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Abstract
Rehabilitation of patients with endosseous implants in the posterior
maxilla poses a challenge as a result of sinus pneumatization and ridge
atrophy. Sinus augmentation has been established to be a reliable
procedure to facilitate implant therapy. However, despite the predictability
of the techniques and biomaterials employed in sinus graft procedures,
intra-operative complications still occur leading to increased surgical time,
abortion of the surgery, post-operative infections and loss of implant. Based
on the clinical findings and literature review, a hierarchical decision tree
to minimize intra-operative complication is proposed. Several host-related
factors, which can influence the outcome of the procedure, are identified.
The factors are health status of the sinus, size and location of the endosseous
anastomosis, lateral wall thickness, membrane thickness, remaining residual
bone height, and presence of sinus floor cortication.

Introduction
Rehabilitation of patients with endosseous implants in the
posterior maxilla poses a challenge as a result of sinus pneumatization
and ridge atrophy. The introduction and development of the sinus
augmentation procedure has greatly facilitated implant therapy in
this region [1-3]. In 1996, the Sinus Consensus Conference concluded
that sinus graft should be considered as highly predictable and
effective therapeutic modality [4].
Extensive research has since been conducted on the types of
bone graft materials, the types of implants, and timing for implant
placement for sinus graft. Implant survival rates have been reported
to range from 81% to 95% depending on the combination of graft
materials and implant surfaces [5]. Implants with rough surfaces have
been shown to have similar survival rates to implants placed in nongrafted sites irrespective of the type of sinus grafting materials [6].
Simultaneous implant and graft placement has been demonstrated to
be predictable provided mechanical anchorage of the dental implant
is achieved [7,8].
The Sinus Consensus Conference was revisited in 2016 and
reaffirmed the validity of the sinus graft [9]. It concluded that
non-inductive materials with slow resorption might be superior in
forming and maintaining bone than inductive materials [10-14]. The
consensus also questioned the need for biologic enhancement with
growth factors and morphogenic proteins [10].

Despite the predictability of the techniques and biomaterials
employed in sinus graft procedures, intra-operative complications
like Schneiderian membrane perforation, excessive bleeding and
reduced implant stability are common [15-17]. Additional postoperative consequences include increased surgical time, abortion of
the surgery, post-operative infections and loss of implant into the
sinus. Strong correlation exists between these complications and
individual anatomical variations. Membrane thickness, shape of the
sinuses, and presence of antral septa are possible factors affecting
Schneiderian membrane perforation [18-20]. Lack of precision in
identifying the presence, diameter and location of the endosseous
branch of the posterior superior alveolar artery are commonly
associated with excessive bleeding [21].
Poor bone quality and inadequate residual crestal bone height
can result in loss of primary stability does not allow for simultaneous
implant placement [22].
The host’s inherent factors play an important role in the success
of sinus graft. The purpose of this review is to establish an evidencebased hierarchical checklist of critical host factors essential to
minimize intra-operative complication for predictable maxillary
sinus floor augmentation.

Materials and Methods
A search of the literature was performed focusing on complications
related to sinus augmentation procedures, anatomical variations
from components of the maxillary sinus and recommendations on
simultaneous implant placement. Clinical data in this study was
obtained from the anonymous Implant Database (ID) at the Ashman
Department of Periodontology and Implant Dentistry at the New
York University College of Dentistry. This data was extracted as
de-identified information from the routine treatment of patients.
Yes, most of the studies involving human subjects found on the
database search are included. The ID was certified by the Health
Insurance Portability and Accountability Act (HIPAA) and approved
by the University Committee on the Activities Involving Human
Subjects (UCAIHS). A computer search of electronic database from
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MEDLINE and PUBMED at the Waldman Library at the NYUCD was
performed. Keywords such as “maxillary sinus”, “sinus lift”, “sinus
augmentation”, “complications”, “dental implant”, “simultaneous
implant placement” were used, alone and in combination, to search
the databases. Non-English language publications were excluded. The
search was limited to studies involving human subjects. Restrictions
were not placed regarding the type of study design.

