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			Abstract

			Introduction: Different anatomical parameters may influence the success of lateral sinus floor elevation (LSFE), vascularization of the grafted sinus being a key factor for successful bone remodeling. Since the blood supply from the sinus floor and lateral wall may be compromised other sources such as the medial wall are of utmost importance.

			Objective: This retrospective cohort study analyzed radiographically the influences of the surgical technique and sinus anatomy on the amount of medial wall exposure during LSFE.

			Materials and methods: CBCT scans from 51 LSFE procedures were included. Measurements of the sinus mediolateral width augmented mediolateral width, augmented apico-coronal height from the top of the alveolar bone crest and from the sinus floor, the angle between the medial and the most lateral and medial drops of the filled bone substitute.

			Results: The mean sinus maximal width was 18.18±2.81 mm, and the mean augmentation filling height was 13.89±2.23 mm. The mean medial and lateral filling drops were 4.51±2.11 mm and 2.06±1.35 mm, respectively, representing 42% and 19.2% of the maximum filling height. The average sinus angle was 51.99±13.38°. A significant positive correlation was found between the medial drop and the sinus width (P<0.05).

			Conclusion: After intended exposure of the medial wall during LSFE procedure, a significant medial and lateral drop in the level of the grafted bone substitute may be expected, thus reducing blood supply to the grafted material; This finding is more accentuated in wide sinuses. Therefore, selective compression of the graft material against the medial wall is advised during this procedure.
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			Introduction

			Edentulous posterior maxillary ridges tend to present with alveolar bone disuse atrophy as well as sinus pneumatization; the second is characterized by osteoclastic activity below the sinus membrane [1-2]. To enable implant placement and restoration 
of the posterior maxilla, lateral sinus floor elevation (LSFE) with bone augmentation is commonly used. The surgical approach is derived from anatomical factors, especially the sinus width and 

the residual alveolar ridge volume. Systematic reviews have claimed implant survival rates greater than 90% following LSFE [3-5]. Lateral maxillary sinus wall antrostomy was first described by Tatum [6] and later modified by Boyne and James [7]. This procedure is challenging, requiring careful presurgical planning. Cones beam computed tomography (CBCT) is recommended as part of the presurgical evaluation [8-9]. The maxillary sinus is commonly described as a pyramidal cavity. Its anatomical borders are the maxillary tuberosity as a posterior wall and the zygomatic process of the maxilla in its apex. The nasal wall, which forms a bony septum separating the sinus from the nasal cavity, creates the medial wall of the sinus. The sinus floor is formed by the alveolar process of the maxilla. The roof of the maxillary sinus is bordered by the floor of the orbit [10-11].

			Different anatomical parameters have been claimed to influence the success or complications associated with LSFE [12-15]. These include the presence of tooth-root projections, the presence of underwood septae, [16] sinus floor convolution, and a thin or perforated Schneiderian membrane. Sharp angles between the lateral and medial walls increase the risk of membrane perforations [15]. Vascularization of the grafted filler is considered a key factor for successful bone growth, remodeling, and stability [17,18]. The blood supply of the grafted material is mainly provided by the posterior lateral nasal artery on the medial wall and the posterior superior alveolar artery and infraorbital artery on the lateral wall. In the lateral window approach, the blood supply from the lateral wall may be jeopardized, thus increasing the importance of a blood supply from the medial wall [19]. Moreover, it is important to emphasize the importance of exposing the medial wall to the grafted material by denuding it from the Schneiderian membrane. Previous studies have shown a greater reduction in the grafted vertical bone height in wide mediolateral sinuses during the healing period following LSFE [20]. To the best of our knowledge, the efficacy of surgically exposing the medial wall of the sinus to the sub-Schneiderian space and maintaining it during the healing stage of LSFE has not previously been studied. The aim of this retrospective cohort study was to radiographically analyze the possible influence of sinus anatomy on the amount of medial wall exposure to the graft material.

			Materials and Methods

			Fifty-one CT scans from 44 patients who were operated for sinus floor augmentation using the lateral approach were available. These were taken on the same CT set-up, 8 months postoperatively and before implant placement.

			Inclusion and Exclusion Criteria

			Inclusion criteria

			
					Need for a dental implant in the posterior maxilla and less than 5 mm of vertical pristine bone, requiring a lateral approach.

					No pathological findings or a thickened Schneiderian membrane.

