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MAXILLARY SINUSES ANATOMY

The maxillary sinus (Fig.1) has an irregular pyramidal shape. The floor (lower
wall) is usually connected to the roots of the second premolar and first molar.
However, in a certain number of cases, the floor of the maxillary sinus may
extend distally to the third molar and mesially to the first premolars or canines.
The roof (upper wall) of the sinus constitutes the majority of the orbital floor.
The distal wall faces the maxillary tuberosity while the medial wall faces the
nasal cavity. The medial wall of the maxillary sinus opens into the inferior part
of the ethmoidal infundibulum through an ostium. The anatomical area
encompassing the sinus ostium, the ethmoidal infundibulum, and the hiatus
semilunaris is called the ostio-meatal complex. The mesio-buccal
(anterior-vestibular) and the medial wall are the most involved walls during
maxillary sinus elevation. The mesio-buccal wall contains the neurovascular
fascia; the medial wall is responsible for the formation of septa that divide the
maxillary sinus from the nasal cavity. Sometimes, maxillary sinuses might be
incompletely divided by septa, which can be easily detected through CBTC or
radiography. A cadaveric study reported that out of 60 sinuses, 20 incomplete
septa were identified, all found in the anterior-lateral region of the sinus'. The
internal sinus cavity is covered by the Schneiderian membrane (also called
sinus membrane, SM), a mucous membrane covered by a pseudo-stratified
columnar ciliated epithelium made of three different types of cells: basal cells,
“goblet” cells and columnar cells bearing cilia. Serum mucosa glands are
present as well. The SM has a thickness that varies from 0.1 mm to 1 mm but
pathologies may cause the SM to thicken.

BLOOD VESSELS AND INNERVATION

Maxillary sinuses are highly innervated and vascularised anatomical areas.
The infraorbital, anterior, middle, and posterior superior alveolar branches of
the maxillary nerve and the nasal branches of the pterygopalatine ganglia
innervate maxillary sinuses. The arterial blood supply is provided by branches
derived from the maxillary, infraorbital, and greater palatine arteries. Veins
drain  blood to the facial vein or the pterygoid venous plexus.
An intraosseous and extraosseous anastomosis between the posterior superior
alveolar artery (PSAA) and the infraorbital artery (IOA) supplies the lateral
antral wall with blood. A cadaveric study performed on fifteen human cadavers
reported an anastomosis between PSAA and IOA in all dissected sinuses. In all
cases, the anastomosis was found to be partially intfraosseous and located
between the SM and the lateral wall of the sinus?.

SINUS LIFT DECISION TREE

Because of the thickness of the SM and the presence of blood vessels and
nerves, implantologists should meticulously plan SM elevation to lower the risks
associated with the surgical procedure. Commonly found problems are SM
perforation, haemosinus, oroantral fistulas, and sinusitis. Decision frees come
in handy to overcome these problems. One of the most recent and
comprehensive decision trees was developed by Stacchi and co-workers and
published in 20203. According to the Authors, two parameters must be taken
info account: the crestal bone height and the width of the sinus cavity (distance
between the buccal and palatal walls) measured at a height of 10 mm and
comprising the alveolar crest. When the crestal bone height is between 5 and
8 mm, it is advisable to insert short implants. Narrow sinuses (width <12 mm)
with a crestal bone height between 3 and 5 mm should be treated with a
one-stage transcrestal approach while wide ones (width >12 mm) necessitate
a one-stage lateral approach. For sinuses with a crestal bone height <3 mm,
the Authors suggest a two-stage approach (Fig.2).
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FIG 1

The anatomy of human paranasal
sinuses. Maxillary sinuses, the
largest paranasal sinuses, are
located on the left and the right of
the nose.

1. Frontal sinuses

2. Ethmoidal sinuses
3. Sphenoidal sinuses
4. Maxillary sinuses

Source: Shutterstock

FIG 2
An example of a decision tree for
sinus membrane elevation.

