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ABSTRACT 

INTRODUCTION: Implant dentistry has become the excellent treatment modality 

since its inception to modern era of dentistry. The procedure of choice to restore this 

anatomic deficiency is maxillary sinus floor lift up procedure. Regeneration of the 

cavity that has been created can take place from the surrounding bony walls as long as 

they have the regenerative capacity, and the space can be maintained. CBCT remains 

the gold standard, as it provides high resolution while keeping the radiation dose to a 

minimum and overcomes the limitations of superimposition and magnification of 

traditional 2D techniques (Tadinada et al., 2015). the assessment of bone volume gain 

around the implants over a period can be considered as a prognostic indicator for 

success and survival of implants. And CBCT can be a useful tool in assessing the 

amount of new bone gain in turn predicting the success and survival of implants placed 

after sinus floor elevation without bone grafting. 

AIM: To assess the amount of bone around the implant placed after direct sinus lift 

procedure with grafting at different time points using data from CBCT. 

MATERIAL AND METHOD: This is a retrospective clinical interventional study 

which includes 15 participants, who have undergone maxillary sinus lift procedure with 

lateral approach. selection criteria: patient undergone direct sinus lift procedure and 

having CBCT scan at baseline and 6th month postoperative. Sample:1} Sampling 

procedure: Demographics data and CBCT images of all 15 participants will be collected 

from patient data base and radiographic investigation data base of the institutec2} Study 

instrument: CBCT Images, 3D Imaging Software 3} Data collection: Collected 

Demographics data and CBCT images of participants will be analyzed, Mean bone 

height after sinus lift procedure will be measured using CBCT data and CS 3D imaging 

software at baseline, at 6 months post procedure. 

RESULTS: Retrospective cohort study 56 sites in 23 patients with mean age of 

48.09. Simultaneous grafting and implant placement at 11 and delayed implant 

placement in 45 sites. Implant failures = 5 (2 in autogenous + alloplast, 1 in xenograft, 

1 in autogenous + alloplast, 1 in alloplast). When immediate compared to re-entry and 

follow up values, there was a significant decreased at re-entry and follow up, when 

compared to height of graft measured immediately after graft. However, there was also 
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a significant reduction in bone height when re-entry value was compared with follow 

up values. Inter-group comparison among graft materials used Autogenous with 

alloplast showed significant difference of 2.32. and lowest being combination of 

autogenous allograft with xenograft. 

CONCLUSION: The lateral window technique offers several advantages compared to 

the crestal approach including access through a larger window into the sinus. However, 

sinus elevation using the lateral window approach requires extensive surgical 

manipulation and extended waiting period before uncovering for implant placement 

Comparison of mean bone gain, where done between various types of graft. Overall, 

comparison by Anova shows the significant difference in bone gain when compared 

between various graft typed. Significant higher bone gain was observed in combined 

autograft with alloplast compared to alloplast alone. The presented methodologies 

show potential for future application in research areas evaluating volumetric changes 

in CBCT images, such as comparison of grafting materials or surgical strategies. 
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 Implant dentistry has become the excellent treatment modality since its 

inception to modern era of dentistry.1 Implant dentistry has widened the prosthetic 

possibilities in dentistry in manyways.2 As adequate quantity and quality of bone is 

required for the success of implant, the posterior maxilla has been described as the most 

difficult and problematic intra oral area confronting the implant practitioner, requiring 

a maximum ingenuity for the successful achievement of the implant procedure. Both 

anatomic features and mastication dynamics contribute to the challenge of placing 

titanium implants in this region.3 

 The procedure of choice to restore this anatomic deficiency is maxillary sinus 

floor lift procedure. Regeneration of the cavity that has been created can take place 

from the surrounding bony walls as long as they have the regenerative capacity, and 

the space can be maintained. A variety of biocompatible and restorable materials are 

available and can be used as space maintainers, while bone regenerates to replace them. 

When the bone is thin and possess little regenerative capacity, autogenous bone should 

be used as a graft. This procedure should be followed under aseptic condition and 

prophylactic antibiotic cover, because a large biomass will be placed into the bone 

cavity, which is at ideal temperature, for bacterial proliferation, as the blood supply for 

the graft will not be developed for some time and during this period graft will be at risk 

for bacterial colonization. 

 

 As far as the 18th century successful sinus surgeries were performed using 

calcium sulphate as the graft material. The sinus lift techniques had a lot of 

modifications through the years.4 
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➢ In 1960, Boyene published sinus lift with lateral access. In the beginning it was 

used for achieving an optimal inter-crestal distance needed for denture making. 

➢ In 1975, Hilt Tatum introduced a technique to increase alveolar bone height 

that placed graft material under the maxillary sinus membrane prior to placing 

implants.5 

➢ In 1980, Boyne and James, using the Caldwell-Luc procedure, grafted 

autogenous membrane and antral floor & started to place implants in the newly 

created bone. 

➢ In 1983 American physician George Caldwell and French laryngologist Henry 

Luc accessed the maxillary sinus by creating a lateral window providing access 

to lift the sinus membrane. 

➢ Smiler and Holmes reported a series of five successful sub-antral grafts 

performed via a lateral window approach using porous hydroxyapatite alone as 

the graft material in 1987.6 

 

 After maxillary teeth are extracted, certain phenomena occur, including the 

following: 

(1) Posteriorly, the maxillary sinus drops inferiorly and pneumatizes laterally, while 

concomitantly the alveolar bone directly below and lateral to the antrum resorbs, 

thereby creating thicknesses of 1 mm or less and often a large buccal undercut. 

(2) The sinus is also seen to migrate distally to obliterate a substantial portion of the 

maxillary tuberosity. 

(3) Anteriorly, the labial surface of the bone resorbs inward, leaving the anterior nasal 
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spine and the canine eminences intact. 

(4) A totally edentulous maxilla, after a period of time, resorbs inward towards the 

center of the hard palate, but in cross-section, it often leaves buccal and labial 

undercuts. 

(5) The maxillary sinus rarely invades the palatal side of the ridge crest.7 

 

The following bone changes occur after tooth loss: 

➢ Tooth extraction is one of the most common dental procedures. Generally, the 

extraction socket heals uneventfully. Concurrent with bone growth into the 

socket, there is also well documented resorption of the alveolar ridges. 

➢ The greatest amount of bone loss is in the horizontal dimension and occurs 

mainly on the facial aspect of the ridge. There is also loss of vertical ridge 

height, which has been described to be most pronounced on the buccal aspect. 

➢ This resorption process results in a narrower and shorter ridge and the effect of 

this resorptive pattern is the relocation of the ridge to a more palatal/lingual 

position. The defect resulting from the loss of a tooth may be complicated by 

previous bone loss due to periodontal disease, endodontic lesions, or a 

traumatic episode. 

➢ The situation becomes even more compromised when the alveolus has lost 

walls or height. Loss of alveolar bone may have occurred before tooth 

extraction because of periodontal disease, periapical pathology, or trauma to 

teeth and bone. 
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➢ The size of the residual ridge is reduced most rapidly in the first 6 months, but 

bone resorption activity in the residual ridge continues throughout life at a 

slower rate resulting in the removal of large amounts of jaw structure. 

➢ Morphologic changes in extraction sockets have been described by 

cephalometric measurements, study cast measurement, radiographic analysis 

and direct measurements of the ridge following surgical re-entry procedures 

 

 Prior to planning complicated surgical procedures like elevation of the 

maxillary sinus floor, a thorough examination, including medical and dental history, 

should be obtained. 

➢ The dental and periodontal status is evaluated using clinical and radiologic 

examination methods. The vitality of the neighboring teeth must be tested. 

➢ The infraorbital, lateral nasal, and superior labial areas of the face must be 

examined regarding tenderness to palpation, swelling or asymmetry. 

➢ The patient’s history along with findings made during the clinical examination 

should provide sufficient information for diagnosing acute, allergic, and 

chronic sinusitis. 