					CBCT 8 months post LSFE

					Minimum age of 18 yearsExclusion criteria


			

			
					Smokers

					Recent (previous six months) radiotherapy of the head and neck region or recent treatment with bisphosphonates

					Residual dentition with active periodontal disease

					Poor oral hygiene or lack of compliance

					Uncontrolled diabetes

					Presence of a perforation of the Schneiderian membrane during, immediately or 8 months post-augmentation (seen on a CT scan).Surgical Procedure and Materials
Patients were treated by two experienced periodontists (H.T, G.S) from the department of Periodontology and Oral Implants of the Tel Aviv University. Surgical procedures were performed under local anesthesia. Mid crestal and vertical buccal releasing incisions were preformed, and the lateral sinus wall was exposed by elevating a full thickness flap [21]. An antrostomy of the lateral sinus wall was made using a rotary instrument, and the bony window was removed using delicate curettes exposing the Schneiderian membrane. The membrane was separated from the sinus floor and peripheral to the window and was reflected from the lateral window and floor upwards and towards the medial wall of the sinus. A special effort was made to expose the medial bony wall to the same level of the buccal one, i.e., to the upper border of the window using a gauze soaked with lidocaine and epinephrine for better visualization. All sinuses were filled with xenograft bone substitute (DBX) (Bio-Oss®, Geistlich Biomaterials, Wolhuse, Switzerland) using a disposable syringe.
An effort was made to ensure complete filling of the medial compartment of the sinus and then advancing peripherally and buccally. Graft material was gently compressed directly against the denuded surface of the medial bone. Periosteal elevator was used to support and tent the roof made by the Schnedirein membrane to avoid collapsing over the filled material. Finally, the window was covered with a resorbable collagen membrane Bio-Gide® (Geistlich Biomaterials, Baden-Baden, Germany) and the flap was approximated using resorbable sutures (Vicryl 4/0). Postoperative care included antibiotic administration (Augmentin 875mg/bid, GlaxoSmithKline, London, UK) for 1 week. Patients received analgesics and 0.2% chlorhexidine mouthwash for 1min, twice a day for 2 weeks. After 10-14 days, sutures were removed. Patients were examined after 1 and 2 weeks, and then every 1-2 months.
CBCT panoramic view and cross-sectional cuts were used for measurements using AB Dentpax Viewer software. From each CBCT, a single cross section cut presenting the maximum bone fill height was selected, according to panoramic view (Figure 1); this section and the two neighboring ones were used for the measurements. The extent of medial wall exposure was evaluated by measuring the drop of the filling material as related to the maximal bone fill level and was defined as medial drop. The same measurement was taken to the bone filling height in the lateral wall and was defined as lateral drop.
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Parameters evaluated were: Maximum sinus width, maximum augmentation width, bone height from the alveolar bone crest to the top of the augmented material and, augmentation fill height from the sinus floor to the same top level. Augmentation fill height was also measured at the maximum augmentation width section, the Bucco- palatal sinus wall angle (as measured at the intersection between continuance lines of these walls), the medial drop and the lateral drop. All measurements are graphically presented in figure 1 and are described in table1.
Table 1: Description of the study population/cases.
	Number of patients
	44

	Number of sinuses
	51

	Gender 
	21 females, 23 males

	Sinus fill material
	Xenograft (DBBM)*

	Bilateral sinus fill
	14 sinuses


Statistical Analysis
Descriptive analysis was performed and correlations between the different parameters were tested using the Pearson correlation. Differences at a p value < 0.05 were accepted as being significant using the SPSS ver.20. A correction by Binyamini and Hochberg for multiple correlations tests was applied. ANOVA was used to examine the effect of the anatomical parameters regarding the filling results.
Results
The study population included 44 patients and 51 sinuses, since 7 of the patients had bilateral sinus augmentation (Table 1). All cases were successfully treated, without any significant complications. The radiographic measurements of the sinus anatomic and augmentation parameters provided the following data: the mean maximum width was 18.18±2.81 mm (12.31-26.75 mm). The mean augmentation fill height from the sinus floor was 10.72±2.05 mm (5.31-15.59 mm). The mean medial filling drop was 4.51±2.11 mm, and the lateral drop was 2.06±1.35 mm. The mean sinus angle was 51.99±13.38 degrees (Table 2). Significant positive correlations were found between the sinus maximal width and medial drop, sinus maximal width and lateral drop and between the medial drop and lateral drop. In addition, positive statistically significant correlations were found between the augmentation fill height measured from the sinus floor and the lateral drop. A significant negative correlation was found between the augmentation fill height measured from the alveolar bone crest and the sinus angle (p<0.05, 2-tailed). These correlations were still significant after Binyamini-Hochberg correction for multiple correlations (p<0.05). All the other correlations examined are shown in Table 3. A significantly higher medial drop (42.91%) than the lateral drop (18.76%) percentage was found, as calculated in relation to the augmentation fill height measured from the sinus floor. A paired sample T-test was applied (p<0.05) (Figure 2).
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Table 2: Descriptive analysis of the anatomical and filling results (N=51).
	 Abbreviation
	Measured parameter (mm)
	Minimum
	Maximum
	Mean± Std. Deviation