Result
The results of this review are based on literatures review and
presented in Table 1. These are assimilated to form a hierarchical
decision tree to minimize intra-operative complication for lateral
wall sinus augmentation technique presented in Table 1. The
hierarchy is based on the anticipated severity of the medical and
dental complications.

Clinical Case
A 26 year-old healthy female patient with absence of sinus
pathology presented with a missing maxillary right second premolar.
The tooth was extracted 3 years ago due to failed root canal treatment.
Pre-operative periapical radiograph and Cone Beam Computed
Tomography (CBCT) assessment showed an atrophic edentulous
ridge with residual bone height between 2-3 mm (Figure 1A).
Intra-oral assessment revealed adequate 3-dimensional space for
restoration (Figure 1B).

incisions on mesial aspect of maxillary right first premolar and distal
aspect of maxillary first molar were placed, and a full thickness
mucoperiosteal flap exposing the lateral wall of the sinus was reflected.
A measuring device (SCC4, EBI, South Korea) was used to
simulate the implant position and the anticipated level of membrane
elevation (Figure 1C). An oval-shaped window osteotomy in the
lateral sinus wall was created with a round high speed diamond bur
under copious irrigation (Figures 1D and 1E). The sinus membrane
was then elevated through osteotomy window with a sinus membrane
elevator which, placed between the membrane and the edge of the
window to gently tease out the membrane (Figure 1F). The instrument
was placed in contact with the underlying sinus bony wall throughout
elevation to avoid perforation. Once the membrane is elevated from
the underlying bone, the anterior border of the membrane was
located and elevated (Figure 1G), followed by the elevation of medial
wall for maximum graft nutrient (Figure 1H).
Following the completed elevation (Figure 1I), anorganic bone
graft was compacted (Bio-Oss, Geistlich Pharma, Switzerland) into
the sinus cavity with a bone syringe and gently packed with a hand
instrument (Figures 1J and 1K). Sinus graft placement was confirmed
with a periapical radiograph (Figure 1L). A 4.1x12 mm implant (RC,
Straumann, Switzerland) was placed 4 months following the sinus
graft (Figure 1M). A screw-retained restoration was delivered 2
months after implant placement (Figures 1N-1P).

The patient received 2 g amoxicillin one hour before surgery.
Following administration of local infiltration anesthesia (2% lidocaine
with epinephrine 1:100,000), a crestal incision and two vertical releasing

Figure 1B: Pre-operative lateral view of edentulus site.

Table 1: A hierarchical decision tree to minimize intra-operative complication.
Figure 1C: Intra-operative view of the surgical site with measurement device.

Figure 1A: Pre-operative periapical radiograph shows a reduced bone heigh.
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Figure 1D: A round diamond high-speed bur used to prepare the window
osteotomy.
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Figure 1E: Completed lateral window osteotomy.

Figure 1J: Bone graft material placement (Bio-Oss, Geistlich Pharma,
Switzerland).

Figure 1F: Instrument in contact with underlying sinus bony wall.

Figure 1K: Bone graft placement completed.

Figure 1G: Simulation of the membrane elevation at the anterior border.

Figure 1L: Post-operative radiograph.

Figure 1H: Elevation of medial wall.

Figure 1M: Post-operative radiograph of implant (4.1x12 mm) placement(RC,
Straumann, Switzerland).

Figure 1I: Before (left) and after (right) elevation of the sinus membrane.

Figure 1N: Periapical radiograph of a screw-retained restoration.
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When a focal or extended thickening is less than 2 mm, sinus graft
can be performed without the need for prior exploration [24]. It is
recommended to refer to an Otorhinolaryngologist (ENT) prior to
sinus graft procedure to restore it to its physiologic state in cases of
moderate to severe mucosal thickening associated with a history of
sinusitis or if half of the sinus is filled [24].

Figure 1O: Lateral view of screw retained restoration in place.

Figure 1P: Occlusal view of the restoration in place.