➢ Preoperative screening to assess a potential pathologic condition in the 

maxillary sinus should include radiographic examination, such as - 

✓ Orthopantomography (OPG) 

✓ Tomography 

✓ Computed tomography (CT) 

✓ Cone‐beam computed tomography (CBCT) or Aquitomo‐scans. 
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➢ Before performing the sinus floor elevation surgery, all dentate patients should 

receive cause‐related therapy 

➢ Medical or surgical therapy of sinusitis, and removal of polyps and tumours 

must be completed prior to sinus floor elevation.8 

 CBCT remains the gold standard, as it provides high resolution while keeping 

the radiation dose to a minimum and overcomes the limitations of superimposition and 

magnification of traditional 2D techniques (Tadinada et al., 2015).55-9 

 The deficient residual crest of the sub antral maxillary regions is currently 

managed according to established guidelines (Checchi et al. 2010; Esposito et al. 

2010a).  

 Regardless of the material or surgical technique used for sinus grafting, a 

preoperative clinical and radiological examination should be done for the planning of 

surgery and implant placement. 

 Panoramic radiographs as well as CT or CBCT are used for this pre-operative 

planning (Reddy et al. 1994).56-10 Panoramic radiographs display an inherent 

deformation which impedes their interpretation and quantitative measurements. 

 In a study, Rodriguez-Recio et al. in 2010, have shown the benefits of using CT 

scans and specialized software that can provide important information about the quality 

and quantity of bone in the palatal donor area.57-11 

 Buyukkurt et al. in 2010, showed that 3D CT techniques and specialized 

software can be used to calculate the volume required for sinus floor augmentation 

grafts.58-12 
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 Arias-Irimia measured the volume of sinus lifts postoperatively using CBCT 

scans.9-13 

 Lundgren et al were the first to report that after removal of a cyst from the 

maxillary sinus, there was bone neo formation in the region without any biomaterial 

having been used for vertical augmentation of the alveolar ridge. With the publication 

of that study, a new perspective was gained, and other researchers have used this 

information to observe the bone neo formation potential of the blood clot in the 

maxillary sinus. 

 Periosteum elevation leads to resorption, bone marrow exposure, and stem cell 

entry into the sinus cavity. The periosteum of the elevated sinus membrane is another 

potential source of cells that may contribute to bone formation.2,10-14 

 Thus, the assessment of bone volume gain around the implants over a period 

can be considered as a prognostic indicator for success and survival of implants. And 

CBCT can be a useful tool in assessing the amount of new bone gain in turn predicting 

the success and survival of implants placed after sinus floor elevation without bone 

grafting 
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 To assess and evaluate the amount of bone around the implant placed after 

direct sinus lift procedure using Cone- Beam Computerized Tomography Scan at 

baseline and 6 months with grafting. 
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 Tatum et al.16 proposed the lateral window approach to augment the maxillary 

sinus, which was later published by Boyne and James in 1980.15 Fouad et al. A bony 

window is created along the lateral wall of the sinus to visualize the sinus membrane, 

the sinus membrane is carefully elevated, and the created underlying space is 

augmented using autogenous bone grafting material.31 

 

 Sinus lift surgery has been performed for over 30 years, to ensure sufficient 

bone volume in relation to implant treatment. One of the first study ever to describe the 

use of a technique without the simultaneous use of bone graft material and a lateral 

window entrance to the maxillary sinus was presented in 1997 by Ellegard and 

colleagues 17 

 

 Daelemans P 1997, This study reports the successful use of osseo-integrated 

implants to replace posterior teeth combined with the autogenous bone graft technique 

in the sinus. Preliminary data (1 to 6 years’ experience) of this one-stage procedure are 

presented. A total of 33 patients were treated--44 sinus grafts were augmented with 

bone from the anterior iliac crest. Reconstruction was completed with ceramic fixed 

partial dentures, and there was a follow-up of 3 to 80 months (mean 40.2 months) after 

loading. None of the 44 sinus grafts was lost. Of the 121 implants placed, eight failed, 

resulting in a failure rate of 6.6% and a cumulative failure rate of 6.8%. Of the 44 

prostheses placed in the 44 sinuses, one failed, resulting in a prosthesis stability of 

97.7%. Complications were encountered in three patients (three sinuses, eight 

implants); treatments were administered, symptoms subsided, and the implants 
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integrated in two patients (two sinuses, six implants). One patient lost the two implants 

and the prosthesis, but the graft integrated. No other complications have since occurred. 

The results compare favorably with previous reports in terms of implant survival and 

stability. The implant survival rate approached that of implants placed in 

uncompromised maxillary bone.18 

 

 Blomqvist JE 1998 proposed prospective study was to evaluate the results of 2-

stage maxillary sinus reconstruction using titanium implants placed into iliac cortico-

Cancellous bone blocks previously grafted to the floor of sinuses. Fifty consecutive 

patients received 314 Brånemark implants of varying lengths; 202 implants were placed 

in the grafted bone and 112 were placed in the adjacent anterior maxillary alveolar 

process, which had received buccal onlay bone grafts. Follow-up time was 9 to 48 

months after implant placement, which was accomplished 5 months after bone grafting. 

Eighty-four percent of the implants were integrated into the grafted sinuses and 75% 

were integrated into the anterior graft. Six patients (12%) lost implants in strategic 

positions, leading to secondary implant placement prior to fabrication of fixed 

prostheses. Thirty-eight patients (76%) received fixed prostheses. Only 5 individuals 

(10%) attained permanent implant-anchored overdentures. One patient lost all 

implants. The total implant survival rate (80.9%) and the survival rate of the fixed 

prostheses (100%) compare favorably with other reports.19 

 

 Giampiero Cordioli 2001, This clinical study was undertaken to: 1) evaluate the 

use of bioactive glass combined with autogenous bone as grafting material for 

maxillary sinus augmentation with simultaneous implant placement using radiography 
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and histology; and 2) document the short-term post-loading success of implants 

inserted in sinus cavities augmented with this material. Unilateral or bilateral sinus 

augmentation was performed in 12 patients with 3–5 mm of alveolar crestal bone height 

in the posterior maxilla prior to grafting. The sinuses were grafted with bioactive glass 

mixed in a 4:1 ratio with autogenous bone. Simultaneously, 2–3 threaded titanium 

implants were inserted into the augmented sinuses. Second stage surgery was carried 

out 9 to 12 months post implantation. At abutment connection, 10 core biopsy 

specimens were taken from different grafted sites and evaluated histologically. All 27 

implants were clinically stable at second stage surgery. A mean increase in mineralized 

tissue height of 7.1 ,1.6 mm was evident when comparing the pre-surgical CT scans 

with those performed 9–12months following the sinus augmentation procedure. 

Evaluation of the cores yielded a mean of 30.6 ,5.7% of bone tissue in the grafted sites. 

One implant failed during the prosthetic phase while the remaining 26 implants were 

stable 12 months post loading. This study suggests that Biogran /autogenous bone graft 

combination used in one-stage sinus augmentation yields sufficient quality and volume 

of mineralized tissue for predictable simultaneous implant placement in patients with 

3–5 mm of bone height prior to grafting.20 

 

 In 2004, Lundgren et al proposed the graftless sinus floor augmentation. In their 

study, they elevated the sinus membrane and used the simultaneously inserted implants 

as tent poles to maintain the level of the sinus membrane, without the insertion of any 

graft material. The hypothesis was that maintaining the elevated space would allow for 

blood clot formation and stabilization and eventually bone formation in 13 the elevated 

space.21 



REVIEW OF LITERATURE 

 
11 

 Andreas Thor et al 2007, consecutively included twenty patients were from 

November 2001 to June 2004. Forty-four implants with a diameter of 4.5 mm or 5 mm 

were installed in 27 sinuses. A sinus lift procedure was considered when the sub-antral 

bone was ≤ 5 mm (mean residual bone height, 4.6 mm; range, 2 to 9 mm; 44 implant 

sites) as measured on panoramic radiographs. Direct sinus lift procedure was performed 

where a cortical window was removed from the maxillary anterior sinus wall. The sinus 

mucosal lining was elevated, and implants installed in the residual sub antral bone. The 

cortical window was thereafter replaced, and the incision closed. The remaining bone 

height was recorded during surgery as well as perforations of the sinus mucosal lining. 