	SW
	Sinus maximal width
	12.31
	26.75
	18.18±2.81

	AUGW
	Maximum augmentation width
	9.54
	18.85
	13.64±1.99

	FH-ABC
	Augmentation fill height measured from the alveolar bone crest
	9.96
	20.34
	13.89±2.23

	FH-FL
	Augmentation fill height measured from the sinus floor
	5.31
	15.59
	10.72±2.05

	FH-AUGW
	Augmentation fill height measured from the maximum augmentation width
	2.06
	8.74
	5.26±1.62

	MD
	medial drop
	0
	9.62
	4.51±2.11

	LD
	lateral drop
	0
	5.34
	2.06±1.35

	ANG
	Bucco- palatal sinus wall angle
	26.87
	99.97
	51.99±13.38

	 
	Residual alveolar bone crest* (calculated)
	 
	 
	3.17±1.60


Table 3: Correlations between the measured parameters.
	Measured Parameter (mm)
	Pearson Correlation
	Pearson Correlation (p value)
	After BH Correction (p value)

	Sinus maximal width - maximum augmentation width
	 0.497**
	0.0002
	0.0002

	Sinus maximal width -medial drop
	0.342*
	0.014
	0.049

	Sinus maximal width –lateral drop
	0.371**
	0.007
	0.04

	Augmentation fill height measured from the alveolar bone crest - Augmentation fill height measured from the sinus floor
	0.721**
	0
	0

	Augmentation fill height measured from the alveolar bone crest – the sinus angle
	-0.347*
	0.013
	0.049

	Augmentation fill height measured from the sinus floor - maximum augmentation width
	0.653**
	0
	0

	Augmentation fill height measured from the sinus floor – the lateral drop
	0.429**
	0.002
	0.011

	Medial drop- lateral drop
	0.350*
	0.012
	0.049

	Residual crest height- Augmentation fill height measured from the maximum augmentation width line
	-0.466**
	0.004
	0.004

