis and Fugazzotto’® were
the first to classify membrane perforation in five types, based on
their position and extent. Later on, the same authors introduced a
simplified classification and repair system for membrane perfora-
tion with the aim of providing an easily utilized framework to deal
with this complication.” Perforations occurring in the most apical
part of the window were defined as typel. Vlassis and Fugazzotto
suggested to place a collagen membrane below the perforation
even though it may be sealed spontaneously with the elevation.
Perforations located in the lateral or coronal walls of the window
were classified as typell. In these scenarios, clinicians should eval-
uate whether it is possible to extend the antrostomy 4-5mm prox-
imal to the perforation (type IIA if possible, type IIB if not). It was
suggested to treat type IIA perforation by enlarging the osteotomy
until exposing further intact membrane and applying a collagen
barrier after membrane elevation. Fixing a collagen membrane to
the bone around the osteotomy was recommended for both type
11B and type Il perforations (perforations occurring at any location
within the body of the prepared sinus window). The authors pre-
sented 19 consecutively treated cases with successfully managed
sinus perforations, without any negative effects on outcome of the
dental implants.”*

Small perforations (less than 5mm) may not need to be repaired,
since the membrane tends to fold on itself when elevated from the
floor and the other bony walls. Nevertheless, an absorbable collagen
or a platelet-rich fibrin membrane can be applied as a patch below
the perforation. Other approaches for managing small or medium-
size perforations (from 5 to 10mm) can include the use of collagen
membrane with fibrin glue,”? the use of biologic agents, such as

plasma rich in growth factors or platelet-rich fibrin,”7>

autogenous
periosteal graft,”® or amnion-chorion barriers.”” In the case of large
perforations, fixating the absorbable collagen membrane with exter-
nal tacking or internal sutures has been recommended.””87? Owing
to the rigidity of the material, the use of freeze-dried human lamellar
bone sheets has also been suggested as a means of avoiding disper-
sion of the graft material into the sinus.®° The “Loma Linda pouch
technique” involves the folding of a large absorbable membrane into
the sinus in such a way that the particulate graft material is com-

pletely contained.”® This approach may compromise the vascular

 peracartoogy 2000 AU

supply for the bone graft, especially if in the case of utilizing non-
vital bone replacement grafts. Nevertheless, a study from Testori
et al”’ demonstrated the efficacy of this technique with histologic
evidence of vital bone that was not negatively affected by the oc-
currence of membrane perforation.

However, if the repair of a perforated sinus membrane does not
appear to provide a stable result, the surgery should be aborted and

the membrane allowed to heal.” According to Watelet et al 8t

com-
plete healing of the sinus membrane may take up to 6 months. After
this healing period, it is possible to repeat the sinus augmentation.
However, after the abortion of the technique and flap closure, the
buccal bony wall of the sinus usually will not reform; hence, the sur-
geon has to perform a split-thickness flap in order to detach the mu-
cosal flap by the sinus membrane.®?

To summarize, the following clinical recommendations have been
provided for membrane repair: (a) membrane elevation should not
be performed close to a laceration; (b) a small perforation may not
need to be repaired, with membranes that fold over themselves after
elevation; it is advisable to use collagen membrane or platelet-rich
fibrin to protect the elevated membrane that has been perforated
(Figure 4A,B); (c) medium- and large-size perforations require the
enlargement of the antrostomy, when possible; (d) a bioabsorbable
membrane should be stabilized in the case of large perforations’’
(Figure 4C-1).

5.1.5 | Healing of perforated membranes

Split-mouth animal studies offer the possibility of investigating the
effect of membrane perforation repairs as well as the amount of new
bone formation.®3%4 An animal study demonstrated that, after the
repair of a perforated membrane with a collagen barrier membrane,
the repaired side had a greater percentage of newly formed bone
than the nonrepaired side, although no statistically significant dif-
ference was found.®3 Although, after a 2-week healing period, graft
penetration in the sinus was not observed, at the 4-week time point
a higher penetration of biomaterial was observed in the group that
received a collagen membrane for repairing the perforation. The
authors speculated that the collagen membrane could jeopardize
the healing of the sinus membrane. After 12weeks, both groups
displayed complete healing of the sinus mucosa without any dis-
continuity. New bone formation was also observed from the fourth
week, starting from the sinus bony wall.®3 A recent animal study by

