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. List of signs and acronyms
MS: maxillary sinus

PSAA: posterior superior alveolar artery
CBCT: cone-beam computed tomography
RCT: randomized clinical trial

TSFE: transcrestal sinus floor elevation
EBG: endosinus bone gain

MBL: marginal bone loss



Il. ABSTRACT

Objectives: The aim of this study was to determine the differences in endosinus bone
gain in height, marginal bone loss, complications, the survival rate and patient
satisfaction of the implants placed using transcrestal sinus floor elevation with and
without bone graft, with a minimum follow up period of 6 months after surgery.
Materials and methods: An electronic and manual search were conducted to retrieve
clinical studies on transcrestal sinus floor elevation with or without graft. The electronic
search was performed on three online databases: PubMed/MEDLINE, Scopus, and
Web of Science from January 2012 to January 2022, relevant studies were selected
according to the inclusion criteria. Results: 8 articles were selected and a total of 366
implants were studied, of which 228 were placed with a graft biomaterial and 138
without any bone graft biomaterial. Within a follow up from 24 to 120 months the
survival rate was 96.7% for the grafted group and 97.2% for the group without graft.
There was no significant difference in endosinus bone gain, marginal bone loss after a
period of three years between the grafted and non-grafted implants. The complications
found were not related to the insertion or not of a grafting material. Conclusions: Sinus
augmentation via transcrestal access is a safe and predictable technique and its

prognostic does not change when bone graft material is not used.

lll. Keywords

Transcrestal sinus elevation; indirect sinus floor augmentation; sinus lift with bone graft;

graft-less sinus lift; osteotome technique; maxillary sinus; bone regeneration.



1. Introduction

1.1. Sinus lift surgery
Replacing one or more missing teeth with dental implants is a good treatment option

with a high success rate (1-3). However, the region of the posterior maxilla is often
limited for standard implant placement since the alveolar bone height is substantially
reduced because of the presence and pneumatization of the maxillary sinus, and this
can lead to a situation where dental implants can not be placed (1,2). As the field of
implant dentistry evolved, surgical techniques like the maxillary sinus lift have been
developed to allow implant placement in sites like the posterior maxilla, where the

alveolar bone is deficient.

The sinus lift surgery is a predictable and successful surgical technique that allows an
increase in bone height for cases presenting bone atrophy in the area of the posterior
maxilla (1-4), the objective of the surgery is to regenerate the missing bone in order to
achieve enough stability to place one or more dental implants. This procedure has also
been referred to in the literature as maxillary sinus elevation, maxillary sinus floor

augmentation, maxillary sinus floor elevation, sub-antral augmentation.

The maxillary sinus floor elevation technique was first described and published in 1980
by Boyne and James (5). They described a two-stage procedure where in the first stage,
the maxillary sinus was augmented with autogenous bone graft harvested from another
site and then placed in the maxillary bone through a lateral window. After a healing
period, they inserted implants to support a fixed or removable prosthesis (5). Such an
approach is relatively invasive, so if the patient has pre surgical adequate bone height a
less traumatic transcrestal approach can be adopted to elevate the sinus, which was

described by Tantum (6) in 1986.

In 1994 Summers (7) proposed a more conservative approach: the transcrestal
technique. He used a set of tapered osteotomes of increasing diameter to elevate the
floor of the sinus, this surgical technique is commonly referred to as the “osteotome
technique” or “Summers technique”. This approach can be considered less traumatic
and more conservative than the lateral window access but can be used only if the patient

has adequate bone height.



Nowadays, two main techniques are used to perform this surgery: the lateral approach
through a lateral antrostomy, which is the standard technique described by Boyne and

James (5), and the transcrestal approach, described by Summers (7).

1.2. Maxillary sinus
A sinus is an empty space within the bone, covered by a layer of mucous membrane.

Within the human skull, there are four pairs of paranasal sinuses: the maxillary, ethmoid,
frontal, and sphenoid sinuses (8). The paranasal sinuses communicate with the nasal
cavity, inside them the inspired air is warmed up and humidified so that optimal
exchange of oxygen and carbon dioxide can happen in the lungs (8). Moreover, functions
associated with the sinuses include decreasing the physical weight of the bones,
providing resonance to achieve a functional phonation, detecting changes in the
environmental pressure, providing a shock resistance in case of traumatic injuries, and

moderating the airflow in respiration (9,10).

1.2.1. Physiology and histology
The maxillary sinuses (MS) are the largest of the paranasal sinuses, having an average

volume of 12,5mL (minimum 5 mL and maximum 22 mL) (11). They are lined by a thin
bilateral mucoperiosteal membrane: the side facing the lumen of the sinus is comprised
of pseudostratified columnar epithelium with many goblet cells, being supplied by a
vascularized lamina propria which contains serous glands, mucous glands, and venules.
Whereas the bone side is comprised of an osteogenic periosteal layer (10). The
periosteal layer contains stem cells, which have osteogenic potential and it is thought to
be important in the healing of bone grafts used in sinus floor elevation treatments to
increase in height the edentulous posterior maxillary segments prior to implant insertion

(12). This membrane is also called the Schneiderian membrane.

The Schneiderian membrane, defined as the mucoperiosteal layer that lines the MS, is
composed of epithelium and a lamina propria which make up the mucosa, and the

underlying periosteum (3).

The epithelium lining the sinuses has an important role when the mucous accumulates:

the mechanical activity of cilia carries the mucus from the sinuses to the nasal cavity,



then to the nasopharynx, where it is ingested into the gastrointestinal tract. In the
maxillary sinus, the mucus is moved toward the sinus ostium in the superior medial wall
and subsequently, it is drained into the ethmoidal infundibulum so that the airway is
protected against debris, infections, and inhaled irritants (4).

1.2.2. Mucosa

The mucosa is a thin, homogeneous soft tissue that lines the inner walls of MS (8). Most
authors consider mucosal thickening higher than 2-3 mm to be pathological,
nevertheless normal thickness of the mucosa remains a discussed topic (15,16). The
male mucosa is thicker than the female mucosa, and mucosal thickness diminishes from
anterior to the posterior area in both sexes (16), apart from that, periapical pathology
of teeth or clinical intervention are the most common factors that generate mucosal
thickening in the lower portion of the maxillary sinus (15).

1.2.3. Osteology

The maxillary sinus has the shape of a pyramid, with a flat non-pointed apex that is
directed towards the zygoma and has its base to the side of the nasal cavity. The
posterior and inferior walls are the only thin walls of the sinus, whereas all the other

walls are usually thick under normal conditions (4,8).

The maxillary sinus's medial wall is composed of a thin bony plate which is formed
by the maxilla, the inferior turbinate, the uncinate process, the palatine bone's
perpendicular plate, and the lacrimal bone. Moreover, the MS ostium is located
anteromedially and has a diameter of 3 to 4 mm, the uncinate process largely covers its

medial aspect (17).

The floor of the MS is composed of the alveolar and palatine process of the maxilla, it is
located from 1.0 to 1.2 cm below the floor of the nasal cavity (18) and it extends from
the premolar area to the maxillary tuberosity (4). The posterior teeth are separated from
the MS by compact bone, which can be insufficient or missing in some cases, allowing
the roots of some posterior teeth to protrude inside the MS and eventually make a way

for odontogenic infections to spread directly into the sinus.

The roof of the MS is formed by the floor of the orbital cavity. The infraorbital foramen

has proximity to the anterior wall of the MS, more precisely in the middle superior part



of it, and the thinnest part of the anterior wall is the canine fossa, while the posterior

wall of the MS borders with the pterygomaxillary fossa (17).

1.2.4. Innervation
The MS is innervated by the posterior superior alveolar nerves, which are collateral

branches of the maxillary nerve, and by the anterior and middle superior alveolar
nerves, which are collateral branches of the infraorbital nerve (17). The MS anterior area
is mainly innervated by the middle superior alveolar branch. The nervus intermedius of
the facial nerve sends parasympathetic secretomotor fibers to the pterygopalatine
ganglion, where they synapse and travel to the sinus mucosa through the trigeminal

sensory branches (17).

1.2.5. Blood supply
The MS is irrigated by the posterior superior alveolar artery, the infraorbital artery, and

the posterior lateral nasal artery, which are all branches of the maxillary artery (19,20).
The posterior superior alveolar artery (PSAA) descends on the maxillary tuberosity and
enters the posterior alveolar canals to supply the lining of the MS through the sinus's
medial wall. The infraorbital artery extends through the infraorbital groove and canal,
under the orbit, and out the infraorbital foramen on the maxilla's facial surface, within
the infraorbital canal it gives off the anterior superior alveolar arteries which also supply

the maxillary sinus (20).

The PSAA and the infraorbital artery join in an intraosseous anastomose inside the sinus
lateral wall and form the alveolar antral artery, guaranteeing hematic contribution to
the sinus membrane and the periosteal tissues, especially the anterior lateral wall of the
sinus (19). In addition to that, between these two arteries an extraosseous anastomosis
is commonly found. The lateral wall of the nasal cavity and paranasal sinuses are
supplied by the sphenopalatine artery, which courses through the sphenopalatine
foramen giving off posterior lateral nasal arteries (20).

1.2.6. Sinus pneumatization and bone loss in the posterior maxilla

After birth, the maxillary sinuses are continuously expanding, and as patients grow
older, the sinus shape changes into an upside-down pyramid. This process is known as

sinus pneumatization (21,22).



According to the pneumatization theory of Witmer, pneumatized areas are the result of
two opposing forces: one is the epithelium's tendency for opportunistic expansion,
while the other is the requirement for a structurally sound and functionally efficient

osseous architecture (23).

In view of the fact that maxillary sinuses are subject to pneumatization, intrasinus bony
structures like the septa are required throughout development to protect against
external physical stresses. Bone deposition would support these, their presence reflects
the pattern of epithelial expansion. The constant alternation between bone deposition

and epithelial expansion causes several septa variations within the population (23).

Two other theories exist: the first asserts that the degree of pneumatization is
genetically determined, and the second claims that the degree of pathogenic
involvement throughout childhood determines the level of pneumatization. But also,
the pressure generated by the inspired air could influence the process of

pneumatization (24).

Furthermore, in the maxilla, posterior teeth extraction or absence can cause alveolar
ridge remodeling, which can result in a downward expansion of the maxillary sinus. From
a clinical point of view, maxillary sinus pneumatization and ridge resorption in the
coronal area of the extraction socket can reduce the available bone height for future

implant insertion (25,26).

The first premolar is the tooth which is the farthest away from the maxillary sinus floor,
whereas the second molar’s mesiobuccal root is the closest. The roots of the maxillary
first premolars rarely project into the MS, whereas the palatal root of the first molar is

the most typically observed extending into the MS (27,28).

Second upper molar extraction results in the most extensive sinus pneumatization,

which should be considered if the patient needs implant rehabilitation (21).

1.3. Indication for sinus lift surgery.
The general indication for a sinus lift surgery is implant placement in the premolar

and/or molar area of the maxilla with inadequate bone height at implant sites (2,3,29).



As described, the loss of alveolar bone in the posterior maxilla is often the result of two
processes: firstly, post extractive bone loss and secondly MS pneumatization, which
reduces the distance from the sinus to the residual alveolar crest (30). Together or alone,
these two processes result in inadequate bone support for implant placement (3).
Moreover, the low quality of the residual bone can worsen the implant survival
prognosis (31). In fact, to diagnose and treat a patient who needs implant placement in
the posterior atrophic maxilla, it is important to understand the quantity and quality of
bone left. Only after that, it can be established if to rehabilitate with implants a bone
height gain is needed or not.