Graphically adapted and translated
from Stacchi Claudio, Bemardello Fabio,
Lombardi Teresa, Spinato Sergio.
Guida alla riabilitazione
implanto-protesica del mascellare
posteriore atrofico - Capitolo 4.
Stacchi C., Spinato S. Rialzo di
seno o impianti corti: criteri
decisionali per la scelta della
terapia,

pp. 115-120, © Edra SpA 2022

All rights reserved.
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TRANSCRESTAL SINUS MEMBRANE ELEVATION

Scientific literature reports different surgical protocols to perform a safe and
predictable transcrestal sinus floor elevation for narrow sinuses. Two different
studies'? reported that transcrestal sinus floor elevation with osteotomes in
combination with the Dual-Phase collagenated cortico-cancellous bone gel
OsteoBiol® Gel 40 is a safe and complication-free surgical procedure.
Nevertheless, the pressure generated by the osteotomes in combination with
more brittle bone substitute granules might perforate the SM, resulting in an
increased risk of infection or the interruption of the surgery if the perforation
is not manageable. To overcome the issue, a team of ltalian researchers
infroduced a minimally invasive surgical procedure. After performing a
crestal antrostomy with the preferred technique, OsteoBiol® Gel 40 was
gently injected into the antrostomy (Fig.3). Then, flaps were sutured to reach
primary closure. The mean duration of the surgery was measured and was
equal to 27.2 minutes (range 14 — 54 minutes)®. Out of seventy-one implants
placed, fifty-four were immediately placed after SM elevation®. Finally, the
Authors reported a 100% implant success rate over a follow-up period from
12 to 32 months®.

SINUS MEMBRANE PERFORATION IN
TRANSCRESTAL SINUS MEMBRANE ELEVATION

Due to the thickness of the sinus membrane, SM perforation is a common
complication when performing sinus floor elevation. Based on a
meta-analysis, the SM perforation rate during transcrestal approach spanned
from 0% to 10%*. To mitigate this risk, collagenated biomaterials are
reported to be a valid option. OsteoBiol® Gel 40, thanks to the presence of
40% collagen gel and the granulometry of the bone particles up to 0.3 mm,
allows a safe detachment and elevation of the SM3. Scientific literature reports
that biomaterial granules accidentally dispersed into the SM and granules
with larger diameters might be responsible for ostio-meatal complex
occlusion, sinusitis or other clinical complications. On the other hand, as
demonstrated by a team of ltalian researchers®, OsteoBiol® Gel 40 bone
granules, thanks to its micrometric granulometry, can easily be transported
by the ciliar activity through the ostio-meatal complex without any major
complications (Fig 4). The same results were shown in a recent paper with the
lateral approach®.

BIOMATERIAL SHRINKAGE IN TRANSCRESTAL
SINUS MEMBRANE ELEVATION

A retrospective analysis’ extensively investigated the dimensional changes of
different biomaterials used for maxillary sinus elevation. A linear regression
analysis on aggregated data over a mean period of 93.33 months revealed
no correlation between the follow-up time and graft resorption. Nevertheless,
when data were gathered according to the granulometry of the particles,
biomaterials with small particles, such as OsteoBiol® Putty and OsteoBiol®
Gel 40, reported a mean mesio-distal and vertical graft change of about 20%
and 7%’. In another study® a predictable shrinkage rate was reported for
OsteoBiol® Gel 40 (equal to 36% after six months), which is consistent with
the amount of collagen gel contained in the biomaterial (about 40%) (Fig.5).
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FIG 3

OsteoBiol® Gel 40 can be easily
injected into the antrostomy gently
lifting the SM, as shown in the
radiograph.

(A) Syringing OsteoBiol® Gel 40
(B-C) Panorex and cross-section
CBCT at TO.

OsteoBiol® Gel 40 elevated the SM
above the apex of the adjacent
tooth

Documentation provided by
Dr. Bernardello Fabio and Prof.
Stacchi Claudio.

FIG 4
Healing of maxillary sinus after
accidental dissemination of

OsteoBiol® Gel 40 granules.

(A) Panorex showing OsteoBiol®
Gel 40 granules dispersed into the
sinus

(B) 2-month Panorex showing the
absence of Dual-Phase granules
and SM thickening

(C) CBCT at 6-months showing a
complete  SM  healing  and
satisfactory endo-sinusal regeneration
around implants

Graphically adapted from
Bernardello Fabio, Lombardi Teresa,
Stacchi Claudio.