Lim et al®*

demonstrated that new bone formation was significantly
delayed at 2 and 4weeks in the perforated sinus repaired with a
collagen membrane compared with a sinus with intact membranes.
In particular, new bone formation in the region close to the lateral
and medial sinus bone walls was significantly lower in the perfo-
rated group at 2weeks, with no significant differences observed at
4 weeks. Similarly, the microcomputed tomographic and histomor-
phometric analyses revealed no significant difference in the aug-

mented volume between the two groups. The authors speculated
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FIGURE 4 A, Small sinus membrane perforation. B, Sinus membrane was elevated to the medial sinus wall. Perforation margins were
cohered by elevated sinus membrane foldback and supplemented with an additional platelet-rich fibrin membrane. C, Example of extended
sinus membrane perforation (Courtesy of Testori T. With permission Acme, Viterbo, Italy). D, Fixation of resorbable membrane with titanium
nails (Frios, Friadent, Mannheim, Germany) was achieved. Bio-Gide (Geistlich Pharma Ag, Wolhusen, Switzerland) was placed on vestibular
bone theca (Courtesy of Testori T. With permission Acme, Viterbo, Italy). E, Membrane was reflected inside the sinus with addition of
deproteinized bovine bone graft (Bio-Oss Spongy Granules 0.25-1 mm, Geistlich Pharma Ag, Wolhusen, Switzerland) and completed
(Courtesy of Testori T. With permission Acme, Viterbo, Italy). F, Collagen membrane (Bio-Gide, Geistlich Pharma Ag, Wolhusen, Switzerland)
was placed outside the vestibular wall to cover the antrostomy (Courtesy of Testori T. With permission Acme, Viterbo, Italy). G-I, The 5-year
follow up of panorex and clinical photographs (Courtesy of Testori T. With permission Acme, Viterbo, Italy)

that large collagen membranes covering the perforated sinus mem-
brane and the lateral/mesial sinus bony wall may act as a physical
barrier to osteogenic sources, delaying bone formation from the
sinus bone walls.®*

5 membrane repair with

According to Oncii and Kaymaz,8
platelet-rich fibrin provides similar bone gain, histologic new bone
formation, and possibly vasculogenesis, compared with sinus floor
augmentation with an intact Schneiderian membrane.

Interestingly, a recent study by Thoma et al® showed that im-
plants coated with recombinant human bone morphogenetic pro-
tein-2 had more favorable outcomes than uncoated implants did,
with a stronger osteogenic reaction, higher new bone formation, and
accelerated healing that may, at the same time, prevent the collapse
of the sinus membrane as well. Recombinant human bone morpho-
genetic protein-2 may have also had a beneficial role in cases with
perforations of the sinus membrane. Therefore, future studies are

needed to confirm this speculation.

5.1.6 | Long-term outcomes of implants placed in
perforated membranes

It has been advocated that membrane perforation can increase
the risk for graft failures, sinus infection, peri-implant bone loss,
and implant failure.”>87-?* Some researchers have reported that
the implant survival rate after membrane perforation can drop
to 50%-70%.728792 According to Hernandez-Alfaro et al,”® the
survival rate of implants placed under repaired membranes cor-
related inversely with the size of the perforation. Implants placed
in the group of membrane laceration less than 5mm showed a
survival rate of 97%, whereas in cases with a perforation size
of 5-10mm and greater than 10mm the implant survival rate
dropped to 92% and 74%, respectively.”® Nevertheless, most of
the available articles in the literature seem to support the notion
that membrane perforation does not play a role in an implant's
survival rate (Table 8).
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It can be speculated that the progressive advancement in in-
struments, materials, and techniques has significantly reduced the
incidence of membrane perforation and also has had a positive im-
pact on the success of membrane repair. It is therefore not surpris-
ing that recent studies failed to find a correlation between implants
placed under a perforated membrane and decreased survival rate,
compared with the survival rate of implants placed in nonperforated
membranes.”*?” Beck-Broichsitter et al’® recently demonstrated
that intraoperative membrane perforation can successfully be man-
aged without impairing long-term graft stability and implant survival
rate. Interestingly, Park et al®® found that nonrepaired Schneiderian
membrane perforations did not adversely affect the clinical and ra-
diographic outcomes of the implants.

Lastly, a systematic review and meta-analysis reported mem-
brane perforation to be significantly associated with postoperative
sinusitis but not with implant failure.”® Smoking and residual bone
height were found to be the only two factors affecting implant
survival.”®

It can be concluded that, although membrane perforation may
result in higher risk for postoperative complications, including sinus

38,88,99

congestion, infection, and nasal bleeding, implant survival

rate seems not to be affected by the membrane perforation.

5.2 | Intraoperative bleeding

Intraoperative hemorrhage during sinus floor augmentation com-
monly results from injury to branches of the vascular supply of the
lateral sinus wall during preparation of the lateral wall using rotary
instruments. Bleeding may also occur from the soft tissues during
flap elevation. Intraoperative bleeding is usually minor, but in some
instances it can be difficult to control with decreased visibility.
Zijderveld et al® reported profuse bleeding that compromised the

visualization of the antrostomy in 2% of cases.