After 6 months of healing, abutments were connected (the series included five 1-stage 

procedures). Clinical and radiological follow-up after loading was performed up to 4 

years after implant installation. Periapical radiographs and orthopantomograms were 

used for measurements of 1) the height of the residual alveolar bone at each implant 

site, and 2) the height of newly formed bone in the maxillary sinus in relation to each 

implant. Measurements were made manually with a millimeter scale on the radiographs 

with assistance of digital orthopantomograms because axial projections of implants in 

the maxillary sinus region are difficult to obtain because of the loss of alveolar crest 

and the nearby obstructing hard palate. The cervical micro-threaded area of the implant 

represents 5.5 mm, and this was used as a reference point during measurement. Firm 

primary stability was achieved for all implants at installation with bone levels in 

residual bone of 2 to 9 mm. Perforations of the maxillary sinus mucosal lining occurred 

in 11 of the 27 operated sinuses (41%). One implant was lost during a mean follow-up 

of 27.5 months (range, 14 to 45 months) giving an implant survival rate of 97.7%. The 

average gain of bone at the sinus floor was 6.51 mm (SD _ 2.49, 44 implants) including 

all measured implants after a minimum of 1 year follow-up. Marked bone formation 
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was observed around long implants and when the residual bone below the sinus was 

diminutive. This study also confirmed the results previously reported by Lundgren et 

al in 2004, with stable implants and new bone formation in the sinus floor. In cases 

where the remaining bone at baseline, in which the implants were placed, was minute, 

the gain of bone was larger. Additionally, the longer the implant, the larger amount of 

bone was formed, as confirmed with linear regression analysis. It is suggested that the 

use of this technique can reduce the risk for morbidity related to harvesting of bone 

grafts and eliminate costs for grafting materials.22 

 

 Lundgren et al were the first to report that after removal of a cyst from the 

maxillary sinus, there was bone neo formation in the region without any biomaterial 

having been used for vertical augmentation of the alveolar ridge. With the publication 

of that study, a new perspective was gained, and other researchers have used this 

information to observe the bone neo formation potential of the blood clot in the 

maxillary sinus.3 

 

 In a literature review of bone augmentation techniques related to implant 

treatment from 2009 presented by authors Storgård Jensen and Terheyden and the 

group conducting the 4th ITI Consensus Conference. A total number of 179 sinus 

augmentation studies using the lateral window technique were identified. 47 studies 

were evaluated of that which fulfilled the inclusion criteria and only three of which 

used graft-less technique. Survival rates from all three studies (evaluation periods of 

12–27.5 months) were within the range of 97.7% to 100% (110 implants in 63 patients). 

Despite the low number of existing studies. The authors in their concluding remarks 
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considered this technique as being a well-documented procedure for maxillary sinus 

floor elevation.23 

 

 In a study by Gustavo Avila 2010, A total of 25 patients in need of sinus 

augmentation were recruited. After initial examination, customized radiographic and 

surgical guides were fabricated, and a cone-beam computerized tomography scan was 

obtained per patient. The Bucco-palatal distance (BPD) was measured at 8, 10, and 12 

mm from the alveolar crest. Sinus grafting was performed by a lateral window approach 

using a particulate allograft material. Patients were followed-up for 6 months. At the 

time of implant placement, bone core biopsies were harvested using the radiographic- 

surgical guide. Sections of the bone cores at 8, 10, and 12 mm from the alveolar crest 

were histomorphometrically analysed. The proportion of vital bone (%VB) was 

correlated with the BPD using a statistical model. Twenty-one patients underwent sinus 

augmentation for a total of 24 sinuses; however, the data analysed contained only one 

sinus per patient. One sinus developed an infection after grafting, resulting in a 96% 

success rate for the sinus grafting procedure. Twenty sinuses were used in the final 

statistical analysis. Histomorphometric analysis revealed that mean %VB was 22.71 – 

19.08, mean percent of remaining allograft was 23.39 –20.85, and average percent of 

non-mineralized connective tissue was 53.90 – 13.23. needs completion.24 

  

 In a study by Giovanni Cricchio et al 2011, A total of 84 patients were subjected 

to 96 membrane elevation procedures and simultaneous placement of 239 implants. 

Changes of intra-sinus and marginal bone height in relation to the implants were 

measured in intraoral radiographs taken at insertion, after 6 months of healing, after 6 
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months of loading and then annually. Computerized tomography was performed 

presurgical and 6 months post-surgically. Resonance Frequency Analyses 

measurements were performed at the time of implants placement, at abutment 

connection and after 6 months of loading. The implant follow-up period ranged from a 

minimum of one to a maximum of 6 years after implants loading. All implants were 

stable after 6months of healing. A total of three implants were lost during the follow-

up period giving a survival rate of 98.7%. Radiography demonstrated on average 5.3 _ 

2.1mm of intra-sinus new bone formation after 6 months of healing. RFA 

measurements showed adequate primary stability (implant stability quotient 67.4 _ 6.1) 

and small changes over time. Maxillary sinus membrane elevation and simultaneous 

placement of implants without the use of bone grafts or bone substitutes result in 

predictable bone formation with a high implant survival rate of 98.7% during a follow-

up period of up to 6 years.25 

 

 Horváth et al. in 2013 reported in a study that periosteum elevation leads to 

resorption, bone marrow exposure, and stem cell entry into the sinus cavity. The 

periosteum of the elevated sinus membrane is another potential source of cells that may 

contribute to bone formation.26 

 

 A study by Baciut et al. in 2013, evaluated the clinical validity of cone-beam 

computed tomography scans in comparison to panoramic radiographs regarding 

preoperative implant planning in combination with sinus grafting procedures on 16 

sinuses (13 patients). Six examiners were involved in the study. All examiners assessed 

the panoramic radiographs first. After 1 month the CBCT scans were shown randomly 
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to the examiners, blinded for the fact that the scans were carried out in the same patients 

as the panoramic radiographs. Afterwards, the surgeon clinically assessed the possible 

indication of a sinus inlay procedure, which would require three dimensional images 

for better judgment. Preoperative image assessment included treatment choice, timing 

of implant placement, sinus morphology, level of confidence, complication prediction 

and graft volume assessment. Simple sinus lifts with or without grafting procedure 

(autogenous or heterologous bone) were recorded as possible treatment types. 

Simultaneous or delayed implantations were the next selection options. A CBCT scan 

was taken prior to and 1 week after surgery, respectively to estimate and measure the 

sinus lift volume. The evaluation of CBCT accuracy in estimating the required graft 

volume for a sinus lift in a deficient crest was evaluated using the postoperative data as 

reference. The concordance between the treatment choice established using panoramic 

radiographs and using CBCT was nearly perfect (95%). If any difference was found, 

this was due to an overestimation of bone quantity and quality on panoramic 

radiographs. No significant difference was noted between the planning based on 

panoramic radiography compared with CBCT in terms of treatment choice (Wilcoxon; 

Z = _0.45; P = 0.65) or timing of implantation (McNemar test; difference = 1%; P = 1). 

The median confidence level for the treatment plan based on panoramic radiographs 

was 1 (very doubtful), whereas CBCT scans resulted in a median score of 4 (confident). 