1.3.1. Classifications of bone loss pattern

The pattern of bone loss after tooth extraction has been classified in different ways. J. L
Cawood and R. A. Howell (32) examined three hundred dried skulls and developed a
classification of edentulous jaws aimed to describe the pattern of bone resorption in the
various edentulous parts of the jaws simplify the description of the ridge and facilitate
communication between clinicians. Image 1 shows the pattern of bone resorption in the

posterior maxilla. The classification is the following:

Class I: dentate ridge

Class Il: post-extraction alveolar ridge

Class IlI: alveolar ridge adequate in both with and height

Class IV: knife-edge alveolar ridge shape, adequate height but inadequate width
Class V: flat ridge inadequate in width and height

Class VI: depressed ridge inadequate in width and height (32)



POSTERIOR MAXILLA

Image 1: Five classes of bone resorption in the posterior maxilla. Class I: dentate ridge. Class Il: post-extraction
alveolar ridge. Class Ill: alveolar ridge adequate in both with and height. Class IV: knife-edge alveolar ridge shape,
adequate height but inadequate width. Class V: flat ridge inadequate in width and height. Class VI: depressed ridge
inadequate in width and height. (32) Cawood JI, Howell RA. A classification of edentolous jaws. International Journal
of Oral Maxillofacial Surgeons. 1988;17(13):232—6.

However, the resorption of the maxilla should not only be classified regarding bone
height and width, but also according to the type of resorption pattern: sinus
pneumatization alone, vertical and/or horizontal resorption of the ridge, and the vertical
and horizontal relationship between the occlusal plane and the maxillary ridge (33), so
Chiapasco et al. (31) developed the following classification of the posterior atrophic

maxilla:

Class A: Ridge height between 4 and 8mm. Alveolar width > 5mm and absence of

significant resorption of the ridge

Class B: Ridge height between 4 and 8mm. Alveolar width < 5mm and absence of

significant resorption of the ridge

Class C: Ridge height < 4mm. Alveolar width 2 5mm and absence of significant

resorption of the ridge

Class D: Ridge height < 4mm. Alveolar width < 5mm and absence of significant

resorption of the ridge

Class E-H: Same criteria of classes A-D but with significant vertical resorption of the ridge

and inadequate vertical intermaxillary relationship



Class I: Severe three-dimensional atrophy of the maxilla, increased crown space vertical
dimension, horizontal resorption, and sagittal intermaxillary discrepancy because of

centripetal bone resorption of the maxilla (31).

1.4. Pre-operative study
A thorough medical history and physical examination should be performed when

planning a sinus lift surgery. Recent upper respiratory infection, acute and/ or chronic
sinus disease, chronic sinus/facial pain, otitis media, history of nasal/sinus surgery,
antral polyps, cysts or tumors, history of prior attempts at maxillary reconstruction, and
history of smoking should be noted. A consultation with an otorhinolaryngologist prior
to the surgery is essential in these cases. While there are some relative contraindications
for the procedure, there are almost no absolute contraindications, except for patients
with decompensated metabolic diseases, patients undergoing chemotherapy and/or

radiotherapy, and patients with uncontrolled periodontal disease (3,30).

The distance from the mandibular occlusal plane and the maxillary ridge should be
examined, if it measures less than 5 millimeters the prosthetic treatment can be
compromised. The relationship between the mandibular occlusal plane and the
maxillary ridge should also be determined in the buccolingual dimension so that the
future maxillary prosthesis will have its buccal cusps lateral to the buccal cusps of the
mandibular antagonist tooth. To better study inter-arch relationships and future
occlusion, a diagnostic wax-up can be fabricated and the information obtained can be

integrated with a radiographic study (30).

The surgical approach to be used is determined by the class atrophy of the posterior
maxilla, the vertical bone height of the residual ridge, location of the maxillary sinus, the
thickness of the Schneiderian membrane, the thickness of the lateral wall of the sinus,
the presence of sinus septa or sinus pathology, and the antral artery course (30,34).
These variable factors must be examined when planning the surgery by using cone-beam
computed tomography (CBCT), which is highly essential for the success of the surgery
since the clinician can understand whether the surgery is possible or the risk for

complications could occur (34).



1.5. Sinus lift surgery, the lateral approach
This technique consists in opening lateral access to the MS through a lateral window and

filling part of the sinus with bone graft material to gain bone height. A lateral approach
is used when the residual bone is at least 3 to 5 millimeters in height (2,35), in order to
provide sufficient primary stability of the implant. This technique has high survival rates
that range around 93,7% after 6 years (2), however, the two main complications
associated with this technique are the risk of perforation of the Schneiderian membrane
while instrumenting during the antrostomy, and the bleeding caused by the injury of the
antral artery (36). The risks can be reduced by adopting a less invasive transcrestal
technique or using piezoelectric instruments. This technique implies delayed

rehabilitation.

Preoperative imaging study is a vital factor in the success of the surgery (37), considering
that special attention is required to not compromise the alveolar antral artery during
osteotomy. Furthermore, to avoid the MS membrane perforation, clinicians should be
more careful in the presence of thick lateral walls, presence of septa in the MS, reduced
sinus width, and the presence of sinus pathologies. The lateral window should be
designed closer to the MS’s anterior wall and floor, to have better access for the

instrumentation of the membrane and avoid its perforation (30,38).

The surgery is realized first achieving anesthesia by local infiltration and greater palatine
and posterior superior alveolar nerve blocks (39). A crestal incision on the alveolar ridge
of the posterior maxilla is performed, possibly towards the palatine to ensure enough
flap thickness and better healing. Relief incisions may be performed in mesial, distal, or
both if needed. A full-thickness mucoperiosteal flap is raised to provide access to the

lateral antral wall of the MS (4,39).

The osteotomy is made using a round bur mounted on a high-speed rotatory instrument
or piezoelectric instruments, all osteotomies are performed under constant irrigation
with physiological serum. The goal is to create a lateral window in the bone and establish

communication with the MS and access for instrumentation (4,39).



The Schneiderian membrane, being from white gray to blueish-purple in color, should
be visibly exposed once the osteotomy is accomplished, and the middle bony wall should
be movable because it would be only attached to the underlying membrane (30). The
bony wall can be either pushed in the sinus and then located over the graft material to

form a new sinus floor or removed to allow better access to the MS (30,39).

The membrane is gently separated from the bone and elevated with specific curettes
starting in order from the above, distal, mesial, and the floor respectively. Once the
membrane is elevated and some space to host the bone graft material is created, a
cotton or gauze soaked with 2% lidocaine containing epinephrine 1:100,000 can be
placed in the space to achieve hemostasis and improve the direct vision of the surgical
field (40). At this stage of the surgery, the clinician should check for membrane

perforation.

After carefully filling with bone graft material every area of the space created lifting the
membrane, the window can be covered using a synthetic membrane. To conclude, the
flap is repositioned and sutured correctly, to avoid wound dehiscence and graft
contamination (4,30,39). Implants are either placed at the same time of grafting, which
would be referred to as 1-stage surgery, and it is performed only when it’s possible to
have sufficient implant primary stability, or after 12 months since the sinus has been

grafted: 2-stage surgery (2,4).

1.6. Sinus lift surgery, the transcrestal approach
This approach consists in performing an osteotomy accessing from the crest of the

alveolar ridge, hence this technique is referred to as transcrestal sinus elevation. The
osteotomy will allow indirect access to the maxillary sinus and, when compared with the
lateral antrostomy, it has the advantage to be not only less invasive and more
conservative but also implies lower postoperative morbidity, less time to load the
implant, and high survival rates that range around 97,2%. Moreover, most of the time

the implants are placed in the same session (2,41).

On the other hand, it is more suitable to use the transcrestal approach when a single

tooth needs to be replaced. This technique can only be used when there is enough

10



vertical bone height in the posterior maxilla, so the residual bone has to be at least 5 to
6 millimeters in height in order to perform this surgical technique, but studies report
that this technique is used when the residual bone height is less than 6 millimeters
(2,3,39,41-49). This surgery is blinded, because the clinician is not able to directly
visualize the sinus membrane, and it can render it more difficult to solve a complication
caused by membrane perforation. A predictable outcome is obtained when the MS sinus

floor is free of septa and the Schneiderian membrane is kept intact (2).

After local anesthesia is achieved, a crestal incision is performed and a full-thickness flap
is lifted to expose the alveolar ridge, nevertheless, a flapless technique can be used (39).
A 2 millimeter twist drill is used to remove bone until 1 millimeter from the sinus floor,
then the osteotomy is expanded from 0,5 to 1,2 mm less than the implant diameter with
sequential osteotomy drills of increasing diameter or a series of osteotomes of
increasing diameters tapped with a mallet in order to compress the bone by pushing it
laterally and apically, to fracture the floor of the sinus and to elevate the sinus
membrane. Before the surgery, the preoperative bone height below the sinus is
determined to calculate the desired extension of the drills or the osteotomes inside the

bone (3,4,39).

At this point particles of bone graft can be inserted into the osteotomy and moved
apically by tapping lightly, fracture of the sinus floor can be detected by noting the
change in resistance between the osteotome and the bone or a change in the sound

when tapping (39).

However, due to the exceptionally good healing capacity of the chamber created below
the Schneiderian membrane (50-52) the need for addition of graft material is
questionable. This concept might suggest that a graftless indirect sinus elevation could
be a predictable and successful technique (2,46—49,53—71), in addition, it excludes the
possible risks of placing graft material inside the sinus and the cost of it.

1.6.1. Different techniques for the crestal approach

- Hydraulic transcrestal sinus lift or balloon technique: this variation of the transcrestal
technique aims to prepare a transalveolar osteotomy using drills and, once the sinus is
reached, the membrane is elevated using a hydraulic lifter with light pressure. A tube

connects the balloon to a syringe filled with saline solution, when the clinician pressures
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the plunger of the syringe, the balloon inflates, and the sinus membrane is elevated
(72,73). The hydraulic system minimizes the perforation risk because it distributes the
lifting pressure evenly (72), ensuring membrane safety and less post-operative bleeding.
This method can be beneficial in hard to access situations when adjacent teeth are
present, moreover, blood circulation in the vascular and reticular layers will remain

intact, allowing vascularization of augmented tissue (73,74).

- Transcrestal sinus floor elevation using press-fit bone cylinders: first, a cylinder of bone
is harvested, then the sinus is reached by opening a transcrestal circular window. The
elevation of the sinus floor is performed with a blunt plunger in order to not perforate
the membrane. Then the transplant bone cylinder can be implanted with the plunger by
mallet strokes after positioning it manually. A clinical advantage of this technique is that
the bone graft can not be dislodged into the free sinus space, as it fits perfectly the

osteotomy (75,76).

- Hydrodynamic Piezoelectric Internal Sinus Elevation: a piezoelectric instrument is an
ultrasonic device used to make osteotomies, reducing the risk of membrane perforation,
since it does not cut soft tissues. The piezoelectric surgery systems come with many
different inserts, from osteotomes to diamond-cutting inserts, to inserts to help elevate
the sinus membrane. A round carbide insert is connected to the ultrasonic piezoelectric
device and used to break the floor of the maxillary sinus, then a wider hydrodynamic
piezoelectric internal sinus elevation insert is used to enlarge the osteotomy and to lift
the sinus membrane through hydrodynamic pressure by internal irrigation concurrently

(3,77).