5.2.1 | Pertinent vascularity in the maxillary
sinus area

The hematic contribution to the maxillary sinus is guaranteed by
three main arteries, subdivisions of the maxillary artery: the infraor-
bital artery, the posterior lateral nasal artery, and the posterior su-
perior alveolar artery, all of which may be encountered during lateral
approach sinus elevation surgery.

The vascularization of the antero-lateral wall of the sinus,
which is involved in sinus lift surgery when the lateral approach
is carried out, is characterized by the presence of the alveolar
antral artery, an intraosseous anastomosis between the dental
branch of the posterior superior alveolar artery and the infraor-
bital artery.1%°

Such an intraosseous anastomosis, although radiographically ev-

100-102

ident in almost 50% of cases, courses halfway up the lateral

sinus wall and is reported in the width of the cortical bone of the
lateral wall of the maxillary sinus in 200% of cases.10%:103.104

The posterior superior alveolar artery and the infraorbital artery
form intraosseous and/or extraosseous anastomoses in the lateral
wall of the sinus®® (Figure 5A).

According to Rosano et al,}% the alveolar antral artery can
display three different patterns: completely intraosseous, par-
tially intraosseous, or extraosseous (under the periosteum of the
lateral sinus wall). This pattern depends on the location as well,
with the artery commonly found strictly close to the Schneiderian
membrane and partially encased in the lateral sinus wall in the
molar region.’®® Solar et al'®® observed the intraosseous anas-
tomosis in all the specimens examined, with a mean distance of
18.9-19.6 mm from the alveolar bone crest. However, there seems
to be a high degree of variability in terms of pattern, course, and
distance from the alveolar bone margin of the alveolar antral ar-
tery. Though confirming the presence of the intraosseous alveo-
lar antral artery in 100% of the anatomic cases, Rosano et al'®®
found a mean distance from the vessel to the alveolar ridge
of 11.25mm.

A narrative review by Valente!®®

concluded that the intraosseous
alveolar antral artery runs 11.25 to 26.90 mm from the alveolar crest
(17.91 mm on average), leading the author to recommend the use of
computed tomography to assess its exact location prior to the sinus
augmentation procedure.

The vessel usually has a small diameter, less than 1 mm, but
vessels with diameter greater than 2.5mm have also been de-
scribed.}%¢71%8 The diameter of the vessels can significantly affect
the amount of bleeding, with a 0.5-1mm diameter alveolar antral
artery accounting for intraoperative bleeding in about 10% of cases,
whereas the likelihood of hemorrhage is around 57% when the diam-
eter of the vessel is 1-2mm, according to Ella et al.1o”

Even if the transection of such an artery is not life threatening,
because its hemorrhage mostly resolves itself owing to a reactive
contraction, impairment in visualization of the Schneiderian mem-
brane may occur, especially when the alveolar antral artery diame-
ter is relevant, making its elevation far more difficult and interfering
with placement of the graft material 1%

When a large-diameter alveolar antral artery is running in the
designated area of the antrostomy, it has been suggested either

to ligate the vessel (Figure 5B-F)%7

or to isolate it by performing
a double window antrostomy.!*° Piezoelectric surgery can also be
used to perform the antrostomy while preserving the integrity of
the blood vessel and membrane.’® According to Wallace et al, ' the
utilization of piezoelectric surgery rather than rotary diamond burs
led to a dramatic reduction in membrane perforation and intraoper-
ative bleeding.

Concerning the analysis of the medial wall of the sinus, it has been
shown how the branches from the anterior ethmoidal artery (branch
of the ophthalmic artery) as well as the posterior lateral nasal branches
of the sphenopalatine artery (branch of the maxillary artery) have an

important role in the vascularization of this anatomic region.
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FIGURE 5 A, Avascular system that innervates the maxillary sinus vestibular wall. The infraorbital artery and the posterior superior
alveolar artery form an intraosseous anastomosis (dotted line) as present in all cases and an extraosseous anastomosis as present in 40%