This difference was statistically significant (Wilcoxon; Z = _7.23, P < 0.0001).  The 

assessment of sinus morphology showed a significantly higher detection rate of sinus 

mucosal hypertrophy on CBCT. The most appealing result is a significant increase in 

surgical confidence and a significantly better prediction of complications when using 

CBCT. Thus, it was concluded that a preoperative planning based on CBCT seems to 

improve sinus diagnostics and surgical confidence. CBCT should be recommended in 
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all cases for sinus lift performing to improve the surgeon’s confidence and the accuracy 

of the sinus lift technique. When only panoramic radiographs are used, bone quantity 

and quality are risked being overestimated. Despite this, the preoperative CBCT 

examination cannot prevent peri-operative complications.27 

 

 A prospective clinical study by Bassi et al. in 2015, conducted maxillary sinus 

lift procedures in the posterior region of the maxilla, using only blood clot as filling 

material. 17 patients underwent a maxillary sinus lift procedure; 20 maxillary sinus 

regions were operated on and a total of 25 implants were placed. The sinus mucosa was 

lifted together with the anterior wall of the osteotomized maxilla and supported by the 

implants placed. Computed tomography (CT) scans were obtained immediately 

postoperative (Tinitial) and at 3 (T1) and 51 (T2) months postoperative for the 

measurement of linear bone height and bone density (by grey tones).  The ‘measure’ 

tool was used; the bone height was measured in the tangential cuts (in the regions mesial 

and distal to the implant) and parasagittal cuts (in the vestibular and palatine regions).  

Only one implant was lost in the first stage (96% success). After dental prosthesis 

placement and during up to 51 months of follow-up, no implant was lost (100% success, 

second stage). The difference in mean bone height between Tinitial (5.94 mm) and T1 

(13.14 mm), and between Tinitial and T2 (11.57 mm), was statistically significant (both 

P < 0.001); comparison between T1 and T2 also presented a statistical difference (P < 

0.001). The results of this study indicate that the technique performed, particularly the 

dental implant supporting the vestibular wall as a new floor of the maxillary sinus, 

prevented the maxillary sinus membrane from sticking to the implant and thereby the 

space for the clot was maintained, allowing the bone neoformation process to take 
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place. The mean gain of neo formed bone, when comparing the linear bone height 

between the initial post operative period and follow-up at 51 months, was 5.63 mm. 

Bone density had increased at the end of the period analyzed, but this was not 

statistically significant (P > 0.05). Periosteum elevation leads to resorption, bone 

marrow exposure, and stem cell entry into the sinus cavity. The periosteum of the 

elevated sinus membrane is another potential source of cells that may contribute to bone 

formation. Thus, the maxillary sinus lift technique with immediate implant placement, 

filling with blood clot only, may be performed with a high success rate.28 

 

 A retrospective study was conducted by Christopher Riben et al in 2015 on 

patients who had undergone the surgical procedure from November 2001 to August 

2008. Thirty-six patients with a total of 87 implants (ASTRA TECH Implant System™) 

in 53 sinuses were examined. The surgical procedure in this series of patients included 

making the cut in the lateral wall of the maxillary sinus initially with oscillating saw 

with a 5-mm wide rectangular blade and later with piezosurgery blade. After 

successfully elevating the rectangular piece of bone from the membrane in the 

osteotomized area of the lateral maxillary wall, the bone piece was placed in saline for 

storage during further procedure with dissecting and elevating the membrane from the 

sinus floor. Followed placement of implants with micro-threads in cervical region that 

offered primary stability. The sinus membrane was allowed to rest on the apex of the 

implants as a coagulum was formed beneath the membrane and around the implants. 

The earlier removed piece of bone was thereafter replaced to its initial position. After 

a submerged healing period of 6 months and at least 12 months of loading, the patients 

were examined clinically and radiologically. Implant stability was measured using 
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resonance frequency analysis. The mean follow-up time was 4.6 years (range 1.5–7 

years). Five implants were lost giving a survival rate of 94.3%. Sub antral preoperative 

vertical bone levels were in the range of 1 to 10 mm. The average bone gain at the sinus 

floor was 6 mm. The 55 fixtures eligible for resonance frequency analysis displayed a 

mean implant stability quotient of 77. The authors used orthopantomogram for 

examining sub-antral vertical bone height in this study, referring to the studies where 

different radiological modalities have been used and all of which disclose that planar 

technique with panoramic X-ray can be comparable with cone beam computed 

tomography.29 

 

 Alper, Gultekin and colleagues in 2016, In this retrospective study, CBCT scans 

of SFE procedures were evaluated to determine the volume of grafted sinus with either 

deproteinized bovine bone (DBB) or a 2:1 mixture of biphasic calcium sulphate (BCP) 

and DBB, as a composite. The volumetric changes of sinus augmentations were 

measured 2 weeks (V-I) and 6 months (V-II) after operation. Thirty-three patients were 

included in this study. The average percentage volume reduction was 9.39 +/- 3.01% 

and 17.65 +/- 4.15% for DBB and composite grafts, respectively. A significant graft 

volume reduction was observed between V-I and V-II for both groups (𝑝 < 0.01). The 

DBB group exhibited significantly less volume reduction than the composite group (𝑝 

< 0.01).  Augmented sinus volume may change before implant placement. DBB offers 

greater volume stability during healing than composite grafts.30 

 

 Another study by Fouad et al. in 2018 was done to evaluate the analytical 

difference between the use of xenograft (control group) and graftless tenting (test 
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group) technique after sinus lift procedure with simultaneous implant placement. 

Although autogenous bone has been regarded as the gold standard for bone 

augmentation owing to its osteogenic, osteoinductive, and osteoconductive properties, 

along with the lack of immunogenic response.13 However, it suffers from several 

drawbacks including increased morbidity, the need for second surgical harvesting 

procedure limited volume especially when augmenting large or pneumatized 

sinuses.32Other grafting materials have been proposed to overcome these drawbacks 

including allografts, xenografts, and alloplasts or a mixture of these materials.22,37,35 

Mean bone height gain in the xenograft group was 8.59 +/- 0.74 while that of the tenting 

group was 4.85 +/- 0.5 and it was statistically significant (P<.05). Mean bone density 

values in the xenograft group was 375.59 +/- 49.38 while that of the tenting group was 

269.08 +/- 16.27 and it was statistically significant (P<.05). this showed that 

augmentation of the elevated sinus space using xenograft demonstrates greater potential 

of bone formation in comparison to graftless technique. Mean ISQ values for the 

xenograft group was 78.3 +/- 5.08 while that of the tenting group was 74 +/- 3.19 and 

it was statistically significant (P<.05). Within the limitation of this study, sinus lift 

procedures with simultaneous implant placement using xenograft as a filling material 

or graftless technique are considered reliable procedures, however, the use of xenograft 

provide better results in all aspects regarding (bone height gain, bone density, and 

implant stability).31 

 

 Justin Ranaan et al 2018, stated that Sinus floor elevation (SFE) is a feasible 

approach to increase the available alveolar bone dimensions. It is known that the 

maxillary sinus has a potential for healing and bone formation without the need of bone 
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grafts or bone substitutes. However, current graft-free sinus SFE approaches are 

technique sensitive and non-reliable in consistent bone formation. This paper 

introduces the slit-window technique as a novel and simple technique to perform graft-

free sinus floor elevation. A 66-year-old male presented with edentulous regions in the 

posterior maxilla and bilateral sinus pneumatization. The treatment included SFE using 

the graft-free slit-window technique on the right site and traditional lateral SFE with 

bone augmentation on the left site. Two implants were placed simultaneously during 

sinus lift procedures in each side. The slit-window technique was performed using a 

rigid barrier membrane in conjunction with stabilizing bony slits to tent the 

Schneiderian membrane superiorly. Healing was uneventful for implants in both sides. 