Clearance of Bone Substitute in
Gel Form Accidentally Dispersed
into the Sinus Cavity during
Transcrestal Maxillary  Sinus
Floor Elevation: Two-Case Report.

Sinusitis 2021, 5, 132-140
CCBY Licence

FIG 5

When inserted into narrow sinuses
(A), OsteoBiol® Gel 40 shows a
typical dome shape (B).

Graphically adapted from
Lombardi Teresa, Lamazza Luca,
Bernardello Fabio, Zietek Grzegorz,
Stacchi Claudio, Giuseppe Troiano.

Clinical and radiographic
outcomes following transcrestal
maxillary sinus floor elevation
with injectable xenogenous
bone substitute in gel form: a
prospective multicenter study.
Int J Implant Dent.

2022 Jul 22;8(1):32
CCBY Licence
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LATERAL ACCESS SINUS LIFT: FLAP DESIGN AND
ANTROSTOMY PREPARATION

Maxillary sinus elevation through a lateral approach is one of the most widely
used and documented surgical procedures in implant dentistry. The procedure
was defined by Tatum' during the 80’s and consists of elevating the sinus
membrane to create a void below the SM to be filled with either autogenous bone
chips, allografts, or xenogenic bone granules?. To have access to the SM, a flap
must be carefully designed taking into consideration the anatomy of the area and
the presence/absence of keratinized tissue®. A releasing incision should be made
only if necessary and, during flap elevation, the integrity of the periosteum should
be preserved®. The bone must be removed using a piezoelectric insert or a
diamond bur, and, as reported by a team of international researchers in an
experimental study, both procedures result in comparable healing outcomes®.
Scientists extensively investigated if the position of the antrostomy would affect the
outcomes of the intervention. In a randomized controlled trial on 24 patients, a
team of scientists® reported that positioning the antrostomy either at the base of
the sinus or 3-4 mm cranially to the base does not affect the amount of newly
formed bone. Similar outcomes were reported when the antrostomy was placed
4 mm or 8 mm in height®. Furthermore, as proved in an experimental study on
rabbits with OsteoBiol® collagenated biomaterials, large (5x6 mm) and small
(3x6 mm) antrostomy led to comparable histomorphometric outcomes’. When a
similar test was conducted on humans, a similar result between a large
antrostomy placed 8 mm in height and a small one located 4 mm in height® were
reported.

SINUS MEMBRANE DISPLACEMENT AND
PERFORATION

The displacement of the SM is a possible source of complication, since an
incorrect displacement may cause a perforation of the membrane. To lower this
risk, the instruments used to elevate the membrane must be kept in contact with
the bone. Moreover, it is advisable to start detaching the membrane cranially,
then medially, distally, and posteriorly®. Not only the surgical approach but also
the contour of biomaterials might increase the SM perforation rate. As
demonstrated in an experimental study in rabbits, eight weeks after the surgery,
anorganic bovine bone was reported to perforate SM seven times more than
OsteoBiol® Gen-Os®’ (Fig 6).

BIOMATERIAL GRAFTING

Biomaterials must be carefully inserted into the sinus: the least accessible areas
should be filled first. It is recommended to fill the anterior and the posterior
recesses and then the medial sinus wall®. Furthermore, it is highly recommended
to compact the biomaterial®. Implants should be inserted with low speed and low
torque®. After the grafting of the biomaterial and implant placement, the
antrostomy is usually covered with a collagen membrane to avoid the
contamination of the biomaterial or its accidental extrusion from the sinus when
sneezing'®. Flaps should be sutured tension-free®. Among the different
biomaterials available on the market, OsteoBiol® mp3® was reported to have
comparable outcomes to autogenous bone. Twelve patients were treated in a
split-mouth randomized controlled trial and 24 sinuses were elevated either with
OsteoBiol® mp3® or autogenous bone chips harvested from the mandibular
ramus or the chin''. Data collected over a period of three years demonstrated
comparable results between the two experimental groups in terms of marginal
bone loss and implant success rate (Fig 7).
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(A)  Histology depicting the
perforated sinus membrane in
rabbits treated with anorganic
bovine bone.

(B) Dual-Phase OsteoBiol®
Gen-Os® granules showed a lower
perforation rate due to their
smooth edges.