- Osseodensification approach: this method consists in performing the transcrestal
osteotomy using burs of increasing diameter with many grooves, the burs are supposed
to rotate in an anticlockwise direction. This approach is less traumatic than conventional
drilling since it tends to compress the bone instead of eliminating it, in fact, the healing
time of the bone is faster and the bone density around the implants is increased.
Moreover, an implant with a wider diameter could be placed in a narrow ridge avoiding

bone dehiscence or fenestration (78,79).
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2. Justification, hypothesis, and objectives

Justification: Implants placed in the posterior atrophic maxilla are often a decisive factor
for the overall success of a prosthesis and can be placed using complex surgical
procedures like sinus floor augmentation together with the use of a bone graft to gain
bone support that the maxilla is lacking. These techniques are associated with higher
cost, increased treatment time, and greater morbidity. So, there is a need of rendering
these procedures even safer, less invasive, and less expansive for the patient from an

economic point of view.

Hypothesis: When indicated, performing a transcrestal sinus lift without bone graft does
not show a significant difference regarding endosinus bone gain, marginal bone loss,
complications and implant survival when compared with transcrestal sinus lift with bone

graft, while still being a valid, successful, and predictable treatment option.

Main Objective:

1. Systematically review the literature concerning the treatment outcome comparison
between indirect sinus lift technique with and without graft material in atrophic

posterior maxillae.

Secondary objectives:

1. Determine the differences of endosinus bone gain in height and marginal bone loss of
the implants placed using transcrestal sinus floor elevation with and without bone graft,

with a minimum follow up period of 6 months after surgery.

2. Evaluate the influence of a graft-less transcrestal sinus elevation on post-surgical

complications and implant success rate.

3. Evaluate and compare the degree of patient satisfaction after a transcrestal sinus

elevation with or without bone graft.
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3. Materials and methods

This systematic review was conducted in accordance with the guidelines of the Preferred
Reporting of Systematic Reviews and Meta-analyses (PRISMA) statement (80) (Appendix
1) and followed the models proposed in the literature. The protocol of this review was
registered in the International Prospective Register for Systematic Reviews (PROSPERO).
Clinical questions were separated and organized using the P.I.C.O. strategy (population,

intervention, comparisons, outcomes, study design).

3.1. Selection of studies - P.I.C.O. question (Focused question)
The variables of population, intervention, comparison, and outcomes were used to

formulate the following question:

Is the indirect sinus lift technique, without the use of bone graft material, a valid
technique to treat with implants atrophic posterior maxillae when compared

with transcrestal technique with bone graft in the same category of patients?
Population: Patients (> 18 years old) needing implant/s posterior atrophic maxillae.
Intervention: Transcrestal sinus elevation with any technique, without using bone graft.
Comparison: Transcrestal sinus elevation with any technique, using bone graft material.

Outcomes: Primary outcome measures include the amount of bone height gained and
peri-implant marginal bone loss. Secondary outcome measures include, survival rate of

implants, post-surgical complications and patient’s satisfaction.

The inclusion criteria were:

* Prospective and retrospective cohort studies, controlled clinical trials (CCTs), and
randomized clinical trials (RCTs) that analyzed the amount of bone formation after

indirect maxillary sinus lift with and without the use of bone graft material

e Transcrestal sinus lift without bone graft performed using a well-defined surgical

procedure and reporting detailed information

e Minimum follow-up of 6 months after surgery
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e Articles reporting implant survival and success rate, alveolar bone gain, crestal bone

loss, or post-surgical complications
¢ Case series with more than 10 cases

e Article in English, Spanish and Italian published during the last 10 years

The exclusion criteria were:

e Systematic reviews, meta-analysis, literature reviews, and letters to the editor
e Case reports

e Animal studies

e Studies on direct sinus lift or comparing between direct and indirect elevation
e Studies involving volunteers with decompensated metabolic diseases

e Studies involving participants aged < 18 years old

3.2. Search strategy and sources of data
Relevant studies were identified through three online databases: PubMed/

MEDLINE, Scopus, and Web of Science. All the results had to be published during the last
10 years. The last search was conducted on the 13% of January of 2022 in the three
databases mentioned. To complement the databases search, cross-searching of cited
references in the studies that were eligible after the full-text screening was performed.
A manual search was also carried out in the following international journals: Implant
dentistry, International Journal of Implant Dentistry, Journal of Clinical Experimental
Dentistry, Journal of Periodontology, Journal of Oral Implantology, Periodontology 2000,

and Clinical Oral Implants Research from January 2012 till January 2022.

The following search strategy was used: ("Sinus Floor Augmentation" [Mesh] OR "sinus
lift" OR "sinus augmentation" OR "sinus elevation" OR "osteotome technique" OR "sinus
graft" OR "sinus floor elevation" OR “sinus floor lift”) AND ("indirect" OR "transcrestal"
OR "transalveolar" OR “osteotome” OR “bone graft*” OR “graft*” OR “bone

augmentation” OR “graft-free” OR “non-graft*”) AND (“dental implants”)
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Database

Search strategy

Filters

Date

search

of

PubMed/
MEDLINE

("Sinus Floor Augmentation" [Mesh] OR
"sinus lift" OR "sinus augmentation" OR
"sinus elevation" OR "osteotome
technique" OR "sinus graft" OR "sinus
floor elevation" OR “sinus floor lift”) AND
("indirect" OR  "transcrestal" OR
"transalveolar" OR “osteotome” OR
“bone graft*” OR “graft*” OR “bone
augmentation” OR “graft-free” OR “non-

graft*”) AND (“dental implants”)

Published during

the last 10 years

13/01/2022

Scopus

("Sinus Floor Augmentation" [Mesh] OR
"sinus lift" OR "sinus augmentation" OR
"sinus  elevation" OR "osteotome
technique" OR "sinus graft" OR "sinus
floor elevation" OR “sinus floor lift”) AND
("indirect" OR  "transcrestal" OR
"transalveolar" OR “osteotome” OR
“bone graft*” OR “graft*” OR “bone
augmentation” OR “graft-free” OR “non-

graft*”) AND (“dental implants”)

Published during

the last 10 years

13/01/2022

Web of

Science

("Sinus Floor Augmentation" [Mesh] OR
"sinus lift" OR "sinus augmentation" OR
"sinus elevation" OR "osteotome
technique" OR "sinus graft" OR "sinus
floor elevation" OR “sinus floor lift”) AND
("indirect" OR  "transcrestal" OR
"transalveolar" OR “osteotome” OR
“bone graft*” OR “graft*” OR “bone
augmentation” OR “graft-free” OR “non-

graft*”) AND (“dental implants”)

Published during

the last 10 years

13/01/2022
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3.3. Process for the selection of the studies
Titles and abstracts of all the results yielded in the last search were downloaded in the

software Mendeley (Mendeley desktop version 1.19.8 © 2008-2020 Mendeley Ltd. All

rights reserved) to manage bibliographic references and remove the duplicates.

The individual references were exported to an excel spreadsheet (Microsoft Excel for
Mac version 16.59 22031300 © 2022 Microsoft. All rights reserved) with the following
information: author’s name, date of publication, article title, journal, volume, issue, and
abstract. The spreadsheet was used to organize all the studies obtained through the

search.

3.4. Screening for article selection
Titles and abstracts of all the references obtained through the last search on the

electronic databases were examined independently and blindly by two reviewers (M.N.
and A.B.). The two reviewers selected for the analysis of the full text the studies that
complied with the inclusion criteria or the ones with insufficient data to make a decisive
exclusion. The disagreement regarding inclusion or exclusion was solved through a third

reviewer (A.M.P.).

After the initial selection, the same reviewers read independently and blindly the full-
text version of the selected articles that could be potentially included in this systematic
review. The final selection of articles was made based on the eligibility criteria
mentioned above. Cohen’s kappa coefficient was calculated to measure inter-examiner

agreement.

3.5. Risk of bias assesment
The risk of bias was analyzed by the author (M.N.) for each of the articles selected. The

Cochrane Risk of Bias Tool for randomized controlled trials (81) was used, an Excel
(Microsoft Excel for Mac version 16.59 22031300 © 2022 Microsoft. All rights
reserved) tool to implement RoB 2 was downloaded and it aided to assess the risk of

bias for all randomized studies. The ROBINS-I risk of bias tool to assess non-
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randomized studies of interventions (82) was used to assess the risk of bias in all non-
randomized studies of interventions. The risk of bias according to these tools was

classified as low, unclear, or high.

3.6. Data extraction
The data extraction of the selected references was performed by the author (M.N.). An

excel spreadsheet (Microsoft Excel for Mac version 16.59 22031300 © 2022 Microsoft.
All rights reserved) was used and the following data were identified and extracted: First
author, year, type of study, number of patients, age, gender, number at start, number
at end, use of bone graft, implant diameter, implant length, number of sinuses elevated,
implant site, make of implant, implant number, biomaterial used, preoperative residual
bone height, endosinus bone gain, implant protrusion length, follow up, survival rate,

marginal bone loss, complications, patient satisfaction, number of patients who smoke.
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4. Results

4.1 Study selection
The search yielded a total of 2292 records, of which 704 were from PubMed, 546 from

Scopus, and 1042 from Web of Science. The duplicates were removed, and a total of
1184 records were screened by title and abstract. After the screening process, 95
registers were selected for full-text retrieval and assessment according to eligibility

criteria. A total of 6 articles met our inclusion criteria (Appendix 3).

The cross-searching of cited references in the studies that were eligible revealed one
potential record which was then included in the screening process and later included in
this review. The manual search which was carried out in the international journals
mentioned previously yielded one record that met our inclusion criteria, and it was

included in this review.