	Residual crest height-sinus angle
	-0.453**
	0.004
	0.004


*Significant (p<0.05,2-tailed), **significant (p<0.01, 2-tailed) (N=51) and correlation after Binyamini-Hochberg correction (p<0.05).
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The sinus width was stratified into two groups: a group of sinus widths between 10-15mm (N=6) and a group of sinuses wider than 15mm (N=45). The effect of the sinus width on the lateral drop, mesial drop, and sinus fill (FH-FL) was examined, and ANOVA was applied. It was found that there was a significant drop and medial and lateral drops in sinuses wider than 15mm in comparison to sinuses with a width between 10-15mm. The sinus width had no effect on sinus height fill as measured from the sinus floor (Figure 3). The sinuses were further stratified into three groups according to the sinus angle: sinus angle below 30° (N=2), sinus angle between 31-60° (N=35) and sinuses with an angle greater than 61° (N=14). The lateral drop was not affected by the sinus angle, while the medial drop was higher when the sinus angle was wider, but this did not reach statistical significance (Figure 4).
Discussion
This study evaluated the influence of specific anatomical factors of the sinus on the ability to maintain grafted bone levels of the sinus medial wall post LSFE. Our main results revealed that there was a significant medial drop that accounted for 42% of the augmentation height and that sinuses wider than 15mm had statistically significantly higher medial and lateral drops than narrower sinuses. Zeng et al. found a positive correlation between wide sinuses and high (linear height) bone graft resorption, and their explanation was related to the vascular supply [22]. From an anatomical point of view, if denuded from soft tissue, the main blood supply to the grafted material may be from the medial bony wall, which is nourished by the posterior lateral nasal artery. Other sources of vascular supply are the posterior alveolar artery and the infraorbital artery on the lateral wall [19]. Zeng and his colleagues assumed that in wide sinuses, the blood supply is inadequate, resulting in higher bone resorption in comparison to narrow sinuses, where the intimate blood supply from the close walls enhances angiogenesis and graft remodeling [22].
From a biomechanical point of view, medial collapse may be related to a lack of bony support of the graft by the walls during the very early stage of healing, which may influence the level of the blood clots and the grafted material. In wide sinuses, this reduced support may result in reduced stability and a drop in the grafted material, like that observed against the medial wall and lateral wall. The sinus width, i.e., the distance between the medial and lateral walls, was negatively associated with the percentage of new bone formation using the lateral approach technique [22-24]. In addition, in wide sinuses, it may be technically difficult to approach and reflect the Schneiderian membrane from the medial wall. In narrow sinuses, access to the medial wall may be easier.
Based on CBCT scan measurements of the palate-nasal recess located between the roof of the hard palate and the lateral wall of the nasal cavity, it was suggested that the location and angulation of such a recess would determine the degree of difficulty in elevating the membrane on the medial wall [25]. It is logical to assume that shortly after the surgical procedure, the cells of the membrane that are detached from the bony walls start to proliferate as part of a wound healing process; in this case, the membrane tends to penetrate and seal every gap next to it until it is “blocked” by connective tissue or bony attachment to the bony walls. This may establish the final level of the graft to the sinus wall level [26].
On the other hand, there are claims that variations in the Bucco palatal maxillary sinus width does not permit a meaningful sinus classification since there is a large variation in sinus width depending on the height level within the maxillary sinus and on the tooth position, and this does not permit a simple meaningful classification of narrow/average/wide sinuses. Nevertheless, a narrow maxillary sinus (i.e.,15mm wide) is rather prevalent in the molar region; furthermore, a wider and shorter residual alveolar ridge is associated with a wider sinus width. This information could be considered during the choice of augmentation material and/or healing time during maxillary sinus fill in the various regions; it appears reasonable to suggest that a shorter healing time and/or the use of bone substitutes may be considered in premolar sites, while a longer healing time and/or the use of autogenous bone in combination with bone substitutes appear preferable in molar sites [24].
Avila et al. histologically examined the effect of sinus width on bone vitality and found a negative correlation between the two. Furthermore, these authors claimed that the remaining alveolar bone height did not appear to have any influence on the maturation and consolidation of an allograft in the maxillary sinus [25]. The sinus is a secluded space, where the graft material is in close contact with its bony floor and walls, which provides excellent healing potential. Therefore, almost any type of grafting material could be used successfully. When choosing a bone substitute graft for sinus fill, we should prefer a material that tends to absorb liquid and to expand and has an intimate contact with the bony walls, rather than a grafted material with a tendency to shrink.
The grafted material serves primarily as a space maintainer, which prevents the collapse of the elevated sinus membrane, and through its osteoconductive properties allows osteogenic cells from the surrounding bony walls to migrate into the interspace of the graft and generate new vital bone. This stresses the importance of exposing the medial sinus wall in LSFA [7,26]. In addition, graft remodeling occurs by osteogenic cells originating from the sinus bony envelope. Therefore, a wide reflection of the sinus membrane and medial wall exposure will provide a rich blood supply for the remodeling process, graft maturation and rapid vital bone formation. The wider the sinus is, the higher the amount of augmented material needed, along with a longer replacement time. In these cases, exposing the medial wall is essential, and the usage of osteoinductive grafts is highly recommended [21].
Conclusion
Presurgical evaluation of the sinus anatomy and the expected bone sinus augmentation volume post-surgery is beneficial for successful LSFE. Careful surgical planning and graft material selection are essential for minimizing filling drops. Post-surgery CBCT is also important for evaluating the filling drop and implant size selection. Significant exposure of the medial wall followed by selective compression of the graft material against it supports sinus floor augmentation procedures. This is especially important in wide sinuses (more than 15mm). Further study is recommended to evaluate the long-term results of medial drops after implant installation.
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Figure 2: Lateral and medial drop percentages related to the augmentation fill height measured from the sinus floor. A paired sample T-test
was applied (p<0.05).






OEBPS/image/23597.png





OEBPS/toc.xhtml

		
			
						
					CoverImage
				


						
					GJO.MS.ID.556128
				


			


		
	

OEBPS/image/229831.png
Effect of sinus width

14.00
1200 1059 1074
10.00

800

600

400 210 * 221
200 ’—h 091 % i
0.00 %‘

10-15mm  >15mm | 10-Smm >1Smm | 10-15mm  >15mm

Mean (mm)

-2.00
FHAL Medial drop Lateral drop

sinus width 10-15mm or >15mm

Figure 3: The effect of the sinus width on augmentation fill height measured from the sinus floor, medial and lateral fill drop. One-way
ANOVA (p<0.05)
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Figure 1: Representative cross-section picture of the sinus fill resuilts analysis and measured parameters
Abbreviation: SW: Sinus Maximal Width- Measured from the Lateral Wall to the Medial Wall at the Widest Level; AUGW: Maximum
Augmentation Width — Measured at the Widest Level of the Augmented Bone; FH-ABC: Augmentation Fill Height —Measured from the
Alveolar Bone Crest; FH-FL: Augmentation fill Height- Measured from the Sinus Floor at the Point of the Top of the Augmented Bone; FH-
AUGW: Augmentation fill Height Measured from the Maximum Augmentation Width Line; MD: Medial Drop- Measured from the Top of the
Augmented Bone to the Lowest Point Near the Medial Wall where the Augmented Bone is in contact; LD: Lateral Drop- Measured from top
of The Augmented Bone to the Lowest Point Near the Lateral Wall where the Augmented Bone is in Contact; ANG: Bucco-Palatal Sinus
Wall Angle- the Angle between the Continued Line of the Buccal and Palatal Wall
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Figure 4: The effect of the sinus angle on the mean lateral and medial drops. One-way ANOVA (p<0.05)