Graphically adapted from Nakajima
Yasushi, Daniele Botticelli,
Ermenegildo Federico De Rossi, Vitor
Ferreira Balan, Eduardo Pires Godoy,
Erick Ricardo Silva, Samuel Porfirio
Xavier.

Schneiderian Membrane Collateral
Damage Caused by Collagenated
and Non-Collagenated Xenografis: A
Histological Study in Rabbits.

Dent. J. 2023, 11, 31

CCBY Licence

FIG 7

Mesial and distal bone loss around
implants inserted in patients treated
with  autogenous bone and
OsteoBiol® mp3®. After three years,
similar results were found in the
two experimental groups.

Graphically  adapted  from
Correia Francisco, Sénia Gouveia,
Anténio Campos Felino, Ricardo
Faria-Almeida, Daniel Pozza.

Maxillary Sinus Augmentation
with Xenogenic Collagen-Retained
Heterologous Cortico-Cancellous
Bone: A 3-Year Follow-Up
Randomized Controlled Trial.
Dent. J. 2024, 12, 33

CCBY Licence
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THE IMPORTANCE OF COLLABORATION WITH ENTs

It is absolutely necessary to evaluate, through a CBCT scan, the patency of
the ostio-meatal complex (a fundamental prerequisite) and the condition of
the membrane to determine the need for an ENT consultation before
deciding patient's eligibility for the surgery (Fig 8). As proved by a team of
ltalian researchers, fibreoptic endoscopy and radiological evaluation to
investigate the anatomy of the sinus and the ostio-meatal complex have
proven to be valid approaches to plan a sinus elevation'. Nasal endoscopy is
the gold standard procedure for the diagnosis of odontogenic sinusitis, but a
high-definition CT of the maxillofacial complex comes in handy when ENT
surgeons are evaluating the ostio-meatal complex and frontal sinuses to
check the health of those anatomical areas. When using CT and CBCT
implantologists have to be aware that the former provides a better resolution
of the maxillary sinuses and the soft tissues, while the latter is more useful for
the diagnosis of dental conditions?.

The importance of a collaboration between ENT surgeons and
implantologists is also reported in an international multidisciplinary
consensus statement released by a team of nine oral and eight ENT
surgeons®. A survey of 37 clinical statements was submitted to all 17
participants. Upon analysis of the results, the international team reached a
strong consensus that a collaboration between ENTs and implantologists is
required to diagnose odontogenic sinusitis (ODS). Finally, the Authors
concluded a comprehensive diagnosis of ODS requires ENT surgeons to
diagnose sinus inflammation and implantologists to confirm the odontogenic
nature of the pathology.

PATHOLOGY AND CLINICS OF ODS

According to scientific literature, apical or marginal periodontitis, oroantral
communication, and infection caused by foreign bodies are the major causes
of ODS. Oroantral communications (OACs) are open communication
between the oral cavity and the maxillary sinus that, when not treated
accordingly, develop into oroantral fistulas (OAFs). From a clinical point of
view, symptoms commonly found in patients diagnosed with ODS are foul
odour, head and facial pain, pus at the maxillary meatus, bleeding under
endoscopic examination, unilateral facial pressure, and opacification of the
sinus when CT is performed. A history of tooth loss and toothache,
regenerative procedures before implant placement, and peri-implantitis may
be a clue for odontogenic sinusitis (Fig. 9).

MANAGEMENT OF OACs AND ODS

The absence of a contamination and the presence of an open ostium that
allows oxygenation and drainage of the mucus outside the maxillary sinus are
fundamental for a self-resolution of OACs. In the case of a lack of patency of
the ostium, implantologists are highly recommended to collaborate with ENT
surgeons whose duty is to re-establish the functional conditions of the
maxillary sinus. CT and Functional Endoscopic Sinus Surgery (FESS) are valid
approaches to check and restore the patency of the maxillary sinus. Finally,
as demonstrated by a team of ltalian researchers*, collagenated biomaterials
such as OsteoBiol® Lamina®, OsteoBiol® TSV Gel, and OsteoBiol® Evolution in
combination with functional endoscopic sinus surgery (FESS) are valid
treatments to treat OACs/OAFs.
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A collaboration between ENT
surgeons and dental implant
providers is necessary for a correct
diagnosis of ODS. ENT surgeons
have the expertise to diagnose
sinusitis, while dental implant
providers are asked to determine
the odontogenic orgin of the
pathology.