Six months postoperatively, the amount of bone formation in the non-grafted site was 

comparable to that of the grafted site.32 

 

 Another study by Lewin et al. in 2018, was done to provide a robust and 

objective method that could assess the radiologic changes around dental implants after 

sinus elevation surgery with simultaneous implant placement. This was a retrospective 

study that included 6 patients (2 males and 4 females, average age of 64.2 +/- 9.8 years) 

who had been CBCT scanned preoperatively, at baseline (early after surgery), and 6 

months postoperatively. Three patients with bilateral three with unilateral sinus 

elevations were included, resulting in total of 9 sinuses. In order to quantify the 

radiologic changes, an image workflow analysis was developed based on the 

postoperative baseline and 6-month scans. The workflow included metal artifact 

reduction, registration, and a standardized protocol for semiautomatic segmentation. 

Validation of different steps of method was conducted by comparing scans from all 
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time points. Comparison of constant volumes (example, screws and bony parts not 

subjected to change) was used. Additionally, the dice similarity coefficient (DSC) was 

used to measure the overlap of segmentation. The study included 9 maxillary sinuses 

in 6 patients. The bone formation was quantified and visualized in 3D. in the validation, 

no significant differences were found for the constant volumes at different scanning 

time points. DSC showed accurate results with values > 0.92. the validation of the bone 

region compared to the volumes from baseline, early after surgery and 6-months, 

showed no statistically significant differences (p=0.98). although, the largest difference 

in bone region volumes was found to be between at the time of procedure and 6-month 

later. The study concluded that the method presented provides an objective and robust 

evaluation of bone formation around dental implants. The same methodologies can be 

applied in other studies of dental CBCT images, example, for comparison of grafting 

materials or surgical strategies.33 

 

 Sebastian Dominiak 2021, the study was conducted clinical and radiological 

comparison of implantation with a simultaneous sinus lift using xenograft or PRF clots. 

Thirty sinus lifts with simultaneous implantation were conducted using a lateral 

window approach and the tent pole technique, with xenograft (group 1 (G1)) or PRF 

(group 2 (G2)) as a filling material. To be included in the study, patients must have had 

an alveolar ridge height of 4-5 mm, no signs of inflammatory processes, good oral 

hygiene, and no other grafting procedures performed in region of implant insertion. In 

each case, the measurements taken were probing pocket depth (PPD), height of 

keratinized tissue (HKT), clinical attachment level (CAL), recession depth/width 

(RD/RW), and, on panoramic X-rays, marginal bone loss (MBL), grafted sinus high 

https://pubmed.ncbi.nlm.nih.gov/?term=Dominiak+S&cauthor_id=33984195
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(GSH), and bone gain (BG). Pre- and post-operative treatment was applied to reduce 

the chance of infection. During the study, 30 implants (hydroxyapatite-coated implants 

manufactured by SGS - 10 mm in length and 4.2 mm in diameter) were placed. The 

survival rate of implants in both groups was 100% with no implant mobility, pain, 

paraesthesia, or inflammatory processes in the direct vicinity of the implants observed, 

except in 1 patient. After 36 months of follow-up, the radiological assessments for G1 

were: GSH 4.5 mm, MBL 0.46 mm and BG 4.53 mm; and for G2: 3.4 mm, 0.6 mm and 

3.4 mm, respectively. Results of the clinical measurements were for G1: HKT after 36 

months (HKT36) 2.46 mm, CAL 0.47 mm and PPD 2 mm; and for G2: HKT36 3.13 

mm, CAL 0.6 mm and PPD 2.07 mm. To conclude with after 3 years of follow-up, the 

results of sinus lifting solely using PRF with simultaneous implantation were 

promising, especially in terms of soft tissue management. Therefore, PRF can be 

regarded as an alternative to previously used materials.34 
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 The present study was a retrospective cohort study which included patients 

who underwent sinus elevation surgery at the Department of Oral Implantology. 

 

SOURCE OF THE DATA 

 Case records of patients who had visited the outpatient Department of Oral 

Implantology, of the S.D.M College of Dental Sciences and Hospital, Dharwad. 

 Approval for this study was obtained from the Institutional Review Board of 

the S.D.M College of Dental Sciences and Hospital, Dharwad. 

 

INCLUSION CRITERIA 

1. CBCT scans of the maxilla of healthy patients showing the complete base of 

the lower third of maxillary sinus. 

2. Patients who had been examined by CBCT at baseline 

3. All patients who had undergone implant placement and had a baseline residual 

bone height under the maxillary sinus of 6 mm or less in at least one implant 

position. 

 

CLINICAL PROCEDURES 

 All the implants had been installed using a two-stage lateral maxillary sinus 

elevation procedure. Access to the maxillary sinus had been created through an 

osteotomy of the anterior maxillary sinus wall, resulting in a bony window. The bone-
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piece was removed at this time point of entry which was later replaced. After dissection 

of the sinus membrane, also called the Schneiderian membrane, the implants were 

placed resulting in a sinus membrane elevation. Bone graft was placed under the 

membrane in the surgically created compartment, finally shielded off by the 

replacement of the bone-piece into the window. At the time point of re-entry surgery 

for placement of implant abutment at six months, bone had formed around the implant 

and clinical evaluation proved all included implants ready for prosthetic loading.  

 

Graft materials and number of sites is as follows: 

Autograft 10 

Autograft+Alloplast (NB) 15 

Xenograft 13 

Autograft+Xenograft 03 

Alloplast 14 

Table.1: Different bone substitutes used for sinus floor augmentation. 

 

IMAGE ANALYSIS 

SAMPLE: 

Sampling procedure: 

Demographics data and CBCT images of 23 participants were collected from patient 

database and radiographic investigation database of the institute. 
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Study instrument:  

1) CBCT Images 

2) CS 3D Imaging Software 

Data collection:  

1) Collected Demographics data and CBCT images of participants were analyzed 

2) Mean bone height after sinus lift procedure were measured using CBCT data 

and CS 3D imaging software at baseline, at time of re-entry and at follow-up. 

3) The image analysis workflow was developed to assess the 3D radiological 

changes after sinus elevation surgery. The workflow was developed based only 

on the T2, the T0 scan was solely used for validation purposes. 

ANALYSIS OF BONE HEIGHT ON CBCT:  

 In the edentulous site, a horizontal line was drawn joining the mesial and distal 

tooth alveolar crest, then a perpendicular line was drawn to base of Schneiderian 

membrane (floor of sinus) from the crest of the residual alveolar ridge. The linear 

distance from the most superior tip of edentulous alveolar crest to floor of maxillary 

sinus perpendicular to the above stated horizontal line was measured and labelled has 

‘Residual bone height’ prior sinus floor augmentation. The unit of measurement was 

in millimeter (mm). Fig 2 
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BONE HEIGHT GAIN AT IMPLANT SITE 

 The per-implant volumes (Height of bone) from T0-CBCT, T1-CBCT, T2- 

CBCT of the same patient were assessed and compared for the total bone gain. 

 

T0 Baseline 

T1 Immediate after graft placement 

T2 At 6 months follow up 

Table.2: Time points for data collection. 

 

INNER SINUS BONE GAIN ANALYSIS 

  To validate the segmentation of the inner sinus, the segmented volumes from 

T0-CBCT and T1- CBCT were compared. The inner sinus of the T0-CBCT was 

segmented in the same way as for the T1-CBCT (except the subtraction of the implants 

in the T1-CBCT). The region of the replaced bony window was excluded from this 

comparison since the position, in some patients, changed between the two scans. 
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                        BASELINE  POST 6 MONTHS 

 

 

CBCT analysis showing Residual bone 

volume gain which is measured from 

crest of edentulous site to floor of sinus 

CBCT analysis showing Total 

volume gained during implant 

placement at 6months 

 

 

CBCT analysis showing amount of 

amount of sinus lift and bone volume 

required to be gained 

CBCT Image showing Total bone 

volume at 6 months 

Fig 1- CBCT analysis of residual bone volume and total bone volume gain 
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STASTICIALS ANALYSIS 

The following statistical analysis for the study and failure was calculated 

I. Descriptive analysis included mean patient age and gender. 

II. Repeated measures ANOVA test was done to known residual bone height at 

baseline and follow up. 