of cases. (AAPS, posterior superior alveolar artery; AE, extraosseous anastomosis; Al, intraosseous anastomosis; AlO, infraorbital artery;
AM, maxillary artery; Courtesy of Testori T. With permission Acme, Viterbo, Italy.) B, C, Preoperative computed tomography scan images.
Bony canals (arrows) identified in the right and left lateral antral wall with close proximity to the alveolar ridge (Courtesy of Testori T. With
permission Quintessence Publishing Co., Inc. Chicago, USA). D, Detection of the alveolar antral artery during left sinus floor augmentation;
measuring nearly 3mm in diameter (Courtesy of Testori T. With permission Quintessence Publishing Co., Inc. Chicago, USA). E, Alveolar
antral artery (arrows) after ligation (Courtesy of Testori T. With permission Quintessence Publishing Co., Inc. Chicago, USA). F, Postoperative
computed tomography scan (panoramic view) following bilateral maxillary sinus floor augmentation (Courtesy of Testori T. With permission
Quintessence Publishing Co., Inc. Chicago, USA). G, Vessel measured at 0.75mm in diameter with periodontal probe (Courtesy of Testori T.
With permission Acme, Viterbo, Italy). H, Mesial vascular trunk measurements taken with periodontal probe (Courtesy of Testori T. With
permission Acme, Viterbo, Italy). I, J, Laceration to the intraosseous anastomosis incurs significant bleeding or hematomas postsurgically
following clearance of vasoconstrictive local anesthetics. As such, bone wax can be locally applied to support hemostatic events. (Courtesy

of Testori T. With permission Acme, Viterbo, Italy)

Small branches deriving from the posterior lateral nasal arteries have
been found to perforate the nasal wall laterally and reach the mucosa
of the maxillary sinus.’°® This fact presents the potential for a bleeding

complication during a lateral approach to sinus elevation surgery.

5.2.2 | Management of intraoperative bleeding

In the case of excessive intraoperative hemorrhage, it has been
suggested to apply direct pressure with a gauze and use a local-
ized vasoconstrictor first. If the bleeding persists and the vessel
is intraosseous, then other strategies include the use of bone wax

(Figure 5G-J), crushing the bone channel around the vessel with a

hemostat, or electrocauterization.

5.3 | Other intraoperative complications

Other intraoperative complications include tears in the buccal flap
and injury to the infraorbital nerve. Injury of the infraorbital neuro-
vascular bundle has been reported occasionally.* This can be due to
full-thickness vertical releasing incisions in the premolar area, pres-
sure on the nerve during flap retraction, or sharp dissection during
flap releasing.”
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6 | EARLY POSTOPERATIVE
COMPLICATIONS

6.1 | Incidence of early postoperative
complications

Early postoperative complications include those that may occur
within the first 21days after sinus augmentation procedures.*'!
Edema, ecchymosis, discomfort, epistaxis, bleeding from the surgi-
cal area, and mild congestion are common events that can be consid-
ered within normal limits following sinus floor elevation. Major early
complications are relatively uncommon and include sinus infection,
graft infection, postoperative sinusitis, sinus obliteration, profuse
epistaxis, flap dehiscence or necrosis, oroantral communication, loss

of graft material, and implant migration into the sinus.

6.2 | Types of postoperative complications
6.2.1 | Sinus or graft infection

According to Testori et al,” postoperative sinus infection is more
likely to be due to the infection of the graft rather than a true sinus
infection. This complication may be caused by exacerbation of a pre-
viously existing asymptomatic and chronic condition or can be due
to bacterial contamination.” Seasonal allergy and endodontic or per-
iodontal problems can lead to inflammatory changes that block the
osteomeatal complex, with increased risk of acute sinusitis following
sinus augmentation. Other etiologic factors for postoperative sinus
graft infection include preoperative sinusitis, graft contamination
during the surgery or due to membrane perforation, graft migra-
tion into the sinus cavity, or blockage of sinus drainage after mem-
brane elevation due to the presence of a mucous retention cyst or
excessively thickened sinus membrane.”?*78112113 |dentifying these
contributing factors and treating them accordingly before sinus
floor elevation is crucial for reducing the risk for complications.”
Membrane perforation has also been associated with increased in-
cidence of postoperative sinusitis,**¢%78 although other studies did
not confirm this correlation.>*8%114

A systematic review by Pjetursson et al* reported the relatively
low incidence of grafted sinus infection (0%-7.4%), which is usually
seen between the third and seventh days postoperatively. In par-
ticular, the risk for infection seemed to be increased in the case of
membrane perforation.* This finding was confirmed by other stud-

ies,41'88'99 |88

with Nolan et al®® reporting that membrane perforation
occurred in 85% of the sinuses that developed postoperative infec-
tion. Nevertheless, others did not observe a different incidence of
postoperative sinus infection for perforated versus nonperforated
membranes.3®54 Postoperative sinus infection was found to lead to
graft failure in a retrospective study by Testori et al.*

On the other hand, sinus graft infections are probably the most
common form of infection following sinus augmentation, with an es-

timated incidence of 2%-5%. Commonly observed symptoms include

local tenderness, nasal obstruction, pain, swelling, fistula formation,
flap dehiscence, and suppuration foul smell and taste. These symp-
toms may occur within the first 2weeks or also after a few months.
The radiographic appearance of a “black hole” in the central portion
of the graft is usually indicative of graft infection.