FIG 9

Common causes (A) and symptoms
(B) of ODS.
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COMPLICATION MANAGEMENT

As described in the previous sections, collagenated xenografts in
combination with innovative surgical procedures have dramatically reduced
the number of complications occurring during sinus lift procedures.
Furthermore, Dual-Phase xenografts reported a lower SM perforation rate
when compared to anorganic bovine bone in an experimental study in
rabbits! (Fig. 10). Furthermore, ten years after the placement of 113 implants
in sinus grafted with OsteoBiol® mp3®, an implant success rate equal to 100%
was reported?. As the study reported two sinus membrane perforations and
five minor complications?, sinus elevation is not a complication-free surgical
procedure and implantologists should be able to recognize (Fig. 11) and treat
them.

Postoperative infections, for example, are reported to vary from 2% to 5.6%?.
First and foremost, sterility is a must. It is advisable to avoid contact between
the biomaterial and biological fluids (i.e. saliva). In addition, reducing the
number and duration of the surgery may be a valid approach to lowering the
infection risk. Autogenous bone is the gold standard for bone regeneration;
nevertheless, it should be harvested from the chin, hip, or mandibular ramus,
which increases the possibility of infections. Collagenated biomaterials such
as OsteoBiol® mp3® reported comparable results to autogenous bone,
having at the same time a lower risk and invasiveness®.

Even though a team of researchers proved that the position of the antrostomy
does not affect the amount of newly formed bone, sinus membrane
mechanical displacement may lead to the formation of an oedema®. This
surgically induced oedema has the potential to extend sufficiently to occlude
the ostium, leading to the loss of patency in both the ostium and ethmoidal
infundibulum, as evidenced by tomographic assessments®. Although this
condition is generally reversible, it is advisable to undergo a follow-up
tomographic examination for reassessment.

The most common symptoms after sinus elevation are swelling or pain, and
scientific literature reports a normal resolution within three weeks. Should the
symptoms persisted for more than three weeks, CT and endoscopy would be
recommended. Regarding sinus infections, Amoxicillin/Clavulanic acid 1 gr
TID and Metronidazole 500 mg TID by mouth for patients not allergic to
Penicillin and Levofloxacin 400 mg BID by mouth for patients allergic to
Penicillin for 72 hours to symptom remission are the most prescribed
therapeutical approaches?®. In the case of migration of the graft into the sinus,
a multidisciplinary approach involving collaborations with ENTs is necessary.
Finally, an examination performed by an ENT is suggested before the re-entry
(usually after 6-9 months)®.

A multidisciplinary team published a list of recommendations to avoid
complications during sinus lifts®. Researchers highlighted the importance of
the assessment of the clinical history of the patients, including smoking habits
and history of periodontal or endodontic diseases. Dentists need to avoid
contamination risks by performing preop disinfection of the skin, keeping the
soft tissue flap distant from the antrostomy, and avoiding the contamination
of the graft with the patient’s saliva. Since the post-operation phase is a
source of complications, patients should be treated with chlorhexidine
mouthwash and be subjected to a weekly follow-up for the first week and,
later, every three months.
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FIG 10

SM perforation rate over eight
weeks. X-axis: time; Y-axis: number
of perforations. OsteoBiol®
collagenated biomaterial reported
a lower perforation rate than
anorganic bovine bone.
Furthermore, OsteoBiol® Evolution
membrane showed a protective
effect on the SM.

Graphically adapted from
Nakajima Yasushi, Daniele
Botticelli, Ermenegildo Federico De
Rossi, Vitor Ferreira Balan, Eduardo
Pires Godoy, Erick Ricardo Silva,
Samuel Porfirio Xavier.
Schneiderian Membrane Collateral
Damage Caused by Collagenated
and Non-Collagenated Xenografis:
A Histological Study in Rabbits.

Dentistry Journal. 2023; 11(2):31.
CC BY license

FIG 11

Common error sources that may
jeopardize the success of the
clinical procedure.