A total of 8 articles were included in this systematic review. Cohen’s kappa coefficient
to measure inter-examiner agreement was calculated (K= 0.91) and it indicated an
almost perfect agreement between the reviewers for the analysis of the full text. Image

2 represents this process using the PRISMA flow diagram (80).
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Records identified through the
search from the databases:
PubMed (n = 704)
Scopus (n = 546)
Web of Science (n = 1042)

Total registers (n = 2292)

A 4

Records screened by title and
abstract
(n=1184)

A 4

Reports sought for retrieval
(n=95)

Records removed before

4

Reports assessed for eligibility
(n=6)

v

Studies included in review
(n=8)

Reports of included studies
(n=0)

Reason 2 (n=1)
Reason 3 (n = 22)
Reason 4 (n=2)
Reason 5 (n = 27)
Reason 6 (n = 6)
Reason 7 (n=2)
Reason 8 (n = 3)
Reason 9 (n = 18)

screening: . . )
Duplicate records removed Records _nma_mmla from:
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Image 2: Flow diagram of the systematic review using the PRISMA flow diagram (80). Page MJ, McKenzie JE, Bossuyt

PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting

systematic reviews. BMJ. 2021 Mar;372:n71.
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Table 1 depicts the reasons for the exclusion of each article after reading the full text

Authors and year

Zahedpasha et al. 2021 (83)
Borges et al. 2011 (84)
Cricchio et al. 2011 (85)
Riben et al. 2016 (86)
Tomruk et al. 2016 (87)
Malchiodi et al. 2016 (88)
Lombardo et al. 2020 (89)
Soydan et al. 2015 (90)
Lumbau et al. 2021 (91)
Freiha et al. 2021 (92)
Pabst et al. 2015 (93)
Mandelli et al. 2013 (94)
Zhen et al. 2012 (95)
Bensaha 2012 (96)
Bernardello et al. 2011 (97)
Baldi et al. 2011 (98)
Mazor et al. 2011 (99)
Nizam et al. 2020 (100)

Shi et al. 2020 (101)
Rammelsberg et al. 2020 (45)
Shi et al. 2019 (102)
Nahlieli et al. 2019 (103)
Wang et al. 2019 (104)

Zill et al. 2016 (105)

Nedir et al. 2016 (58)
Magdy et al. 2021 (106)

Shi et al. 2021 (107)

Volpe et al. 2013 (59)

Criteria

v U1 W U1 L1 OO U1 W U1 T W W W W WWPd,DWWW R, WWN R, R, R, R
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Kakar et al. 2021 (108)
Gai et al. 2021 (109)

Li et al. 2020 (110)
Brizuela et al. 2014 (60)
Shi et al. 2015 (111)
Bae et al. 2015 (112)
He et al. 2013 (113)

El Hage et al. 2019 (62)
Crespi et al. 2012 (114)
Caban et al. 2017 (63)
Santagata et al. 2012 (115)
Xiao et al. 2011 (116)
French et al. 2016 (64)

Galindo-Moreno et al. 2014 (117)

Chandra et al. 2018 (118)
Gonzalez et al. 2014 (43)
Stefanski et al. 2017 (119)
Bruschi et al. 2013 (120)
Senyilmaz et al. 2011 (121)
Rammelsberg et al. 2015 (65)
Kim et al. 2012 (122)

Cricchio et al. 2014 (66)

Yang et al. 2021 (123)
Altintas et al. 2013 (124)
Thoma et al. 2015 (125)
Zhang et al. 2013 (126)

Jiang et al. 2017 (127)
Shayesteh et al. 2013 (128)
Zhang et al. 2017 (129)
Rammelsberg et al. 2012 (130)
Sahrmann et al. 2016 (131)

o v uun O oo oV OV L O = U VO U1 00 kLB 00 N U Ul WwW Ul Ll L1l L1l 0O W Ul L U N
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Si et al. 2016 (68)

Abi Najm et al. 2018 (69)
Andrés-Garcia et al. 2021 (47)
Fermergard et al. 2012 (70)
Lopez-Quiles et al. 2018 (74)
Bruckmoser et al. 2018 (132)
Xiao et al. 2011 (133)

Crespi et al. 2021 (134)
Chen et al. 2017 (135)

Ahn et al. 2012 (136)

Wang et al. 2018 (137)
Rammelsberg et al. 2020 (71)
Fugazzotto 2017 (138)

Lin et al. 2014 (139)

Bruschi et al. 2012 (48)
Thomas et al. 2018 (44)
French et al. 2015 (140)
Pozzi et al. 2014 (141)
Bruschi et al. 2021 (142)

Jain et al. 2021 (143)
Mahesh et al. 2019 (144)

Gu et al. 2016 (57)

Carelli et al. 2021 (145)
Volpe et al. 2016 (51)

Gatti et al. 2018 (146)

Nedir et al. 2016 (147)

Nedir et al. 2018 (148)

Al Qabbani 2020 (149)

Zhao et al. 2018 (150)

v »un o n o u u O OV LV VU OV VU OV OV H U1 O O U1 O L L OV O LV w U Uu un v
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Table 1 Articles excluded and criteria: 1 (Lateral approach), 2 (Review), 3 (Different objective, no comparison), 4
(Case report having less than 10 cases), 5 (No compariso, only graftless technique), 6 (Article in chinese), 7 (No
comparison, only graft technique), 8 (Different objective, not specific results), 9 (Different objective).

4.2 Study characteristics
Six Randomized clinical trials (RCT) (151-156) and two non-randomized studies of

intervention (157,158) were included (Table 3). The studies investigated the endosinus
bone gain (EBG) (151-158), the marginal bone loss (MBL) (151-154,157), survival rate
(151-154,156,157), complications (151-157) and patient satisfaction (152) for the

surgeries with and without bone graft.

This systematic review gathered the data of 207 patients, with an age range from 18 to
74 years, who underwent transcrestal sinus floor elevation (TSFE) with or without bone
graft. In three studies (151,153,156) some patients suffered perforation of the
Schneiderian membrane, and they were excluded from the studies. A total of 366
implants were studied, of which 228 were placed with a graft biomaterial and 138

without any bone graft biomaterial.

The biomaterials used were deprotinized bovine bone (Bio-Oss ®) mixed with
autogenous bone (151,153), deprotinized bovine bone (Bio-Oss ®) alone (152,154,156—
158), acemann extraction and sponge preparation (155), B-tricalcium phosphate (Bone
ceramic®) mixed with deprotinized bovine bone (Bio-Oss ®) (156), B-tricalcium

phosphate (Bone ceramic®) alone (156).

The make of the implants placed were Straumann®(151-154,156), Biomet 3i® (157),
Bicon® (158), and Osstem Implant® (155). Three studies reported the inclusion of
smokers who smoke less that 10 cigarettes per day (151,153,155), the rest did not report

the smoking status of the patients (152,154,156—-158).
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4.3 Risk of bias in studies
RCTs: Three (151,153) out of the six RCTs were considered as low overall risk of bias. The

randomization process was well defined in all the studies, but in some (152,154,156),
the bias due to deviations from intended interventions raised some concerns as it was
not mentioned weather if the patients were aware of the treatment option that they
received, and for two studies (152,154) the person delivering the intervention was the
same that analyzed the outcomes, this might suppose that the carer delivering the
intervention was aware of participants' assigned intervention during the trial. Bias due
to missing outcome data, measurement of the outcome and selection of the reported

result were low for all the studies (Image 3 and 4).

g

Sietal. (151)

‘ Low risk

! Some concerns

. High risk

Quian et al. (153)
Nedir et al. (154)

Nedir et al. (152)

0000006:
-@®--00x
0000006:
0000006:
0000006
COCC0®

Trinh et al. (155) D1 Randomisation process

Markovic et al. (156) D2 Deviations from theintended interventions
D3 Missing outcome data
D4 Measurement of the outcome
D5 Selection of the reported result

Image 3: Risk of bias assessment using Cochrane bias tool for RCTs

As percentage (intention-to-treat)

Overall Bias

Selection of the reported result
Measurementofthe outcome

Mising outcome data

Deviations from intended interventions

Randomization process
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Image 4: summary in percentage of the risk of bias using the Cochrane bias tool for RCTs
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Non-Randomized studies: Both studies (157,158) raised some concerns for bias in
measurement of outcomes, as one (157) did not mention the grade of knowledge about
the intervention received by the patients, and the other one (158) did not mention
weather if the assessors were aware or not of the intervention received by participants.
Additionally, one (157) raised some concerns for bias due to confounding, because even
if the residual bone heights were not significantly different between the two groups of
the study, one group (graftless group) received more short implants than the other one

(Image 5 and 6).

D1
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00

. Low risk
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D2 Biasin selection of participantsinto the study
D3 Biasin classification of interventions
D4 Bias due to deviations from intended interventions
D5 Bias dueto missing data
D6 Bias in measurement of outcomes
D7 Biasin selection of the reported result

Image 5: Risk of bias assessment using Cochrane bias tool ROBINS-I
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Image 6: summary in percentage of the risk of bias using the Cochrane bias tool ROBINS-I
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4.4 Results of individual studies
Si et al. (151) and Qian et al. (153) conducted a randomized controlled clinical trial

analyzing the same sample of patients and compared transcrestal sinus floor elevation
(TSFE) with and without bone graft, but at different follow up times: minimum 6 months
and maximum 120 months. They divided the patients in two groups, one group of 21
patients received TSFE augmented with deprotinized bovine bone (Bio-Oss ®) mixed
with autogenous bone (if present), and the other group of 20 patients without bone
graft. Implant length and diameter, which ranged between 6 mm and 10 mm, and 4.1
mm to 4.8 mm respectively, were not significantly different between the two groups.
The outcome data was statistically analyzed. The baseline measurements of the residual
bone height of both groups did not have a statistically significant difference, and the
mean intrasinus implant protrusion length was similar for both groups. The mean
endosinus bone gain was significanly higher in the graft group during the first two years,
and after resulted in more similar values, but still being higher in the graft group. The
marginal bone loss was higher in the group without graft during the year, and the
survival rate was adequate in both groups. One 10 mm implant in the graft group and
one 8 mm implant in the graftless group were lost at 6-12 months follow up due to
periimplantitis and an 8 mm implant in the graft group failed after 6 years of functional
loading due to marginal bone loss. The survival rate at 36 months was 95.2% in the graft
group and 95.0% in the graftless group. At 120 months 90.7% in the graft group and
95.0% in the graftless group.

Nedir et al. 2013 (154) and Nedir et al. 2017 (152) compared the same sample of 12
patients and investigated TSFE with and without bone graft, all implants were 8 mm
long, but at different follow up times: minimum 12 months and maximum 60 months.
The control group received 20 implants together with TSFE augmented with
deprotinized bovine bone (Bio-Oss ®) and the test group 17 implants with graftless TSFE.
The average residual bone height at baseline was similar between the two groups. The
mean endosinus bone gain was significanly higher in the control group, and the marginal
bone loss was slightly minor in the control group compared to the test group. Nedir et
al. 2017 (152) presented a statistical analysis of the outcome data. A statistically

significant difference in mean endosinus bone gain between test and control group was
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found at 12, 36 and 60 months, being higher in the control group. However, they
obtained relatively high results in terms of EBG in both groups of patients and noted
more bone formation in the interproximal surfaces between adjacent implants. The
survival rate was high and similar in both groups. At 1.8 months, 2 implants in the control
group were mobile and appeared moved coronally, after removal, only one was later
replaced without more graft, while at 32.4 months one implant in the test group failed
due to peri-implantitis. The study (152) reported complete patient satisfaction at 60
months follow up in all patients of both groups. The survival rate at 12 months was 90%
in the graft group and 100% in the graftless group. And at 60 months 90% in the graft
group and 91.1% in the graftless group.

Trihn et al. (155) studied a total of 30 patients divided into two randomized groups and
underwent TSFE with and without bone graft, the biomaterial used in the graft group
was an acemann sponge and the follow ups for both groups were 6 months. Their data
was statistically analyzed. There was no statistically significant difference in baseline
mean bone height between the two groups, and 11.5 mm long implants were placed in
both groups. In the immediate postoperative, the mean bone height of the blood clot
was almost identical for the two groups, however at 6 months the grafted group had
significantly higher endosinus bone gain. No complications were reported in any group.

The survival rate was not reported.

Markovic et al. (156) evaluated stability, success rate and endosinus bone gain for 45
patients who received TSFE in 4 sites augmented with either B-tricalcium phosphate
(Bone ceramic®) alone, deprotinized bovine bone (Bio-Oss ®) alone, B-tricalcium
phosphate (Bone ceramic®) mixed with deprotinized bovine bone (Bio-Oss ®) or without
any bone graft, depending on random assignment. The outcome data of this study was
statistically analyzed. The mean preoperative bone height was comparable in all sites,
the implants placed measured 10 mm and the mean follow up was 29.7 months. Two
examiners who analyzed the endosinus bone gain, had a strong agreement. After 6
months all test groups showed new endosinus bone that covered the implant at least to
the apex. All groups showed significant shrinkage of bone volume, after 24 months
deprotinized bovine bone (Bio-Oss ®) alone showed the most shrinkage (66.34%), B-

tricalcium phosphate (Bone ceramic®) mixed with deprotinized bovine bone (Bio-Oss ®)
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group had the least shrinkage (33.47%), while B-tricalcium phosphate (Bone ceramic®)
alone had 61.44% bone loss and the graftless group 53.02%. The two-year implant

success rate was 100% in all groups, without any major complications.