Discussion
The ultimate goal of the sinus augmentation technique is to
increase the available bone height for implant placement. This is
accomplished by the sequential steps of flap elevation, window access
to the sinus cavity, elevation of the Schneiderian membrane to create
a confined space, graft placement and flap closure. However, sinus
grafts and implant placement being elective procedures, all care must
be taken to avoid alteration of patient’s physiological sinus function
and well-being. Intra-operative complications are predominately
due to surgical difficulties encountered during the course of the
procedure. The authors would like to made general statement on
complication after reviewing several articles, such as “degrees of
complication range from life threatening such as uncontrollable
bleeding, cavernous sinus infection to minor perforation.

Other less frequent findings of sinus pathology also call for ENT
consultation prior to sinus graft. Mucoceles are due to obstruction
of the sinus ostium and drainage pattern leading to accumulation
of mucus within the sinus cavity. Continual accumulation and
expansion can lead to erosion of sinus wall [29]. Differential diagnosis
for expansion and bone destruction includes malignant conditions
and must be ruled out prior to sinus graft. On the other hand, an
opaque maxillary sinus without bone erosion invites the diagnosis
of sinusitis, retention cysts, and antrochoanal polyps [29]. Mucous
retention cysts are not uncommon [27]. Large mucous retention cysts
may result in compromised drainage and should be addressed prior
to sinus graft. Small mucus retention cyst can be readily detected and
can be drained at the time of surgery with a large gauge needle.
Endosseous anastomosis at osteotomy site
A thorough understanding and identification of the vascular
supply to the sinus cavity is essential prior to sinus graft. Although
life-threatening hemorrhage is rare, excessive bleeding can hinder
visibility, increase the risk of intra-operative complications and
distress both the patients and clinicians [30].
Vascularization of the antero-lateral wall of the sinus is
characterized by the anastomoses of the posterior superior alveolar
artery and the infra-orbital artery inside and outside the bony lateral
antral wall (Figure 4). Solar and colleagues demonstrated endosseous
anastomosis is always present, whereas an extraosseous anastomosis
is identified in about 44% of the cases [31]. However, detection rate of

Health condition of the sinus
Absence of sinus pathology is the prerequisite for sinus graft. Any
pre-existing condition that may disturb the patency of drainage or
containment of the sterile graft has to be recognized and addressed.
Drainage of the maxillary sinus is through the ostium, which is
positioned in the superior medial aspect of the sinus and opens into
the nasal cavity between the middle and lower nasal conchae (Figure
2). Elevation of the Schneiderian membrane on the medial wall
is recommended to increase blood supply to the graft [23]. When
mucosal thickening is present, elevation of this membrane may lead
to the obstruction of the drainage resulting in an altered anatomy of
the maxillary sinus and subsequent changes in function [24].
Mucosal thickening is common with documented findings
ranging from 23.3% to 56.6% (Figure 3) [25,26]. Multiple causes have
been linked to mucosal thickening and they are generally associated
with some form of irritation, such as inflammation or allergic
phenomena [27]. In its localized form, it is most likely associated
to odontogenic infections, particularly apical infections [27,28].
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Figure 2: CT-scan image with arrows indicating the position and patency of
the ostium in the superior medial aspect of the sinus.

Figure 3: CT-scan image showing mucosal thickness.
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endosseous anastomosis dropped to an average of 61% in computer
tomography studies and may be dependent on the experiences of
the clinicians [32]. As endosseous anastomosis can run superficially,
intra-osseously or intra-sinusly and may not be constantly detectable
throughout its course, all sagittal cuts of the CT must be evaluated
(Figure 5) [33].
The diameter of the endosseous anastomosis is less than 1 mm
in 55% -71% cases making its identification difficult in CT-scan
examination [21,33-35]. These anastomoses have the potential for
bleeding complications in 20% of cases due to their location [21]. The
risk of hemorrhage is as high as 57% when the diameter is between 1-2
mm which is found in 30-40% of endosseous anastomosis [32,33,36].
Diameter of more than 2 mm is rare with reported finding between
1-4% [33,34]. Piezosurgery has been advocated as a safer approach
compared to diamond high-speed bur as it enables dissection of the
artery [37]. However, care must be taken as the dissected artery could
still be wounded during the membrane elevation. Furthermore, our
clinical experiences found that controlling of excessive bleeding in
patients with a long-term use of anticoagulant can be challenging even
with cessation of medication prior to surgery. A thorough medication
history ought to be taken including usage of supplement. Some off the
counter supplements when taken in high dosages have been shown to
increase bleeding tendency [38]. Therefore, a transcrestal or palatal
approach should be considered in patient presenting with a large
diameter endosseous sinus artery in combination with a long-term
use of anticoagulant.
Bleeding can also occur from trauma to the extraosseous branch
in the soft tissue during vertical releasing incisions for flap elevation
or via periosteal releasing incisions for flap enhancement. Periosteal
releasing incision is usually not necessary for sinus graft procedure
unless a barrier membrane is used to cover the window osteotomy.