Poor or not-updated diagnostic
tools/machinery are the cause of a
wrong diagnosis, while a poor
instrumentation may bring about
difficulties during the surgery.
Surgical teams should invest time
and resources in deepening their
knowledge to be prepared to treat
complex cases and face abrupt or
unexpected complications. Finally,
both patients and the surgical team
should work in a comfortable
environment.
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One-stage crestal sinus lift with

CRESTAL ACCESS SINUS LIFT OsteoBiol® Gel 40 in anatomically
narrow sinus, in presence of less
than 5 mm of residual bone height

Sex: male | Age: 59

Fig. 1 Pre-surgical radiograph. An implant
was inserted to replace tooth #16 about 10
years before. The implant subject to this case
was placed in position #17

Fig. 2 The narrow anatomy of the sinus ( <
12 mm in width measured at 10 mm from
the maxillary ridge) and residual bone
height between 3 mm and 5 mm allowed a
1-stage surgical approach (crestal sinus lift
and contextual implant insertion)

Fig. 3 a-b Injection of OsteoBiol® Gel 40

Fig. 4 a-b Panorex and cross-section CBCT
at baseline (TO). OsteoBiol® Gel 40 elevated
the sinus membrane in the site of the new
implant and also above the apex of the old
implant in position 16

Fig. 5 a-b-c-d Intraoral radiographs:
intraoperative (5 a) and at TO (5b), 2 months
(5¢), 5 months (5d)

Fig. 6 a-b Radiographs 7 months after
surgery, OsteoBiol® Gel 40 has been
remodeled into new bone above the new
implant (6a) and above the implant inserted
10 years before (6b)

Fig. 7 One year after surgery. Observing the
radiograph, it's difficult to identify the
transition between pristine and newly
formed bone

Fig. 8 Follow-up radiograph after one year
of prosthetic load

Documentation provided by
Dr Fabio Bernardello,
private practitioner, ltaly
e-mail: fabio.tredici@libero.it
Prof. Claudio Stacchi,
University of Trieste, ltaly
e-mail: claudio@stacchi.it

Bone substitute: OsteoBiol® Gel 40
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Maxillary sinus elevation:
lateral approach with delayed LATERAL ACCESS SINUS LIFT

implant placement

Sex: male | Age: 53

Fig. 1 Pre-op CBCT. Mild thickening of sinus
membrane  does  not  represent a
contraindication for sinus floor elevation if the
ostiomeatal complex is open. In the molar
region, the amount of bone is insufficient to
stabilize  implants. A delayed  implant
placement approach has been chosen

Fig. 2 Intraoperative view of the surgical site

Fig. 3 Antrostomy preparation  with
Piezosurgery

Fig. 4 Sinus membrane detachment using a
specific piezoelectric insert

Fig. 5 Distal extension of the antrostomy to
effectively repair a perforation of the sinus
membrane

Fig. 6 Collagen membrane (OsteoBiol®
Evolution) positioning to protect the sinus
membrane perforation

Fig. 7 Collagen sponge positioning to
maintain the sinus membrane elevated and
distally delimit the graft area

Fig. 8 Biomaterial (OsteoBiol® mp3®) injection

Fig. 9 Vestibular bony walls re-positioning
and fixing with fibrin glue

Fig. 10 CBCT follow-up at 6-months. During
the maxillary sinus elevation, an implant has
been placed in the second premolar zone,
where a sufficient amount of native bone was
already available. Bone remodelling of the
xenograft (OsteoBiol® mp3°®) is
morphologically similar to autogenous bone
remodelling. It can be noticed that the new
sinus floor shows a flat morphology™

Fig. 11 6 months CBCT follow-up with
one-stage implant placement in the molar
region

Fig. 12 5 years CBCT follow-up. A stable
graft can be noted. Biomaterial resorption is
limited, and regenerated bone is visible up to
the apical part of the implant: this type of
resorption is comparable to autologous bone
resorption

Fig. 13-14 5 years clinical follow-up

Documentation provided by
Prof Tiziano Testori

Lake Como Institute

Como, ltaly

e-mail: info@tiziano-testori.it
(1) Lo Faro et al. Implants, 2021; 3:1-11

Bone substitute: OsteoBiol® mp3®
Membrane: OsteoBiol® Evolution
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