III. One-way ANOVA test done to compare gain among various graft materials. 

Since there was significant difference among the different graft material Post 

hoc test was done to find the group with significant difference. 

IV. PEARSON’S CORRELATION done to know the correlation between graft 

and implant placement to the amount of bone level at follow up 

V. Probability value of less than 0.05 was statistically significant for all 

comparison  
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 The present study was a retrospective cohort study of 55 sites in 23 patients 

with mean age of 48.09. Table.3 shows Simultaneous grafting and implant placement 

at 2 and delayed implant placement in 53 sites.  

 A significant amount of bone gain was observed following the sinus lift 

procedure irrespective of the graft that was used. A mean bone gain of 9.53 (±1.73) was 

seen after sinus grafting procedure, from baseline to follow-up. 

 Pair-wise comparison of the baseline bone levels (T0) to each of the follow-up 

time points (T1/T2) showed a significant difference. (Table 4) Comparisons among the 

follow-up time points showed a significant reduction in the bone levels from the time 

of grafting (immediate post-operative bone level) to the time of follow-up. (Table 4) 

 Comparison of mean bone gain were done between various types of grafts. 

Overall, comparison by ANOVA shows that a significant bone gain was seen with use 

of all types of grafts and combinations. An inter-group comparison was done using 

Tukey’s post-hoc test. It was seen that there was a significant difference in the bone 

gain when autograft was compared to alloplast (p=0.041). For all other comparisons, 

no difference could be detected. (Table 5) 

 There was no statistically significant correlation between the amount of gap 

(between graft and implant) with amount of bone level at follow-up. 

 

 Of the 55 implants that were placed in grafted sinuses, 5 implants failed at the 

time of restoration. Of the failed implants, 2 were in autogenous + alloplast, 1 in 

xenograft, 1 in autogenous + alloplast and 1 in alloplast. No correlation could be seen 

between implant failure and type of graft used. Complications (membrane tear, failure 
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to replace bony window, infection etc.) were seen at 11 out of the 55 sites. . 

 

Table.3: Mean duration of follow up, mean patient age, Gender distribution, 

Percentage of failure (failure rate), Type of graft used, complication, stage of surgery. 

S.No.  
Number 

of sites 
Percentage 

1 Gender 

Male 28 50.9 

Female 27 49.1 

 

2 

 

Graft used 

Autograft 10 18.2 

Auto+Alloplast 

(NB) 
15 27.3 

Xenograft 13 23.5 

Auto+Xeno 3 5.5 

Alloplast 14 25.5 

3 Complication 

Complication 11 20 

No complication 44 80 

4 
Stage of 

surgery 

Simultaneous 

implant 
2 3.6 
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2 stage implants 53 96.4 

5 Failure 

Failure 5 9.1 

Success 50 90.9 

Mean (SD) age of patients= 48.09 (12.61) years 

 Mean duration of follow-up= 7.15 (2.57) months 

 

Table.4: Comparison between Bone heights at different time points. (Repeated 

measures ANOVA) 

T
im

e 
P

er
io

d
 

Mean 

bone 

height 

(mm) 

Std. 

Erro

r 

95% CI Pairwise comparison  

mean diff (p-value) 

Baseline Immediately Re-entry Follow-up 

B
as

el
i

n
e 

2.40 0.17 2.07-

2.73 

 -11.27 

(0.0001)** 

-10 

(0.0001)** 

-9.66 

(0.0001)** 

Im
m

ed
ia

te
ly

 

13.67 0.27 13.13-

14.21 

-11.27 

(0.0001)** 

 1.27 

(0.0001)** 

1.62 

(0.0001)** 

R
e-

en
tr

y
 12.40 0.18 12.04-

12.77 

-10  

(0.0001)** 

1.27 

(0.0001)** 

 0.35 

(0.016)* 

F
o
ll

o
w

-u
p
 12.06 0.20 11.67-

12.45 

-9.66 

(0.0001)** 

1.62 

(0.0001)** 

0.35 

(0.016)* 

 

**p-value significant at 0.001 level   *p-value significant at 0.05 level 
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Table.5: Comparison of bone gain among various graft materials (One Way 

ANOVA) 

Type of graft Mean gain 

(SD) 

95% CI F  p-value 

Auto 11.3 (1.9) 9.93-12.66 3.084 0.024* 

Auto+Allo 

(NB) 

9.11 (2.09) 0.54-7.97 

Xeno 10.04 (1.96) 8.85-11.23 

Auto+xeno 8.23 (1.76) 3.86-12.61 

Alloplast  8.97 (0.46) 7.98-9.97 

 

Table.6 Inter-group comparison using Tukey’s post-hoc test 

 

 Mean Difference Std.Error P-value 

A
u
to

 

Auto+Allo (NB) 2.17 0.78 0.058 

Xeno 1.25 0.81 0.537 

Auto+xeno 3.06 1.27 0.128 

Alloplast 2.32 0.79 0.041* 
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A
u
to

+
A

ll
o
 (

N
B

) 

Auto -2.17 0.78 0.058 

Xeno -0.92 0.73 0.715 

Auto+xeno 0.89 1.22 0.949 

Alloplast 0.15 0.71 1 

X
en

o
 

Auto -1.25 0.81 0.537 

Auto+Allo (NB) 0.92 0.73 0.715 

Auto+xeno 1.81 1.23 0.589 

Alloplast 1.07 0.74 0.604 

A
u
to

+
x
en

o
 

Auto -3.06 1.27 0.128 

Auto+Allo (NB) -0.89 1.22 0.949 

Xeno -1.81 1.23 0.589 

Alloplast -0.74 1.22 0.974 

A
ll

o
p
la

st
  

Auto -2.32 0.79 0.041* 

Auto+Allo (NB) -0.15 0.71 1 

Xeno -1.07 0.74 0.604 



RESULTS 

 
34 

Auto+xeno 0.74 1.22 0.974 

*p-value significant at 0.05 level 
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 The process of alveolar ridge resorption remains the main obstacle to 

rehabilitation of posterior maxillary arches with osteointegrated of dental implants. 

With tooth loss the alveolar ridge in posterior maxilla not only undergoes resorption 

but, also the maxillary sinus pneumatization that occurs renders the residual ridge 

devoid of the minimal bone hight that is needed to place an implant. These changes that 

occur in the maxillary posterior arch post dental extraction, will warrant sinus lift 

augmentation procedures to achieve minimum ridge height.28 

 In edentulous or partially edentulous maxilla the need for increasing the volume 

of bone to appropriately effect the placement of implant has given rise to various sinus 

augmentation procedures.16 

 The classical approaches to sinus lift are performed with the aim that a space 

created by elevating the sinus membrane can be filled with bone graft materials. To 

some extent the success of sinus floor elevation depends on the evaluation of the 

morphology of inner aspect of maxillary sinus. Although complete osteotomy 

technique or trans-crestal technique would be recommended in maxillary sinuses with 

extreme medio-lateral width since, in border sinuses where a hinge osteotomy is 

performed the trap door may not meet the inserted implant when pushed inward and, 

in narrower sinuses the rotation of the trap door might not be possible at all. Thus, the 

medio-lateral sinus width determination plays a key role in determining the type of 

approach.38 

 A hierarchy of treatment selection for augmentation of maxillary sinus was 

developed by P. Fugazzotto in 2003.58 
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• If buccal and/or palatal ridge augmentation is necessary to effect ideal implant 

placement, lateral window sinus augmentation therapy is carried out with 

concomitant ridge augmentation therapy. If the procedure results in at least 

4mm supporting bone circumferentially then the implants can be placed in same 

setting or otherwise in a staged manner. 

• If buccal and/or palatal ridge augmentation are not necessary and less than 4mm 

of alveolar bone is present, then lateral window approach is utilised.  

• If adequate bone is present determined by a formula 2x-2 (where x is the amount 

of bone coronal to the sinus floor preoperatively), which needs to be sufficient 

to house the desired implant dimension. A trephine and osteotome approach is 

utilized to lift a core of bone, and the implant or implants is/are placed at the 

time of osteotome sinus augmentation. 