6.2.2 | Obliteration of the sinus drainage pathway

Although sinus obliteration is a rare complication, the blockage of
sinus drainage through the ostium following the elevation of the
membrane can occur in the presence of a mucous retention cyst.
Mucous retention cysts do not represent an absolute contraindica-
tion for sinus floor elevation, as small cysts can be drained during the
surgery. Nevertheless, large cysts may need to be treated prior to
sinus floor elevation by an otorhinolaryngologist.”**> A cyst occupy-
ing two-thirds of the total volume of the sinus is likely to block the

drainage of the sinus if the membrane is elevated.” Testori et al**

sug-
gested that aspiration of mucous retention cysts can be performed at
the time of the sinus floor augmentation, without a negative effect
on the incidence of intra- or postoperative complications. Most of
the patients showed radiographic disappearance of the lesions after
a mean follow-up of 5years, but an asymptomatic residual antral cyst
of reduced dimensions was observed in three patients. The authors
concluded that the cumulative implant survival rate (96.8%) was not
affected by the presence (and intrasurgical draining) of mucous re-
tention t:ysts.116 Another study showed a reoccurrence of the cyst in

3% of the patients following endoscopic cyst removal.*'’

6.2.3 | Other postoperative complications

Alayan and Ivanovski’® focused on complications and patient-
reported outcomes following sinus augmentation with different
bone graft materials. No major complications were observed
within the first 2weeks postoperatively, with few patients ex-
periencing wound dehiscence, bruising, and edema. Only one
patient out of 60 reported symptoms consistent with postopera-
tive sinusitis, such as nasal congestion, postnasal drip, and facial
pressure. Another patient reported an isolated minor incident of
epistaxis after the first 24 hours.”* Mild to moderate pain with
interference to daily activities for 48-72hours was reported and
required the use of painkiller medications. Limitation to work and
social life was observed on the first day, with minimal limitation
after the second day‘94

Risk for developing wound dehiscence was found to be signifi-

41118 \with an odds ratio

cantly increased in smokers in other studies,
of 16 according to Schwarz et al.*! Ritter et al**? investigated the
association between preoperative maxillary sinus imaging findings
and sinus lift outcomes in asymptomatic patients, showing that post-
operative complications did not correlate with radiologic findings.
They concluded that abnormal preoperative findings did not confer

an increased risk for complications.
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6.3 | Management of early postoperative infection

A consensus of experts in different fields, including periodontists,
implantologists, maxillofacial surgeons, otorhinolaryngologists, and
microbiology specialists, provided guidelines for the treatment of
postoperative complications.*! If persistence of signs and symptoms
of infection beyond 3weeks is noted, a computed tomography should
be taken or sinus endoscopy completed to evaluate the maxillary si-
nuses. Graft infection can be seen in the computed tomographic scan
as a contained lesion under the sinus membrane, accompanied by
clinical signs of serum exudate from the surgical incision.?** This com-
plication can be managed with pharmacologic treatment orally ad-
ministrated, including 1 g amoxicillin/clavulanic acid three times a day
and 500mg metronidazole three times a day or levofloxacin 400mg
twice a day for 7-10days. If the symptoms (tenderness, nasal obstruc-
tion, pain, purulent discharge from the nose, suppuration, etc) persist
beyond 3weeks, regardless of the pharmacologic therapy, a surgical
approach with partial (Figure 6A-K) or total removal (Figure 7A-1) of
the bone graft is recommended. In clinical scenarios where the graft
is not contained under the sinus membrane with particles dislocated
inside the sinus, a multidisciplinary approach is mandatory to man-
age this complication; usually, a functional endoscopic sinus surgery
is performed without/with a simultaneous intra-oral approach!!!
(Figure 8A,B). Clinical guidelines for treating graft infection, sinus in-
fection, and postoperative sinusitis have been summarized by Testori

et al*** with an algorithm (Figure 9).

7 | LATE POSTOPERATIVE
COMPLICATIONS

Late/delayed complications occur, by definition, at least 21days
after the sinus lift augmentation.111 They include late infection, sinus
obliteration, lack of graft integration, lack of implant osseointegra-
tion, and graft/implant migration into the sinus. These complications
have been reported sporadically in the literature, and usually as case
reports.