Recent meta-analysis showed that the use of a barrier membrane does
not influence the amount of vital bone formation [39]. Clinicians
must weigh the treatment goal against longer treatment time and
possible complication. Often time, clinicians are not aware of the
presence of hemorrhage until the flap is closed, particularly where
the flap mucosa is thick and the anastomosis is deeply embedded.
Immediate post-operative swelling of the surgical site and continuous
blood seepage from the suture line requires immediate attention.
Lateral wall thickness
The lateral wall thickness, composition and shape of sinus cavity
should be evaluated in regard to choice of surgical approach. Mean
lateral wall thickness in relation to position on the maxillary arch has
been recently documented. The mean thickness of the lateral wall of the
maxillary sinus was 1.21±1.07 mm at the second molar, 1.98±1.87 mm at
the first molar, 2.02±1.53 mm at the second premolar and 2.16±1.25 mm
at the first premolar [40]. Precise CBCT measurement of wall thickness
coupled with the utilizing of a diamond bur of a known diameter for
window osteotomy is a useful technique. It permits intra-operative
appreciation of the location of the Schneiderian membrane from the bur,
reducing incidences of membrane perforation.
Performing a complete osteotomy where the lateral wall is
thick (e.g. >3 mm) and the zygomatic buttress is prominent is time
consuming, as access to the upper border of the window is restricted.
Once inside the sinus cavity, good access and good vision are necessary
to facilitate membrane elevation. Ability to maneuver the instrument
for membrane elevation can be hindered by a thick lateral wall. Often,
the window needs to be enlarged to ensure the instrument is at the
right angulation when in contact with the bony wall of the sinus. In
addition, the thicker the wall, the higher chance of a larger portion
of the cancellous bone in its composition. Cancellous bone is more
vascularized compare to cortical bone. The increased bleeding may
obstruct visibility and prolong the surgical procedure [36].
When accesses to the antral cavity from the lateral wall are contraindicated, entry to the sinus cavity transcrestally or palatally are the
viable alternatives. An indication for palatal approach is illustrated in
Figure 14 where the existing sinus graft is inadequate and more graft
is needed via a re-entry procedure (Figure 6) [3,41].
Schneiderian membrane thickness

Figure 4: The presence of the endosseous anastomosis at site of window
osteotomy.

Figure 5: Sagittal cross-section of CT-scan showing presence of endosseous
anastomosis (> 2 mm) of the posterior superior artery in the lateral wall of
the sinus.

J Oral Biol 5(1): 8 (2018)

Schneiderian membrane perforation is the most common
intra-operative complication associated with sinus augmentation
procedures [42]. Frequency rates ranging from 11% up to 56% have
been reported [41,43]. Membrane perforation has been related to a

Figure 6: Palatal approach indicated for additional graft placement (arrow
pointing to insufficient prior graft site).
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higher post-operative infection incidence as it threatens the coverage
and containment of the bone graft [44,45].
The correlation between membrane thickness and perforation
rate during sinus augmentation procedures have been recently
reviewed. The perforation rate was lowest when the thickness was
1.5-2 mm for transcrestal sinus lift and lowest when the membrane
thickness was 1-1.5 mm for lateral approach [18,45]. Therefore, a
pathology free, resilient membrane with thickness between 1-2 mm
supports a predictable sinus augmentation procedure, and caution
should be exercised when membrane is thin (<1 mm) or thick (>2
mm) to minimize the incidence of perforation [46].
Anatomical variations such as presence of underwood septa or a V
shape sinus cavity are other risk factors for membrane perforation as
they obscure visibility and limit access to the antral space [19,45]. The
occurrence of the septa has been documented in 20% to 35% of cases [20].
Multiple management procedures have been described from
aborting the surgery to suturing the wounded membrane [4749]. A predictable two-stage approach technique to manage large
perforations has been recently described in a case series by Dagba AS
et al. [50]. Once a large perforation occurred, further elevation of the
membrane is ceased and a collagen sponge is folded and placed at
the perforation site which acts as a space maintainer and provides
a scaffold for cells recruitment to the wounded area (Figure 7) [51].
Sinus augmentation procedure is postponed 3-6 weeks after repair
of the perforation. This time frame allows the membrane to heal,
facilitating for easier re-entry (Figure 8) [52].