Verdugo et al. (157) and Yang et al. (158) conducted non-randomized studies and
evaluated the TSFE with and without bone graft and its relation to the endosinus bone
gain. The biomaterial used in both studies was deprotinized bovine bone (Bio-Oss ®)
alone. The first author (157) measured the marginal bone loss and survival rate as well,
on 27 patients, at an average of 64.6 months. The baseline mean residual bone height
difference between the two groups was not statistically significant, however the mean
endosinus bone gain was significantly different, being higher in the graft group, but the
marginal bone loss was similar in both groups. All implants had a success rate of 100%
at an average of 64.4 months. The second author (158) conducted a retrospective study
on 40 patients who received TSFE with and without bone graft using short implants of 6
mm and 8 mm, with a follow up of 18 months. The endosinus bone gain was significantly
higher in the graft group at all follow ups (immediate postoperative, 6 months, 12
months and 18 months), partial correlation analysis indicated moderately significant
correlation between endosinus bone gain and intrasinus implant protrusion length,

being the last one higher in the graft group. The survival rate was not reported.

Table 2: reporting weighted averages of EBG and MBL

The weighted average of the endosinus bone The weighted average of the endosinus bone The weighted average of the endosinus bone

gain (Autogenous + Bio-Oss® GRAFT) (mm) gain (Bio-Oss® GRAFT) (mm) gain (NO GRAFT) (mm)
5.66 at 6 months (151,153) 4.28 at 6 months (158) 1.64 at 6 months (151,155,158)
3.56 at 12 months (151,153) 4.48 at 12 months (154,158) 2.36 at 12 months (151-154,158)
3.03 at 60 months (151,153) 6.54 at 60 months (152,157) 4.39 at 60 months (152,153,157)
The weighted average of the marginal boneloss The weighted average of the marginal boneloss The weighted average of the marginal bone loss
(Autogenous + Bio-Oss® GRAFT) (mm) (Bio-Oss® GRAFT) (mm) (NO GRAFT) (mm)
0.44 at 12 months (151,153) 0.4 at 12 months (152,154) 0.96 at 12 months (151,154),
133 at 36 months (151,153) 0.5 at 36 months (152) 1.03 at 36 months (151,152),
1.50 at 60 months (151,153) 0.74 at 60 months (152,157) 1.00 at 60 months (152,153,157).
. . . Use of Graft
Author Year Type of study  Patients Age range Gender Neatstart  Neatend 5 Smokers.
18-35:4 Male: 26 1 8
Sietal. (151) 2013 RCT 45 34-55:20 F le: 15 as 41
256:17 emale: 0 10
Quian et al. 1 8
2020 RCT 45 NR NR as 40
(152) 0 9
Verdugoetal Clinical 20 645505 Males: 10 2 2 1 NR
(157) retrospective Females: 20 0 NR
Nedir et al. Males 3 1 NR
(154) 2013 RCT 12 57.6 +4.7 years Females: 9 12 12 o NR
Nedietal 2617 b tveRCT 12 57.6%47 Males 3 12 12 ! \R
1152) rospective £a7years O . "
Yang et al. Jo1g | Retrospective s 506%1293  Males:21 . w0 1 NR
(158) study years Females: 19 0 NR
1 NR
Trinh etal. 2019 RCT 30 S147years | Malesi10 30 29
(155) Females: 20 0 NR
1 NR
Markovic et al. 2016 RCT 50 567 (i ) Males: 16 50 a5 1 NR
(156) -7 mean) cemales: 29 1 NR
1] NR

Table 3: dempgraphic information about the studies included. NR: not reported
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Table 4: information about materials used. NR: not reported

i Number of i
Use of Graft Implant diameter Implant lenght ! Implant site Make of Number ) .
Author Yes: 1 No:0 sinuses Implant £ implant Biomaterial used
es: o: 41mm 45mm 4.8 mm 5 mm 6 mm 8 mm 10 mm  11.5mm elevated Premolar Molar mplants ot implants
Aut b ixed
. 1 11 B 10 _ 3 8 10 ~ NR 7 14 21 uiogenous bone mixe
Sietal.(151) Straumann® with Bio- Oss
0 8 B 12 _ 2 9 9 _ NR 9 11 20 None
i 1 NR NR NR NR 3 8 10 21 7 14 1 Autogenous bone mixed
Quian et al. - Straumann® with Bio- Oss®
(152)
0 NR NR NR NR 2 8 9 _ 19 9 11 19 None
Verdugo et 1 9 _ 7 _ _ 2 8 6 NR 7 9 Biomet 3i®- 16 Bio-Oss®
al. (157) 0 5 _ 9 _ _ 7 4 3 NR 4 10 Osseotite® 14 None
Nedir et al. 1 NR NR NR NR _ 20 _ _ 10 18 Bio-Oss®
5 32 Straumann®
(154) 0 NR NR NR NR _ 17 B _ 9 17 None
Nedir et al. 1 NR _ NR _ _ 20 _ _ 10 18 Bio-Oss®
5 32 Straumann®
(152) 0 NR B NR _ _ 17 _ _ 9 16 None
Y t al. 1 _ _ _ _ NR 24 Bio-Oss®
angeta 20 31 45 6 NR NR Bicon®
(158) 0 _ _ B _ NR 27 None
Trinh et al. 1 _ _ _ _ _ _ _ 14 NR NR NR Osstem 14 50 mg Acemann® sponge
(155) 0 _ _ B _ _ B _ 15 NR Implant® 15 None
1 _ _ _ _ _ _ NR 45 BoneCeramic®
Markovic et 1 _ _ _ _ _ NR 45 Bio-Oss®
| 180 180 NR NR Straumann®
al. (156) 1 _ _ _ _ _ B NR 45 BoneCeramic® + Bio-Oss®
0 NR 45 None
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Table 5: information about EBG, implant protrusion lenght, follow up and survival rate. NR: not reported

Use of Pre-operative Endosinus bone gain (mm) (£7m) Implant .
. R Follow up Survival
Author Graft Yes: residual bone protrusion
1No: 0 height (mm) Post- lenght total rate
’ X 6m 12m 18 m 24 m 36 m 60 m 120 m
operative
Siet al. 1 467 £1.18 _ 5.66 +0.99 3.56 + 1.82 _ 3.02+0.48 3.17+1.95 _ _ 3.75:143 6120436  952%
(151) 0 458+ 1.47 B 2.06+1.01 2.45+0.98 _ 3.12+£0.70 3.07 +1.68 B _ 3.94+163 Months 95.0%
. 1 4.67 +£1.18 _ _ 3.56 +1.82 _ _ 3.17+195 3.03+1.61 3.07+134 3.75+143 90.7%
Quian et al. 12-36-60-
(152) 120 months
0 4.58 +1.47 _ _ 2.45+0.98 _ _ 3.07+1.68 3.12+1.31 3.14+1.26 3.94+1.63 95.0%
Verdugo et 1 3.8+1.2 B B B _ _ B 85+19 B NR 64.6 100%
al. (157) 0 45+0.8 _ _ _ _ _ _ 6.8+0.5 _ NR months 100%
Nedir et al. 1 22+0.8 _ _ 50+13 _ _ _ _ _ _ 90%
12 months
(154)
0 2609 _ _ 39+1.0 _ _ _ _ _ 50+1.2 100%
. 1 2.2+0.8 _ _ 5013 _ _ 51+1.2 4.8+1.2 _ _ 90.0%
Nedir et al.
(152) 60 months
0 2.6+0.9 B B 39+1.0 _ _ 41+10 3.8%1.0 _ 50+1.2 94.1%
Yang et al. 1 NR 4.63+235 4.28+237 4.09+238 3.96+2.38 _ _ _ _ 1.80+1.37 18 months NR
(158) 0 NR 1.24+1.80 1.36+1.37 1.33+1.22 1.29%1.07 _ _ _ _ 1.26 £ 0.77 NR
Trinh et al. 1 NR 67+03  3.2+03 B _ _ _ B B NR NR
6 months
(155) 0 NR 67+02 16+03 _ _ _ B B B NR NR
1 _ 0.59 cc 0.28 cc _ 0.23 cc _ _ _ NR 100%
Markovic 1 6.59 + 0.45 _ 0.34 cc 0.19 cc _ 0.12 cc _ _ _ NR 100%
24 months
etal. (156) 1 (overall mean) _ 0.34 cc 0.29 cc _ 0.24 cc _ _ _ NR 100%
0 0.43 cc 0.29 cc 0.22 cc NR 100%
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Table 6: information about MBL, complications and patient satisfaction. NR: not reported

Use of Pre-operative Marginal bone loss (mm) (£7m) Pastient's
Author Graft Yes:  residual bone Complications . i
) satisfaction
1No:0  height (mm) 6m 12 m 24m 36m 60 m 120m
Si et al 1 467+1.18 0.21+0.23 0.44+0.16 0.65+0.30 1.33+0.46 _ _ One implant in both groups was lost after NR
ﬁmt. 6-12 m. of functional loading, due to peri-
0 458+147 0.67+0.98 1.28+0.05 1.32+0.45 1.38+0.23 _ _ implantitis NR
One 10 mm imp. failed aftr. 6-12 m.
follow-up. Another 8- mm imp. was lost
1 4.67 +1.18 _ 0.44 +0.16 _ 1.33+0.46 150+096 1.67+1.06 . . NR
Quian et al. after 6 y. loading due to marginal bone
(152) loss
One 8-mm implant failed after the 6-12
0 458 + 1.47 1.28 £ 0.05 1.38+0.23 143+0.76 1.52+1.08 NR
- - month follow-up
Verdugo et 1 3.8+1.2 _ _ _ _ 0.8+0.7 _ . NR
Two implants developed 6 mm pockets
al. (157) 0 45408 _ _ _ _ 0.9+06 _ NR
At 1.8 months, 2 impl. were mobile,
. appeared moved coronally, after removal,
Nedir et al. 1 22+08 B 04+0.7 _ _ _ _ NR
(154) only one was later replaced w/o more
graft
0 2.6+0.9 _ 0.6+0.8 _ _ _ _ None NR
Complete
R 1 22+0.8 04+0.7 05+1.0 0.7+14 None . .
Nedir et al. - - - satisfaction
(152) At 32.4 months one implant failed due to =~ Complete
0 2.6+0.9 B 0.6+0.8 _ 0.6+1.1 06+0.9 _ ) " o
peri-implantitis satisfaction
Yang et al. 1 NR NR NR NR NR NR NR NR NR
(158) 0 NR NR NR NR NR NR NR NR NR
Trinh et al. 1 NR NR NR NR NR NR NR None NR
(155) 0 NR NR NR NR NR NR NR None NR
1 NR NR NR NR NR NR NR
Markovic 1 6.59 £ 0.45 NR NR NR NR NR NR Sinus membrane perforation in 5 patiens NR
etal. (156) 1 (overall mean) NR NR NR NR NR NR that were excluded from the study NR
0 NR NR NR NR NR NR NR
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5. DISCUSSION

The main purpose of this study was to systematically investigate the literature regarding
TSFE with or without bone graft in posterior atrophic maxillae and compare the
outcomes such as survival rate, endosinus bone gain, marginal bone loss, complications
and patient satisfaction. This systematic review included 8 studies: 6 Randomized clinical
trials (RCT) (151-156) and 2 non-randomized studies of intervention (157,158). Data was
gathered about 366 implants, of which 228 were placed with a graft biomaterial and 138
without any bone graft biomaterial. The follow up of the studies ranged from the
immediate postoperative to 120 months. Five articles (151-154) in this systematic
review used the implant success criteria by Buser et al. (159) and Cochran et al. (160),
two articles (155,158) did not report success rate, and another one used the implant

success criteria by Karoussis (161).