Though a lack of implant osseointegration is more likely due
to an error that occurred as a result of the surgery (ie, inability to
achieve primary stability and/or insufficient residual alveolar ridge
dimension), it can also occur as a complication of maxillary sinus
floor elevation. Two cases of implant failure with the formation of an
oroantral fistula have been described.*” A case of sinus obliteration
due to maxillary sinus overpacking has also been reported, with the
patient experiencing frequent headaches, congestions, and yellow
discharge from the nose from a previous sinus lift performed 1year
previously.*?° Multiple episodes of fever had also been reported.
The computed tomographic scan revealed that the bone graft ma-
terial occupied approximately 80% of the sinus and was just below
the ostium, with possible impairing of the normal fluid movement in
the maxillary sinus.1?0

Although the exact cause is not clear, three conditions must
be present for implant migration into the sinus: lack of implant

 peracartoogy 2000 AU

osseointegration, membrane perforation, and a force pushing the
implant toward the sinus.'*> This complication was more common
when cylindrical implants were used in the posterior maxilla, whereas
today it is most likely related to the attempt of placing implants si-
multaneously with sinus augmentation in presence of 1-3mm of
remaining crestal bone, which may increase the risk of implant mi-
gration into the sinus.” This complication can be completely asymp-
tomatic or associated with reactive sinusitis and/or with oroantral
communication.*?*'?2 The implant can be removed with an intra-oral
approach (modified Caldwell-Luc procedure), functional endoscopic
sinus surgery, or a combination of these two techniques.!*>12112% |
a retrospective study, Chiapasco et al*?! reported that most of the
patients treated with these approaches completely recovered, with
only one patient that needed a reintervention due to persistent signs
and symptoms of sinusitis and oroantral communication.

When possible, the intra-oral approach is recommended, as it
does not alter the intranasal anatomy, since the uncinate process
is not removed and the natural ostium is not enlarged. Importantly,
following functional endoscopic sinus surgery, some patients com-
plained that water enters the sinus during activities such as swimming
or jumping in the water without closing the nostrils. This complica-
tion is due to modifications/removal of the uncinate process, which
naturally prevents water from entering in the maxillary sinus.

Lastly, implant intrusion into the maxillary sinus perforating the
sinus membrane has been associated with sinusitis, nasal bleeding,
nasal obstruction, mucopurulent drainage, headache, tenderness, and
decreased sense of smell.}?*"1% The level of implant penetration inside
the sinus cavity seems not to affect the incidence of complications.'?*
Nevertheless, it has to be appreciated that these data come from retro-
spective studies, making any conclusions regarding correlation between
implant intrusion into the sinus and increased risk of postoperative com-
plications difficult to assess with accuracy. Recently, an international
and multidisciplinary consensus utilizing the Delphi method on the clin-
ical management of implant protrusion into the maxillary sinuses and
nasal fossae has been published.'?’ A total of 31 experts participated,
of whom 23 were experts in implantology (periodontologists, maxillofa-
cial surgeons, and implantologists), six were otolaryngologists, and two
were radiologists. The conclusions of the studies were that osseointe-
grated implants that are shown to be protruding into the maxillary sinus
or nasal fossae on radiographs require monitoring and maintenance as
much as implants that are covered fully by bone. In the event of symp-
toms of sinusitis, collaboration between implant providers and otolaryn-
gologists is recommended. Implant removal should be considered only if

pharmacologic and/or surgical treatment of sinusitis fails.

8 | FACTORS AFFECTING IMPLANT
LONG-TERM SURVIVAL RATE IN
AUGMENTED SINUS

The longevity of outcomes after any procedure is a crucial aspect
relative to patient care that has been widely investigated in the peri-
odontal literature.>*3%7135 pParticularly with regard to maxillary sinus
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FIGURE 6 A, Preoperative panorex. B, Preoperative cone beam computed tomography depicting no significant anatomic findings;

a healthy sinus. C, Immediate postoperative panorex. The surgery was carried out without any intraoperative complication. D, Week 2
postoperatively: Oroantral communication clinically noted, and patient was prescribed an additional round (7 days) of antibiotic therapy.
E-H, Week 3 postoperatively: No clinical resolution observed, so partial graft and implant removal was completed via an intraoral approach
with patient discussion and consent. Detailed clinical procedure follows. E, Original flap was elevated. Then, F, removal of the implant and,
G, removal of loose graft particles was completed under copious saline irrigation. H, Subsequently, curettes were used to position viable
graft and collagen sponge adjacent the antrostomy, followed by primary flap closure. I, Immediate postoperative cone beam computed
tomography. J, The 11-year follow-up cone beam computed tomography at the level of the mesial implant. K, The 11-year follow-up cone
beam computed tomography at the level of the distal implant

augmentation, a large body of evidence demonstrates the efficacy of graft used for the sinus augmentation procedures affected the long-

t.4’5’136

this approach with simultaneous or delayed implant placemen term implant survival rate, with 100% bone substitute and block