• If adequate bone is not present determined by a formula 2x-2 but adequate 

determined by the formula 4x-6, sinus augmentation is done through the 

utilization of osteotomes, and trephines and implant placement is delayed. 

• If 2x-2 and 4x-6 are both insufficient lengths for the desired implant in each 

clinical situation, lateral approach sinus augmentation therapy is carried out 

with staged implant placement.58 

 

 Fouad et.al., in 2018 showed that maintaining the space beneath the 

Schneiderian membrane after it has been created by sinus lift procedure by volumetric 

stabilization is considered most important factor that influences the bone formation. 

Use of xenografts helped to maintain the same owing to its slow resorption 

characteristics, unlike in test group where stabilization mainly relied on formation of 
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blood clot around the installed implant along its entire length. Also, significantly 

improved bone formation was observed with xenograft group with respect to its 

quantity and quality as well.31 

 Ideal grafting materials should be osteogenic (stimulate surviving osteoblast to 

form new bone), osteoconductive (serve as scaffold for ingrowth of vessels from 

neighbouring bone), osteoinductive (make pluripotential mesenchymal cells 

differentiate into osteoblasts). All these requirements are met by autogenous bone graft 

which is the “gold standard” among grafting materials. Harvested either locally 

(intraoral sites) or distantly (iliac crest etc.,). Although, autogenous bone grafts require 

surgical exposure of another site for harvest and have their limitations in terms of 

available quantity. Bone substitutes on the other hand are available in unlimited amount 

and can be used in combination with autogenous bone, while sparing additional surgery 

for harvesting autogenous bone graft.39 

 Bone substitute biomaterials can be categorised into allogenous (transplanted 

from same species), xenogenous (transplanted from different species), and alloplastic 

(synthetic materials). These bone substitutes must be biocompatible and at least be 

osteoconductive and capable of undergoing physiologic remodelling to yield functional 

osseointegration of dental implants.39 

 Although autogenous bone has high osteogenic properties and provides 

osteoprogenitor cells while disposing osteoinductive factors but, are more prone to high 

resorption rates with up to 49.5% of bone loss in after about six months of sinus 

augmentation. Moreover, it’s also associated with donor site morbidity.40 

 Demineralized freeze-dried bone is an allograft which exhibits osteoinductive 

and osteoconductive properties however it has been stated that it generated 
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unpredictable bone formation and newly formed bone is of lower quality and quantity.40 

 Various methods are used to treat allogenic bone grafts like freezing, gamma 

radiation and ethylene oxide, although the risk of transmitting virus will always be a 

potential hazard especially hepatitis-B, C and HIV (about 25 cases have been reported 

till now). Moreover, while these methods sterilize the grafts, they also remove 

osteoinductive proteins and other factors. Absence of osseointegration when examined 

radiographically can also be expected in up to about 17% of cases.41 

 Xenografts such as bovine bone mineral and alloplasts like hydroxyapatite have 

been increasingly used in the past decade. These are either used alone or in combination 

with autogenous bone (particulate or blocks).40 

 Bio-Oss®(Geistlisch Pharmaceutical,Wolhusen, Switzerland) is a xenograft 

made of deproteinized bovine bone marrow, very similar to human cortical bone 

marrow. It has excellent osteoconductive properties.42 Moreover, studies have showed 

that Bio-Oss degrades at a very slow rate which is about 3 to 4 years.36,43 Several studies 

have proved it to be at par with other bone substitutes while providing an efficacy of as 

much as 80-100%, almost as effective as autogenous bone graft.43,44 Therefore use of a 

slow resorbing bone substitute that has excellent osteoconductive abilities will result in 

a favourable long term survival outcomes of implants. 

 Ceramic compounds like calcium phosphate (CaP0, tricalcium phosphate 

(TCP) and hydroxyapatite (HA) are also highly sought. They have excellent 

biocompatibility, osteoconductive activity and biodegradable (9,24,25)7. HA is very 

similar to bone mineral phase and degrades slowly over period of 1 to 2 years.36 TCP 

on the other hand degrades very fast.45 Bioactive glasses and ceramics are most 

promising synthetic ceramics.46  
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 The BoneCeramic®(Straumann®, Basel, Zwitzerland) is biphasic CaP (BCP), 

it is formed by combination HA 60%wt and 40%wt of TCP-B. Studies have shown in 

peri-implant defects, this material demonstrated regenerated bone to be very similar in 

characteristics, similar to native bone. Although, bioactive ceramic exhibits improved 

mechanical properties, but it remains brittle enough to fracture when subjected to 

loading.46 

 

 The goals of sinus elevation are 3-fold, that is formation of vital bone in the 

pneumatized sinus, implant integration and when placed under functional load its 

outcomes on long-term survival.45 

 The outcome of implant survival in grafted sinus have been favourable to those 

reported in implants placed in pristine bone in non-grafted posterior maxilla (60-70%). 

A 3-year Veterans Administration study reported 97.5% survival rate for 120 implants 

placed in grafted sinuses when compared to 90.3% survival of 453 implants placed in 

non-grafted sites.45  

 A published data from Academy of Ossteointegration Sinus Consensus 

Conference of 1996 by Jensen et al. included meta-analysis of data collected from 38 

surgeons, which included 1007 sinus graft procedures with 2997 implants placed with 

minimum of 3-year follow-up. The overall survival was reported to be 90%. However, 

this data which was sourced from published and unpublished studies was not included 

in a system review conducted by Wallace et al. in 2003.45 

 Wallace et al. in 2003 compared 43 studies of which 3 were randomised control 

studies (RCTs), 5 were controlled trails (CTs), 12 case series (CS), 23 retrospective 
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analyses (RA), 34 were lateral window intervention and 5 were osteotomy intervention 

with minimum of 1-year post-loading follow-up. Their meta-regression analysis 

suggested that implant survival rate in augmented sinus with lateral window approach 

ranged between 61.7% and 100% with average of 91.8% 8. When compared between 

graft materials implants placed in particulate grafts had higher survival rate (92.3%) 

then implants placed in block grafts (83.3%). Utilization of grafts consisting of 100% 

autogenous bone or combination of bone substitute with autogenous bone composite 

did not affect the implant survival.45 

 Application of resorbable or non-resorbable membranes to shield the 

augmented area supplementarily to prevent soft tissue encleftation has also been proven 

effective. These membranes provide guides bone regeneration (GBR) and may increase 

the amount of newly formed bone.47,48,49 On the other hand, application of membrane 

may result in lower vascular supply and increased risk of infection.50 Furthermore, non-

resorbable membranes will need to be removed warranting the need of second 

surgery.49 

 

 In the present study of the 53 sites of implant placement, all the sites of implant 

placement had undergone sinus lift augmentation with grafting and only 2 of which 

received simultaneous implant placement in first surgery. The mean follow-up period 

post implant loading was 7.15 months (3 to 11 months). 

 The bone gain height was evaluated at baseline with mean of 2.4mm, 

immediately after sinus augmentation with mean 13.67mm gain in bone height and at 

point of re-entry during second stage a mean of 12.4mm and at end of follow-up mean 

bone gain had reduced to 12.06mm (table 2). The data extrapolated from table 2 shows 
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significant bone gain in all the groups between baseline and immediate post sinus 

augmentation surgery, although reduction in mean bone gain of 1.27mm (P-value 

0.0001) was noted at re-entry time point and 1.61mm (P-value 0.0001) at follow-up 

period, which was not very significant compared to immediately after augmentation 

surgery. The mean reduction in bone gain from the time of re-entry till follow up was 

about 0.34mm which is less significant (P-value 0.016). The reduction in bone height 

from the time of grafting to the follow-up stage is expected as the bone graft settles 

down and later matures along with the new native bone. But eventually the regenerated 

bone height should remain stable over a long term. 