The sites that received 228 implants together with bone grafts, had a residual bone
height that ranged from 1.4 mm to 7.04 mm, the diameter of the implants placed ranged
from 4.1 mm to 5 mm and their length from 6 mm to 11.5 mm. The highest success rate
was 100% and the lowest 90%. The most common complications reported were
periimplantitis (151,153), and mobility, which was reported in one article (154) and
failure due to marginal bone loss (153). One implant out of 228 failed due to
periimplantitis at 6-12 months follow up, one due to mobility at 1.8 months, and one
due to marginal bone loss. The weighted average of preoperative residual bone heights
of all studies except two (155,158) was 5.72 mm. The weighted average (based on graft

type) of the endosinus bone gain and marginal bone loss is reported in table 2.

The sites that did not receive any type of bone graft material had ridges of residual bone
heights that ranged from 1.7 mm to 7.04 mm, the diameter of the 138 implants ranged
between 4,1 mm and 5 mm, and their length between 6 mm and 11.5 mm. The success
rate ranged from 94.1% to 100% and the most reported complication was
periimplantitis. The most common complication was periimplantitis (152,153). Two
implants out of 138 were lost due to periimplantitis, one at 6-12 months follow up and

another one at 32.4 months. The weighted average of preoperative residual bone
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heights of all studies except two (155,158) was 5,15 mm. The weighted average (based

on graft type) of the endosinus bone gain and marginal bone loss is reported in table 2.

Notably, the studies showed no significant difference or advantage between the
implants placed with or without bone graft, confirmed by the fact that the survival rate
was similar between the two groups: within a follow up from 24 to 120 months the
survival rate was 96.7% for the grafted group and 97.2% for the group without graft.
However, a difference existed when comparing the endosinus bone gain, resulting
slightly higher in the graft groups in the first 3 years, after 3 years the EBG measures
tended to similar values in both groups. The marginal bone loss resulted in similar values
in both groups. The degree of patient satisfaction could not be assessed, as only one
study reported it (152). In other words, the overall results showed concordance over
changes of the variables analyzed. However, even if some variables in different studies
had higher or lower values when compared to the overall mean, or were registered in
different units of measure, they still did show concordance in proportion. Three implants
failed in the groups with bone graft and two in the groups without bone graft, but the
use or not of the grafting material had no significant influence on the prognosis of the

implants. The hypothesis of the study was validated.

The weighted average of EBG and MBL of autogenous + Bio-Oss® shows an important
difference if compared to the Bio-Oss® alone, probably because a smaller sample was
analyzed, as only one study (151,153) used the mix and the pool of patients that received
Bio-Oss® was almost double the amount. Moreover, the Bio-Oss® group values were
obtained from a mean between 3 studies (152,157,158). Interestingly the weighted
average of the endosinus bone gain at 60 months for the group augmented with Bio-
Oss® resulted in higher values when compared at 6 and 12 months, this can be explained
because one study reported a mean of EBG at 60 months and used longer implants in

comparison to the other studies.

Risk of bias in the studies: One of the main limitations for the studies was a smaller
sample of patients and implants analyzed, Nedir et al. (152,154), Si et al., Quian et al.
(153) and Verdugo et al. (157) had smaller samples of patients and implants analyzed,
this could have slightly altered the outcomes analyzed at some point of the studies.

Additionally in the studies conducted by Nedir et al. (152,154) the surgeon was the same
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person who registered the results. Surprisingly all the studies reported that the
allocation sequence was concealed until participants were enrolled and assigned to
interventions, yet three studies did not report whether if the patients were aware or not
of the intervention received (152,154,156). An interesting possible cause of bias was
found in the study conducted by Verdugo et al. (157) since the number of short implants
placed in the graftless group was slightly higher than that of the graft group, possibly
altering the outcome of the study. Also, the same author did not mention the grade of
knowledge of the intervention received by the person who measured the outcomes

(157).

This review reported that a significant factor which influences new bone formation
inside the sinus, and therefore enhances EBG, is the extension in which the implants
protrude inside the sinus. This factor alone, if an adequate primary stability is achieved,
can enhance the formation of new bone, possibly because of the tenting effect. This
effect is the result of the elevation of the Schneiderian membrane, which is sustained
by the apex of the implant protruding inside the sinus, the more the implant protrudes,
the more its apex can act as a stable scaffold that elevates the membrane. Dragonas et
al. (162) conducted a systematic review to analyze the potential of osteogenicity of the
sinus membrane and concluded that the membrane contains pluripotent mesenchymal
cells capable of differentiation and apport new bone formation, such findings reinforce
the theory of periosteal-guided bone regeneration, which should not be underestimated
or overlooked if there is the need to perform a successful and minimally invasive TSFE,
since the tent formed by the membrane is stable and capable of maintaining space for
the basic osteointegration process: inflammation of the wound, generation of an
oxidized layer on the implant, proliferation and differentiation of the pluripotent stem
cells, which are apported by the membrane, and finally osteogenesis and maturation.
Moreover, a relevant finding that confirmed a strong correlation between the tenting
effect and EBG was published by Song et al. (163) who placed 49 implants without bone
graft in atrophic maxillae and studied the tenting effect obtained by lifting the
membrane and placing an implant to sustain it. New bone formation was a constant
finding at all sites after 6 months, and the amount of bone formation increased

proportionally to the length of the implants in the sinus.
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This review showed that not only the new bone formation occurred in both groups in
the short term, but also that after approximately three years the patients that received
bone grafts reported a similar EBG compared to the patients that did not receive any
graft, without any change regarding implant success. This is in line with the findings in
the literature, as Kim et al. (164) investigated the resorption of different bone grafts in
the maxillary sinus 3 years after implant placement and found no difference in shrinkage
due to resorption between graft or technique used, meaning that graft materials
undergo inevitable shrinkage, eventually stabilize and reach similar dimensions as

graftless placed implants.

Another outcome of interest for this review was the marginal bone loss, which was
found to be similar in both groups after a three-year period at every follow up. Mainly
the most MBL found in patients was associated to periodontitis and not to the grafting
technique which was used. In concordance with these results, Fermergard et al. (165)
conducted a three-year retrospective study on 53 implants placed using TSFE without
bone graft in 36 patients and found that the marginal bone loss had not changed
significantly after three years, this is concordant to the outcome of this review,
moreover they also found predictable results in terms of clinical success, comparable to

grafted implants.

No complications were related to the insertion or not of bone graft in the sinus.
Furthermore, the survival rate was not influenced by the grafting technique used.
Logically the complications most frequently related to a lower success rate of implants
were periodontitis, as some patients in the studies were ex-periodontal patients and
mobility due to the lack of primary stability, since the review pooled a significant number
of extremely atrophic sites, but no relevant complication appeared because of the
grafting technique. However, Lai et al. (166) encountered a higher rate for perforation
of the membrane in patients who received TSFE with bone graft rather than the graftless
group, probably because of the additional pressure that the graft material exerted on
the membrane. A similar systematic review to this one was conducted by Silva et al.
(167), a meta-analysis was also performed, 667 implants installed in the maxillary
sinuses with biomaterial and 201 with only the clot were analyzed. The authors only

studied the survival rate and complications but did not encounter statistically significant
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difference for these variables between the two groups, reinforcing the validity of the
findings of this review about the lack of connection between complications and lower

survival rates associated with the interposition or not of bone graft in TSFE.

The strengths of this review can be found importantly in the materials and methods
used, since three reviewers independently and blindly selected the articles from an
initial pool of 1184 records and solved any disagreement through discussion, the inter
examiner agreement using the kappa coefficient resulted in an almost perfect
agreement. To complete the research a cross-searching of cited references in the studies
that were eligible after the full-text screening was carried out. Also, a manual search was
done in seven international journals. Another strength of this review is that any of the
methodologies adopted had the goal of rendering this review transparent, in the sense
that the study can be reproduced by following the same steps mentioned in the
materials and methods. In fact, every step of the screening process can be
demonstrated, for practical reasons the screening by title and abstract can not be
included in the appendix, however it can be exhibited by the author if requested. No
filter except the time range was applied in the databases when searching for records, in
this way a greater pool of articles was obtained. The data extracted is reported
accurately in the results by tables and adequate summaries of the studies. Validated
quality assessments for risk of bias were used to determine the quality of each of the

studies.

This review had several limitations, to begin with, three databases were used for the
electronic research, and only articles written in english, italian and spanish language
were considered reducing the number of potential records found in the search. Also, a
smaller number of implants than expected was analyzed, the graftless sample had less
implants than the grafted sample. More limitations raised because articles such as the
ones published by Nedir et al. (2013) (154) and Nedir et al. (2017) (152) were analyzing
the same sample of patients which received TSFE with or without bone graft. However,
they both had to be included in this review as they complemented each other with
information, the same was found for the articles of the authors Si et al. (151) and Quian
et al. (153), again, both articles were included as they reported data on the same sample

of patients but at different follow up times, and the information of one article
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complemented the other. This led to a situation where a smaller sample than expected
was found in relation to the overall number of articles. When analyzing the results, the
two studies of Nedir et al. (2013) (154) and Nedir et al. (2017) (152) and the two studies
of Si et al. (151) and Quian et al. (153) were considered as one complete study without
counting the double amount of data. Another limitation was that not all the studies
included used the same unit of measure to record their data, one study (156) measured
EBG in cubic centimeters instead of millimeters, therefore it could not be compared
directly with the rest of the studies. There were also differences between the materials
used in the studies, thus only the articles which operated under the same conditions
could be compared at same follow up times. This led to more small samples to analyze
which sometimes could cause numerical deviations, like it was noted when measuring
the weighted average of EBG and MBL at 60 months, in this case a raise in values can be
noted since one study (157) used longer implants and generated more intrasinus
implant protrusion which resulted in higher values in terms of EBG and MBL. Some
studies (151-154,157) had a major limitation, which was the use of 2-dimensional
radiographs to assess the EBG, however the rest of the studies (155,156,158) used 3-
dimensional imaging CBCT to evaluate the outcomes and had similar results. Verdugo et
al. (157) provided their data outcome at only one follow up of 64.6 months, which was
a mean of all the follow ups, this was not in line with all the other articles which instead

reported data at different follow ups.