A systematic review by Del Fabbro et al® found that the type of bone graft+ particulate showing the highest survival rate (96.25% and
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FIGURE 7 A, Patient referred to our institution to address a persistent infection at 3weeks post-sinus elevation. A second regimen of
antibiotics was immediately administrated (500 mg levofloxacin twice a day for 7 days) without resolution of the symptoms. Cone beam
computed tomography examination revealed a sinus radiopacity with graft particles that seem dispersed into the sinus cavity. Detailed
clinical procedure follows. B, A full thickness flap was reflected; the implant and hopeless tooth (strategically kept to anchor a metal-

reinforced prosthesis) were removed along with the graft particulate. C, After complete graft removal, a collagen membrane was fixed to the
buccal bony wall followed by primary flap closure. D, The 2 months postoperative cone beam computed tomography delineates normal sinus
mucous membrane anatomy but identifies a fenestration at the level of the antrostomy. E, At 2months postoperatively, a split-thickness

flap is performed. F, A second sinus elevation is performed, and three additional implants are positioned. G, Immediate postoperative cone
beam computed tomography shows a cemented provisional prosthesis supported by three natural abutments that will be replaced after graft
consolidation and implant osseointegration. H, The 5-year follow-up. Clinical photographs of the final prosthesis. |, The 5-year follow-up.

Panorex of the final prosthesis

98.85%, respectively). The survival rate for implants placed during
sinus floor augmentation and in a two-stage procedure was 95.95%
and 93.94%, respectively. Interestingly, 80% of the implant failure
occurred within the first year of loading, with the risk of implant
failure after 3years of function that was estimated to be 0.43%.°
In addition, studies published from 1997 to 2002 obtained a signifi-
cantly lower implant survival rate than later studies (85.66% versus
96.21%),° suggesting a progressive and substantial improvement

in sinus knowledge, complications management, and surgical tech-
niques and the use of rough implant surfaces over the last decades.
A systematic review and meta-analysis confirmed the high sur-
vival rate (97.7%) of implants placed in augmented sinus with a fol-
low-up up to 6years. Smoking habit was found to potentially play
a negative role on implant survival rate.’® In line with this result, a
retrospective study found an odds ratio of 8.3 for implant failure in
smoking patients.’®® Nevertheless, a review from Chambrone et al*®’
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FIGURE 8 A, Cone beam computed tomography depicts graft material migration to the ostium. Clinical exam reveals localized
tenderness, edema/swelling, fistula formation, and foul odor/taste. B, Cone beam computed tomography delineates normal/healthy sinus

anatomy following functional endoscopic sinus surgery

concluded that though smoking was associated with implant failure
in most of the studies included, its detrimental effect was not con-
firmed when only prospective data were evaluated.

Comparing dental implants placed in augmented versus nonaug-
mented sinus sites, a 10-year study reported no difference between

marginal bone levels.4°

9 | TECHNICAL ERRORS
9.1 | Improper location of the antrostomy

It has been our experience that clinicians new to sinus elevation tend
to make the antrostomy in a less than ideal location. Specifically, the
antrostomy is made too far superior and too far toward the distal.
This most likely results from concerns about inadvertently making the
window either anterior to the sinus or below the sinus floor, thereby
damaging adjacent roots, devitalizing teeth, or unnecessarily removing
useful bone. As the anterior extension of the sinus is generally narrow,
concomitant with increased perforation rates, antrostomy windows

should be extended to the mesial wall of the sinus floor to reduce the

perforation rate, since the surgeons are not working in a blind area that
is created when 3mm of bone distal to the mesial wall is not removed.
This design is called simplified antrostomy design.?*! This tech-
nique is indicated in fully edentulous and in partially edentulous
patients missing premolars and molars in which the sinus does not
extend beyond the cuspid root.
The simplified antrostomy design technique is accomplished in a

three-step procedure:

1. Measurements are taken on a cone beam computed tomog-
raphy for opening a small window (3mm wide by 6mm long)
just distal to the anterior sinus wall.

2. The window is extended in the anterior (mesial) direction to locate
the anterior sinus wall.

3. The antrostomy is enlarged distally as required by the internal
anatomy (septa) and the number of implants to be placed, roughly
15-20mm in the anteroposterior direction, and 3mm of bone is

left apically to sinus floor.

The simplified antrostomy design technique has two major
benefits:
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1. To provide the ideal antrostomy location for preventing mem-
brane perforations that mainly occur in narrow mesial recesses
by providing the best visual and tactile access for membrane
detachment.