osteotome technique in comparison to the lateral approach. Both
lateral window or transcrestal approaches are applicable when the
RBH is 6 mm or more. It has been suggested that the transcrestal
approach is less invasive however it is a blind technique in comparison
to the lateral approach where direct visualization and manipulation
of the membrane is possible [3].
A minimum of 5 mm RBH is traditionally recommended for
simultaneous surgical procedure to ensure adequate implant stabilization
and parallelism; when the RBH is less than 4 mm, delayed implant
placement is traditionally advocated [54]. Simultaneous implant
placement with inadequate RBH may increase the risk of implant
migration into the sinus cavity following initial bone remodeling. Peleg M
et al. reported no statistically significant difference in the implant survival
rate placed simultaneously in various RBH provided primary stability
could be achieved [55]. Primary stability can be increased by under
drilling; engaging internal anatomy wherever possible, or tilting implant
placement to engage more native bone if prosthetic design permits
[56]. Furthermore, RBH is not uniform anteriorly posteriorly often,
primary stability can be achieved by engaging the uneven RBH. Figure 9
demonstrated simultaneous implant placements at premolar sites where
the uneven sinus floor allows for improved implant anchorage.

The residual crestal bone height (RBH) is an indicator to decide
on the surgical procedure for sinus graft. RBH of 5 mm or less is
considered for lateral window technique [53]. The recommended
RBH threshold is based on the limited bone gain from the transcrestal

The shape of the sinus cavity should be evaluated. A higher
membrane perforation rate is demonstrated in V-shaped sinuses
where the angle between the lateral wall and the medial wall is less than
30 degrees [19]. The acute angle makes it more difficult to angulate the
hand instrument leading to higher chances of perforation; whereas
less perforation is noted in U shape cavity where maneuvering the
hand instrument is easier. However, it should be noted that more
bone to implant contacts might be expected in a V-shaped cavity than
U-shaped cavity when all other parameters are equal [19]. The closer
distance to the medial wall also allows for better blood supply and
faster maturation of the graft (Figure 10).

Figure 7: Illustration of membrane perforation repair using a folded collagen.

Figure 9: The shape of the sinus cavity and residual bone height influence
primary stability.

Figure 8: Re-entry procedure for sinus augmentation 3 weeks after repair
where the previous perforation site has healed.

Figure 10: Illustration of V-shaped and U-shaped sinus cavity.

Residual crestal bone height and timing of implant placement

J Oral Biol 5(1): 8 (2018)
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Sinus floor cortication
Bi-cortical anchorage has been advocated to provide higher
primary stability as multiple layers of dense bone are engaged
by the implant. A recent radiographic classification of the sinus
floor cortication has been introduced by Choucroun G et al. [56].
Options for sinus augmentation and timing of implant placement
have been proposed based on the four-cortication groups described.
Favorable recommendation has been made by the authors for lateral
augmentation and simultaneous implant placement where cortication
is present which is found in 72% of the CBCT scans studied (Figure
11). Simultaneous implant placement should be avoided where sinus
floor cortication was absent unless there is adequate RBH to achieve
primary stability (Figure 12).

Conclusion
The study reviewed the factors affecting sinus augmentation
and their clinical implications. The predictability of the sinus
augmentation and implant placement procedure relies more on the
inherent host factors and not only on the biomaterials. The checklist
provides guidelines for treatment planning in augmenting the
atrophic maxilla to minimize intra-operative complication.
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