Nevertheless, this review had interesting outcomes that should be considered when
operating clinically, oral and maxillofacial surgeons should be aware that graft material
is not needed to increase the clinical success of implants placed using TSFE technique, if
an adequate primary stability is achieved. The real need of the insertion of graft material
along with TSFE should be questioned since avoiding it could be indifferent, if not
beneficial for the surgeon and the patient, in terms of economic cost of graft material
and healing time, since autogenous grafts are obtained from another part of the
patient’s body and therefore it could cause harm to the donor site. The findings reported
in this review underline the importance of future investigation on this topic, since it can
result in benefits for oral surgeons and patients receiving the treatment. Conducting a

meta-analysis of this review can be an interesting example of future investigation, since
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much data of the studies is already reported in the results in the schematic form of
spreadsheets. A meta-analysis will give a more precise understanding on the degree of
statistical significance of the results, also more findings related to the influence of
different factors like smoking, gender, biomaterial, length and diameter of the implants
used and make of implants can be analyzed statistically. It would be important for future
investigators to be able to study a larger sample of implants placed with TSFE with or
without bone graft since this study had the limitation of a relatively small sample. Also,
future investigators should consider if the degree of patient satisfaction changes or not
when the bone graft is avoided, since not enough evidence was found in order to

determine this outcome.
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6. CONCLUSIONS

It can be concluded that in the first year after placement, the grafted implants reported
moderately higher values of endosinus bone gain compared to the non-grafted
implants. In the first year after location of the implants the marginal bone loss was found
to be slightly higher in non-grafted implants. After a period of three years, both values
of endosinus bone gain and marginal bone loss resulted similar, regardless of the
grafting technique. No complications were associated to the grafting technique and no
significant differences in terms of implant survival rate were found between the
implants placed with or without bone graft. The degree of patient satisfaction after a
transcrestal sinus elevation with or without bone graft could not be evaluated because

no sufficient data was found.
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APPENDIX
Appendix 1
?(e);'ﬂ:on e :;em Checklist item n’:;r?s
reported
TITLE
Title ‘ 1 ‘ Identify the report as a systematic review. 1
ABSTRACT
Abstract | 2| See the PRISMA 2020 for Abstracts checklist. 1
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing 11
knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the 13
review addresses.
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Location

Section and _ where
Topic Checklist item item is
reported
METHODS
Eligibility 5 | Specify the inclusion and exclusion criteria for the review and how 14
criteria studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference 15
sources lists and other sources searched or consulted to identify studies.
Specify the date when each source was last searched or
consulted.
Search 7 | Present the full search strategies for all databases, registers and 16
strategy websites, including any filters and limits used.
Selection 8 | Specify the methods used to decide whether a study met the 17
process inclusion criteria of the review, including how many reviewers
screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation tools
used in the process.
Data 9 | Specify the methods used to collect data from reports, including 17
collection how many reviewers collected data from each report, whether they
process worked independently, any processes for obtaining or confirming
data from study investigators, and if applicable, details of
automation tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify 18
whether all results that were compatible with each outcome domain
in each study were sought (e.g. for all measures, time points,
analyses), and if not, the methods used to decide which results to
collect.
10b | List and define all other variables for which data were sought (e.g. 18
participant and intervention characteristics, funding sources).
Describe any assumptions made about any missing or unclear
information.
Study risk of 11 | Specify the methods used to assess risk of bias in the included 18
bias studies, including details of the tool(s) used, how many reviewers
assessment assessed each study and whether they worked independently, and
if applicable, details of automation tools used in the process.
Effect 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, -
measures mean difference) used in the synthesis or presentation of results.
Synthesis 13a | Describe the processes used to decide which studies were eligible -
methods for each synthesis (e.g. tabulating the study intervention
characteristics and comparing against the planned groups for each
synthesis (item #5)).
13b | Describe any methods required to prepare the data for -
presentation or synthesis, such as handling of missing summary
statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results -
of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a -
rationale for the choice(s). If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of -
heterogeneity among study results (e.g. subgroup analysis, meta-
regression).
13f | Describe any sensitivity analyses conducted to assess robustness -
of the synthesized results.
Reporting 14 | Describe any methods used to assess risk of bias due to missing -
bias results in a synthesis (arising from reporting biases).
assessment
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Checklist item
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item is

reported

Certainty 15 | Describe any methods used to assess certainty (or confidence) in -
assessment the body of evidence for an outcome.
RESULTS
Study 16a | Describe the results of the search and selection process, from the 19
selection number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but 21
which were excluded, and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics. 24
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 25
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics 27-32
individual for each group (where appropriate) and (b) an effect estimate and
studies its precision (e.g. confidence/credible interval), ideally using
structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk -
syntheses of bias among contributing studies.
20b | Present results of all statistical syntheses conducted. If meta- -
analysis was done, present for each the summary estimate and its
precision (e.g. confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c | Present results of all investigations of possible causes of -
heterogeneity among study results.
20d | Present results of all sensitivity analyses conducted to assess the -
robustness of the synthesized results.
Reporting 21 | Present assessments of risk of bias due to missing results (arising -
biases from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of -
evidence evidence for each outcome assessed.
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of 33
other evidence.
23b | Discuss any limitations of the evidence included in the review. 38
23c | Discuss any limitations of the review processes used. 37
23d | Discuss implications of the results for practice, policy, and future 38
research.
OTHER INFORMATION
Registration 24a | Provide registration information for the review, including register -
and protocol name and registration number, or state that the review was not
registered.
24b | Indicate where the review protocol can be accessed, or state that a -
protocol was not prepared.
24c | Describe and explain any amendments to information provided at -
registration or in the protocol.
Support 25 | Describe sources of financial or non-financial support for the -
review, and the role of the funders or sponsors in the review.
Competing 26 | Declare any competing interests of review authors. -
interests
Availability of 27 | Report which of the following are publicly available and where they -
data, code can be found: template data collection forms; data extracted from
and other included studies; data used for all analyses; analytic code; any
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Objectives: The aim of this study was to determine the differences in endosinus bone gain in height,
marginal bone loss, complications, the survival rate and patient satisfaction of the implants placed
using transcrestal sinus floor elevation with and without bone graft, with a minimum follow up of 6
months after surgery. Materials and methods: An electronic and manual search were conducted to
retrieve clinical studies on indirect sinus floor elevation with or without graft. The electronic search
was performed on three online databases: PubMed/MEDLINE, Scopus, and Web of Science from
January 2012 to January 2022, relevant studies were selected according to the inclusion criteria.
Results: 8 articles were selected and a total of 366 implants were studied, of which 228 were placed
with a graft biomaterial and 138 without any bone graft biomaterial. Within a follow up from 24 to
120 months the survival rate was 96.7% for the grafted group and 97.2% for the group without graft.
There was no significant difference in endosinus bone gain, marginal bone loss after a period of three
years between the grafted and non-grafted implants. The complications found were not related to the
insertion or not of a grafting material. Conclusions: Sinus augmentation via indirect access is a safe
and predictable technique and its prognostic does not change when bone graft material is not used.
Keywords: transcrestal sinus elevation; indirect sinus floor augmentation; sinus lift with bone graft;
graft-less sinus lift; osteotome technique; maxillary sinus; bone regeneration.

INTRODUCTION

Replacing one or more missing teeth with dental implants is a good treatment option with a high
success rate (1-3). However, the region of the posterior maxilla is often limited for standard implant
placement since the alveolar bone height is substantially reduced because of the presence and
pneumatization of the maxillary sinus, and this can lead to a situation where dental implants can not
be placed (1,2). The maxillary sinuses (MS) are the largest of the paranasal sinuses, having an average
volume of 12,5mL (4). Its walls are lined by the Schneiderian membrane, which is a thin bilateral
mucoperiosteal membrane: the side facing the lumen of the sinus is comprised of pseudostratified
columnar epithelium whereas the bone side is comprised of an osteogenic periosteal layer (5) which
contains stem cells, and it is thought to be important in the healing of bone grafts. Commonly, with
ageing the sinus can expand and result in less bone in the posterior maxilla, this process is known as
sinus pneumatization (6,7). Furthermore, posterior maxillary teeth extraction or absence can cause
alveolar ridge remodeling, which can result in a downward expansion of the maxillary sinus. From a

clinical point of view, maxillary sinus pneumatization and ridge resorption in the coronal area of the
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extraction socket can reduce the available bone height for future implant insertion (8,9), and therefore
a sinus lift surgery is needed. The maxillary sinus lift surgery was first described and published in
1980 by Boyne and James (10), it consisted in opening a lateral window on the maxillary bone to
access directly the sinus and lift the membrane. In 1994 Summers (11) proposed a more conservative
approach: the transcrestal sinus floor elevation (TSFE). The technique consisted in using a set of
tapered osteotomes of increasing diameter to elevate the floor of the sinus, this is commonly referred
to as the “osteotome technique” or “Summers technique”. This approach can be considered less
traumatic and more conservative than the lateral window access but can be used only if the patient
has adequate bone height. However, due to the exceptionally good healing capacity of the chamber
created below the Schneiderian membrane when an implant is placed inside the sinus (12—14), the
need for addition of a graft material is questionable. This raises the need to clarify the differences in
endosinus bone gain, marginal bone loss, complications, survival rate and even the patient perspective
of the implants placed using transcrestal sinus floor elevation with and without bone graft.
MATERIALS AND METHODS

This systematic review was conducted in complete accordance with the guidelines of the Preferred
Reporting of Systematic Reviews and Meta-analyses (PRISMA) statement (15). The protocol of this
review was registered in the International Prospective Register for Systematic Reviews
(PROSPERO). Clinical questions were separated and organized using the P.I.C.O. strategy.
Is the indirect sinus lift technique, without the use of bone graft material, a valid technique to treat
with implants atrophic posterior maxillae when compared with transcrestal technique with bone graft
in the same category of patients?

The inclusion criteria were: articles in English, Spanish and Italian, clinical trials, studies that

analyzed the amount of bone formation after indirect maxillary sinus lift with and without the use of
bone graft material reporting detailed information with a minimum follow-up of 6 months

The exclusion criteria were: systematic reviews, meta-analysis, literature reviews, and letters to the

editor, case reports, case series with less than 10 cases, animal studies, studies involving volunteers
with decompensated metabolic diseases or involving participants aged < 18 years old

Search strategy and sources of  data: Relevant studies were identified
through three online databases: PubMed/ MEDLINE, Scopus, and Web of Science. The last search

was conducted in January of 2022 in the three databases mentioned. The following search strategy
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was used: ("Sinus Floor Augmentation" [Mesh] OR "sinus lift" OR "sinus augmentation" OR "sinus
elevation" OR "osteotome technique" OR "sinus graft" OR "sinus floor elevation" OR “sinus floor
lift”) AND ("indirect" OR "transcrestal" OR "transalveolar" OR “osteotome” OR “bone graft*” OR
“graft*” OR “bone augmentation” OR “graft-free” OR “non-graft*””) AND (“dental implants”).

Screening for article selection: Titles and abstracts of all the references obtained through the last

search on the electronic databases were examined independently and blindly by two reviewers (M.N.
and A.B.) who selected for the analysis of the full text the studies that complied with the inclusion
criteria or the ones with insufficient data to make a decisive exclusion. The disagreement regarding
inclusion or exclusion was solved through a third reviewer (A. M. P.). After the initial selection, the
reviewers read independently and blindly the full text of the selected articles. To complement the
databases search, cross-searching of cited references in the studies that were eligible after the full-
text screening was performed. A manual search was also carried out in the following international
journals: Implant dentistry, International Journal of Implant Dentistry, Journal of Clinical
Experimental Dentistry, Journal of Periodontology, Journal of Oral Implantology, Periodontology
2000, and Clinical Oral Implants Research from January 2012 till January 2022.