2. To guarantee that the anterior sinus compartment could be ef-
ficiently and fully grafted.

9.1.1 | Low window
The low window antrostomy design is a further modification of the
simplified antrostomy design technique.’** The window is placed as

low and mesially as possible. The lower osteotomy line is placed flush

Resolution of all
symptoms and
signs after 3 weeks

No resolution of
symptoms and cBCT
signs after 3 weeks

Graft contained
Second regimen of
under the sinus ibictics
membrane

Maxillary sinus
elevation
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with the sinus floor, and the mesial line is always flush with the sinus
anterior wall; like in the simplified antrostomy design technique, the
window is usually 6-8mm in height that allows one, in most cases,
to avoid any intraosseous anastomosis. The distal osteotomy is posi-
tioned to correspond to the most distally planned implant. The posi-
tion of this osteotomy design provides specific surgical advantages.
Placement of the lower horizontal osteotomy flush with the sinus floor
eliminates any residual bone wall that could hinder detachment of the
sinus membrane, and there are no more “blind spots.” The position of
the distal osteotomy line is optimized according to the position of the
most distal implant, typically 15-20mm in the mesiodistal direction.
Using dedicated software, sinus surgical guides for the antros-

tomy can be fabricated to help the clinician to easily locate the

Resolution of all
symptoms and
signs

Resolution of all
symptoms and
signs.

No resolution of
symptoms and Partial graftimplants Monitor the patient
igns removal

removal via intraoral
‘approach with or

without intranasal

approach (FESS)

Graft not contained
under the sinus
membrane

No resolution of ‘
symptoms and Total graft removal
|

FIGURE 9 Algorithm for treatment of sinus graft infections, sinus infections, and postoperative sinusitis. CBCT, cone-beam computed
tomography; FESS, functional endoscopic sinus surgery. (Reprint Periodontology 2000 Testori et al)

TABLE 9 Clinical recommendations for the management of intra- and postoperative complications

Problem Solutions

Lack of proper access e Wider flap

o Better flap retraction (training of the auxiliary staff)

Wrong location of the antrostomy e Preoperative three-dimensional evaluation
e Computed guided antrostomy with the use of surgical stents

Membrane perforation during the e Preoperative evaluation of the thickness of the lateral cortical wall of the sinus
preparation of the antrostomy e Use of efficient (sharp) diamond bur of proper size
e Use of efficient (sharp) diamond piezoelectric inserts

Membrane perforation during the e Use of a piezoelectric detacher with proper settings
membrane elevation e Use of a sharp dedicated detachers (elevators)
e Do not lose contact between the detachers and the bone during membrane elevation

Membrane perforation during e Protect the sinus membrane with collagen sponges
implant site preparation e Protect the sinus membrane with Prichard elevator
e Be very careful during drilling phase

Lack of implant primary stability e Do not place implant in the same surgical phase if the residual bone height is less than 3mm
e Remove the implant and place a new implant at graft integration

Excessive bleeding e Careful evaluation of the medical history
e Preoperative evaluation of the location of the alveolo-antral artery
e Use of bone wax if intrabony bleeding
e Use of diathermy if extrabony bleeding

Early postoperative infection e Careful preoperative evaluation of maxillary sinus physiologic health

e Surgical sterile setting
e Proper handling of biomaterials
e Proper antibiotic therapy

Dehiscence of the wound e Proper flap releasing
e Tension-free suture

Late postoperative graft infection e Antibiotic therapy
e Graft removal

Late postoperative sinus infection e Antibiotic therapy
e Ear, nose, and throat evaluation
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anatomic reference points, like the sinus floor and mesial wall, to

open a correct antrostomy.142

9.2 | Maxillary sinus overfilling

Maxillary sinus overfilling could lead to a technical error when a
maxillary sinus cyst is present.

The presence of mucous retention cysts is easily detected in the
presurgical radiographic work-up. These are benign lesions that are
generally asymptomatic. They are radiopaque and of various sizes,
typically originating from the sinus floor. They can be distinguished
from polyps, which tend to be pedunculated and arise from the
sinus walls. Cysts are usually filled with a yellow serous fluid, which
is pathognomonic for this lesion. Normally, mucous retention cysts
of the maxillary sinus do not impair mucociliary clearance and sinus
drainage. However, when the sinus membrane is elevated when pre-
forming maxillary sinus elevation, the elevated cyst could impact on
the natural ostium, blocking the mucosal drainage and possibly caus-
ing inflammatory or infective conditions. If the cyst is deflated be-

fore membrane elevation, the sinus floor can be elevated safely.116

10 | CONCLUSIONS

The maxillary sinus elevation procedure using a lateral window ap-
proach has been shown to be the most successful bone augmen-
tation procedure that is performed as a preprosthetic procedure
prior to implant placement. The high success rate of lateral window
sinus floor augmentation procedures (assessed at both biological
levels and patient-reported levels) is attributed to minimal com-
plications. Moreover, these minimal complications can be further
reduced through the use of specific checklists, knowledge of the
possible adverse events, and attention to the clinical recommenda-
tions listed in Table 9. With all these tools in our surgical toolbox
and the mindfulness of the biological/physiologic/psychologic con-
text surrounding technical approach, we have no doubt the care of
our patients with limited posterior alveolar ridge dimensions will

exponentially rise.
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