Risk of bias assessment: The risk of bias was analyzed by the author (M.N.) for each of the articles

selected. The Cochrane Risk of Bias Tool for randomized controlled trials (16) and ROBINS-I risk
of bias tool to assess non-randomized studies of interventions (17) were used. The risk was
classified as low, unclear, or high.

Data extraction: The data extraction of the selected references was performed by the author. The
following datas were identified and extracted: First author, year, type of study, number of patients,
age, gender, number at start, number at end, use of bone graft, implant diameter, implant length,
number of sinuses elevated, implant site, make of implant, implant number, biomaterial used,
preoperative residual bone height, endosinus bone gain, implant protrusion length, follow up,
survival rate, marginal bone loss, complications, patient satisfaction, number of patients who
smoke.

RESULTS

The search yielded a total of 2292 records, of which 704 were from PubMed, 546 from Scopus, and

1042 from Web of Science. The duplicates were removed, and a total of 1184 records were screened
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by title and abstract. After the screening process, 95 registers were selected for full-text retrieval and
assessment according to eligibility criteria. A total of 6 articles met our inclusion criteria.

The cross-searching of cited references in the studies that were eligible revealed one potential record
which was then included in the screening process and later included in this review. The manual search
which was carried out in the international journals mentioned previously yielded one record that met
our inclusion criteria, and it was included in this review. A total of 8 articles were included in this
systematic review. Cohen’s kappa coefficient to measure inter-examiner agreement was calculated
(K= 0.91) for the analysis of the full text. Image 1 represents this process using the PRISMA flow
diagram (15). Of the eight studies included studies, 6 were Randomized clinical trials (RCT) (18-23)
and 2 were non-randomized studies of intervention (24,25). In three studies (18,20,23) some patients
suffered perforation of the Schneiderian membrane, and they were excluded from the studies. The
studies investigated the endosinus bone gain (EBG) (18-25), the marginal bone loss (MBL) (18—
21,24), survival rate (18-21,23,24), complications (18-24) and patient satisfaction (19) for TSFE
with and without bone graft. Data was gathered about 366 implants, of which 228 were placed with
a graft biomaterial and 138 without any bone graft biomaterial. The follow up of the studies ranged
from the immediate postoperative to 120 months. Five articles (18-21) in this systematic review used
the implant success criteria by Buser et al. (26) and Cochran et al. (27), two articles (22,25) did not
report success rate, and another one used the implant success criteria by Karoussis (28).

The sites that received 228 implants together with bone grafts, had a residual bone height that ranged
from 1.4 mm to 7.04 mm, the diameter of the implants placed ranged from 4.1 mm to 5 mm and their
length from 6 mm to 11.5 mm. The highest success rate was 100% and the lowest 90%, with an
average of 96.7%. The most common complications reported were periimplantitis (18,20), and
mobility, which was reported in one article (21) and failure due to marginal bone loss (20). One
implant out of 228 failed due to periimplantitis at 6-12 months follow up, one due to mobility at 1.8
months, and one due to marginal bone loss. The weighted average of preoperative residual bone
heights of all studies except two, which did not report it, (22,25) was 5.72 mm.

The sites that did not receive any type of bone graft material had ridges of residual bone heights that
ranged from 1.7 mm to 7.04 mm, the diameter of the 138 implants ranged between 4,1 mm and 5
mm, and their length between 6 mm and 11.5 mm. The success rate ranged from 94.1% to 100%,

with an average of and the most reported complication was periimplantitis. The most common
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complication was periimplantitis (19,20). Two implants out of 138 were lost due to periimplantitis,
one at 6-12 months follow up and another one at 32.4 months. The weighted average of preoperative
residual bone heights of all studies except two, which did not report it, (22,25) was 5,15 mm.

Within a follow up from 24 to 120 months the average survival rate was 96.7% for the grafted group
and 97.2% for the group without graft.

Results of risk of bias assessment: RCT’s: Three (18,20) out of the six RCTs were considered as low
overall risk of bias. The randomization process was well defined in all the studies, but in some
(19,21,23), the bias due to deviations from intended interventions raised some concerns as it was not
mentioned weather if the patients were aware of the treatment option that they received, and for two
studies (19,21) the person delivering the intervention was the same that analyzed the outcomes.
Measurement of the outcome and selection of the reported result were low for all the studies (Image
2). Non-Randomized studies: Both studies (24,25) raised some concerns for bias in measurement of
outcomes, as one (24) did not mention the grade of knowledge about the intervention received by the
patients, and the other one (25) did not mention weather if the assessors were aware or not of the
intervention received by participants. Additionally, one (24) raised some concerns for bias due to
confounding, because the graftless group received more short implants than the other group (Image
3).

DISCUSSION

Notably, the studies showed no significant difference or advantage between the implants placed with
or without bone graft, confirmed by the fact that the survival rate was similar between the two groups:
within a follow up from 24 to 120 months the survival rate was 96.7% for the grafted group and
97.2% for the group without graft. However, a difference existed when comparing the EBG, resulting
slightly higher in the graft groups in the first 3 years, after 3 years the EBG measures tended to similar
values in both groups. MBL resulted in similar values in both groups. The degree of patient
satisfaction could not be assessed, as only one study reported it (19). In other words, the overall results
showed concordance over changes of the variables analyzed. However, even if some variables in
different studies had higher or lower values when compared to the overall mean, or were registered
in different units of measure, they still did show concordance in proportion. Three implants failed in
the groups with bone graft and two in the groups without bone graft, but the use or not of the grafting

material had no significant influence on the prognosis of the implants. The weighted average of EBG
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and MBL of autogenous + Bio-Oss® shows an important difference if compared to the Bio-Oss®
alone, probably because a smaller sample was analyzed, as only one study (18,20) used the mix, and
the pool of patients that received Bio-Oss® was almost double the size. Moreover, the Bio-Oss®
group values were obtained from a mean between 3 studies (19,24,25). Interestingly the weighted
average of the EBG at 60 months for the group augmented with Bio-Oss® resulted in higher values
when compared at 6 and 12 months, this can be explained because one study reported a mean of EBG
at 60 months and used longer implants in comparison to the other studies.

This review reported that a significant factor which influences new bone formation inside the sinus,
and therefore enhances EBG, is the extension in which the implants protrude inside the sinus. This
factor alone, if an adequate primary stability is achieved, can enhance the formation of new bone,
possibly because of the tenting effect. This effect is the result of the elevation of the Schneiderian
membrane, which is sustained by the apex of the implant protruding inside the sinus, the more the
implant protrudes, the more its apex elevates the membrane. Dragonas (2020) (29) conducted a
systematic review to analyze the potential of osteogenicity of the sinus membrane and concluded that
the membrane contains pluripotent mesenchymal cells capable of differentiation and apport new bone
formation, such findings reinforce the theory of periosteal-guided bone regeneration, which should
not be underestimated or overlooked if there is the need to perform a successful and minimally
invasive TSFE, since the tent formed by the membrane is stable and capable of maintaining space for
the basic osteointegration process. Moreover, a relevant finding that confirmed a strong correlation
between the tenting effect and EBG was published by Song (2020) (30) who placed 49 implants
without bone graft in atrophic maxillae and studied the tenting effect obtained by lifting the membrane
and placing an implant to sustain it. New bone formation was a constant finding at all sites after 6
months, and the amount of bone formation increased proportionally to the length of the implants in
the sinus. This review showed that not only the new bone formation occurred in both groups in the
short term, but also that after approximately three years the patients that received bone grafts reported
a similar EBG compared to the patients that did not receive any graft, without any change regarding
implant success. This is in line with the findings in the literature, as Kim (2014) (31) investigated the
resorption of different bone grafts in the maxillary sinus 3 years after implant placement and found
no difference in shrinkage due to resorption between graft or technique used, meaning that graft

materials undergo inevitable shrinkage, eventually stabilize and reaches similar dimensions as
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graftless placed implants. Another outcome of interest for this review was the marginal bone loss,
which was found to be similar in both groups after a three-year period at every follow up. Mainly the
most MBL found in patients was associated to periodontitis and not to the grafting technique which
was used. In concordance with these results, Fermergard (2012) (32) conducted a three-year
retrospective study on 53 implants placed using TSFE without bone graft in 36 patients and found
that the marginal bone loss had not changed significantly after three years, this is concordant to the
outcome of this review, moreover they also found predictable results in terms of clinical success,
comparable to grafted implants. No complications were related to the insertion or not of bone graft
in the sinus. Furthermore, the survival rate was not influenced by the grafting technique used. The
most frequently related complications were periodontitis, as some patients in the studies were ex-
periodontal patients, and mobility due to the lack of primary stability, since the review pooled a
significant number of extremely atrophic sites, but no relevant complication appeared because of the
grafting technique. A similar systematic review to this one was conducted by Silva (2016) (33), a
meta-analysis was also performed, 667 implants installed in the maxillary sinuses with biomaterial
and 201 with only the clot were analyzed. The authors only studied the survival rate and complications
but did not encounter statistically significant difference for these variables between the two groups,
reinforcing the validity of the findings of this review about the lack of connection between
complications and lower survival rates associated with the interposition or not of bone graft in TSFE.
The limitations of this review were that three databases were used for the electronic research, and
only articles written in english, italian and spanish language. Also, a smaller number of implants than
expected was analyzed, the graftless sample had less implants than the garfted sample. More
limitations raised because articles such as the ones published by Nedir et al. (2013) (21) and Nedir
et al. (2017) (19), or the articles by Si et al. (18) and Quian et al., were analyzing the same sample of
patients which received TSFE with or without bone graft. However, they both had to be included in
this review as they reported data at different follow up times, and the information of one article
complemented the other. When analyzing the results, they were considered as one complete study
without counting the double amount of data. Another limitation was that not all the studies included
used the same unit of measure to record their data, one study (23) measured EBG in cubic centimeters
instead of millimeters, therefore it could not be directly compared with the rest of the studies.

Nevertheless, this review had interesting outcomes that should be considered when operating

66



Sinus elevation with or without graft

clinically, oral and maxillofacial surgeons should be aware that graft material could not be needed to
increase the clinical success of implants placed using TSFE technique, if an adequate primary stability
is achieved. The real need of the insertion of graft material along with TSFE should be questioned. It
would be important for future investigators to be able to study a larger sample of implants placed
with TSFE with or without bone graft since this study had the limitation of a relatively small sample.
Also, future investigators should consider if the degree of patient satisfaction changes or not when
the bone graft is avoided, since not enough evidence was found in order to determine this outcome.
It can be concluded that in the first year after placement, the grafted implants reported moderately
higher values of endosinus bone gain compared to the non-grafted implants. In the first year after
location of the implants the marginal bone loss was found to be slightly higher in non-grafted
implants. After a period of three years, both values of endosinus bone gain and marginal bone loss
resulted similar, regardless of the grafting technique. No complications were associated to the grafting
technique and no significant differences in terms of implant survival rate were found between the
implants placed with or without bone graft.
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Tables of the article

Table 1: information about materials used. NR: not reported

Table 2: information about EBG, implant protrusion length, follow up and survival rate. NR: not reported
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tion. NR: not reported

and patient

about MBL,

Table 3:

Table 4: reporting weighted averages of EBG and MBL

Useof  Pre-operative
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