 The sinuses were grafted with either autograft (10 sites), xenograft (13 sites), 

autograft with xenograft (3 sites), auto graft with alloplast (15 sites) or alloplast alone 

(14 sites) (table 1).   

 The mean gain in bone height among various grafts and their combination was 

as follows; autograft showing the highest mean bone gain 11.3, followed by xenograft 

when used alone 10.4. Autograft when used along with xenograft produced inferior 

mean bone gain compared to alloplast alone i.e., 8.23 against 8.97 respectively although 

very in-significant (P-value 0.974) (table 3). The mean bone gain when comparing 

autograft alone with xenograft, there was no significant difference (P-value 0.537) and 

autograft proved to be significantly better compared to alloplast alone (P-value 0.041) 

(table 4). The use of xenograft alone provided favourable bone gain when compared to 

autograft alone and better than any other bone substitute or combination of the same.  

 The maximum amount of bone gain was observed in a grafted site of 

autogenous bone, although the same site observed very significant amount of bone loss 

during the time of re-entry (18.4 to 10). This could have been due to the reason that as 
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discussed earlier autografts are known to resorb at a faster rate and combined with 

complication of sinus membrane perforation that was encountered during sinus 

augmentation procedure. Also, due to the inherent osteogenic potential of the 

autogenous bone, there may have been a significantly higher bone gain as compared to 

the alloplast group (p=0.041). 

 A comparative histologic and histomorphometric study by Scarano et al.in 

2006, revealed that apart from autogenous bone Biocoral ®, calcium sulphate, and Bio-

Oss ® showed slightly higher percentage of bone formation than compared to 

autogenous.51 

 Another study by Ozyuvaci et al. in 2003, evaluating maxillary sinus grafting 

materials radiologically and histomorphometrically observed that, the collapse of sites 

grafted with synthetic materials was more severe compared to those grafted with 

autogenous bone of bovine bone substitutes. They observed about 0.94mm, 1.00mm, 

1.49mm and 1.50mm of bone loss for deproteinized dried cadaveric allogenous bone, 

bovine hydroxyapatite, and beta tricalcium phosphate respectively. Although when 

baseline and 6-8 months healing period data was compared no statistically significant 

differences were noted in bone height gain between the 4 materials at respective time 

points, but all the 4 materials resulted in significant bone gain between the time points.52 

 In the present study least amount of bone gain was observed in sites augmented 

with alloplastic alone, although not very significant when compared to use of xenograft 

alone and all these sites including sites grafted with both kinds of bone substitutes were 

associated with sinus membrane perforation at the time of sinus augmentation surgery. 

 Overall, it was observed that use of xenograft alone provided a much stable 

results in bone gain between immediate post sinus augmentation and at the time of re-
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entry when compared with use of autogenous bone graft alone. This is in accordance 

with what is discussed earlier those xenografts have a very slow resorption rate of 3 to 

four years, when compared to autografts that undergo up to 49.5% resorption with 6 

months. 

 

 Of the total 5 implant failures, 3 were in autogenous + alloplast graft sites, 1 in 

xenograft and 1 in alloplast grafted sites. With overall survival rate 90.56% at mean 

follow-up of 7.15 moths. 60% of the failures occurred in sites grafted with autogeous 

and alloplast combination.  

 Overall, incidence of complication in this study was reported in 11 cases, all of 

which were related to sinus membrane perforation. Although which did not 

significantly affect bone loss between immediate and re-entry time points, except in 

cases where only autograft was placed. 

 A study by Schwartz et. al. in 2014, described the prevalence of surgical 

complications of the sinus graft procedure and their impact on implant survival 

perforation of the schneiderian membrane was the major intraoperative complication, 

observed in 36 of the 81 sinuses (44%). Of the 70 patients, seven (10%) suffered from 

postoperative complications, specifically related to the sinus graft procedure, which 

included an uncommon cyst formation and an infection. Membrane perforations were 

strongly associated with the appearance of postoperative complications (specific and 

nonspecific to the procedure) (P <0.001). However, no association was found between 

membrane perforations or postoperative complications and implant survival.45 

 In a review by Joongmin et al. in 2019, perforation or tear of maxillary sinus 
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membrane were the most encountered complications (60%) of sinus lift augmentation 

procedures. Pre-existing sinus membrane perforations and pathologies preclude the 

sequalae of sinus membrane tears. Smaller perforations of ≤ 5mm, did not significantly 

affect the survival of implants with a survival rate of 97.14%. However, the survival 

rate dropped to 91.89% in case of perforations > 5mm and < 10mm, while it was 

significantly poor in cases with perforation of > 10mm with implants survival rate of 

74.14%. Other complications reported were infection (21%), bleeding (9%), migration, 

benign paroxysmal positional vertigo.53 

 The anatomic characteristics of the maxillary sinus have a critical impact on the 

outcomes of sinus floor elevation. The success of sinus floor augmentation, to some 

extent, depends on the evaluation of the inner aspect of the maxillary sinus. The 

presence of anatomic variations within the maxillary sinus such as sinus septa, sinus 

floor convolution, and thin Schneiderian membrane can complicate membrane 

elevation and decrease the success of sinus floor augmentation.46,45,27 

 The medio-lateral width of sinus determines the extent of dissection of sinus 

membrane in the lateral approach, wider the sinuses pose a greater complexity of the 

procedure yielding to an unforeseeable intraoperative complication.38 

 Anatomic variations in the maxillary sinus such as presence of septa, sinus floor 

elevation and this Schneiderian membrane all of which are critical in assessment for 

sinus lift augmentation procedure and potentially impact the outcomes of the procedure 

while leading to complications. CBCT is a valuable tool for assessment for sinus 

morphology as well as estimating the desired graft volume.27 

 Schneiderian membrane perforations accounts for about 7% to 35% of all 

intraoperative complications. Post operative complications such as bleeding, acute or 
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chronic sinus infections wound dehiscence, exposure of barrier membrane and graft 

loss are less common.54 

 A systematic review by Luis et al., in 2021 which reviews 7 articles, concluded 

that the following procedures for the repair of sinus lift perforations were adequate for 

implant survival:  

• Perforations smaller than 5 mm can be treated by folding the membrane itself 

or with resorbable sutures. 

• When perforations are between 5 and 10 mm, the most widely recommended 

treatment is by means of a slow-reabsorbing collagen membrane, which allows 

it to regenerate while facilitating closure of the communication. Adjuvant 

treatment may include the use of a resorbable haemostatic agent or resorbable 

suture or PRF. PRF activates the vascular system and promotes angiogenesis. 

As PRF has high strength due to its fibrin network, it can prevent graft particles 

from escaping into the sinus. 

• In perforations up to 10 mm, it is thought possible to continue the MSFA 

(Maxillary sinus floor augmentation) procedure and even to place implants 

simultaneously. 

• When perforations greater than 10 mm occur, laminar bone and a slow 

resorption collagen 

• membrane should be used in combination. In this case, it is advisable to place 

implants at a later stage.55 

 Combination of grafts for sinus lift in the present study mostly included 

autogenous bone graft with allogenous bone substitute and autogenous bone graft with 

xenografts. Although autogenous bone graft when used alone produced highest amount 
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of mean bone gain, it was not significantly more compared with xenograft alone (P-

value 0.537) or autogenous bone graft with xenograft composite (P-value 0.128), but 

significantly better when compared with alloplast alone (P-value 0.041). Xeno-graft 

alone when used produced comparable results to combination of autogeous bone graft 

(P-value 0.537). 

 Interestingly in all the cases where autograft was used alone, and sinus 

perforation had occurred, there was significant bone loss at re-entry when compared to 

the sites which had similar complications and where xenograft alone was used.  

 Overall, the combination of autograft with xenograft or only the use of only 

xenograft, yielded very promising results that remained stable throughout the follow-

up without significant bone loss. This is in accordance with a study by Froum et. al., in 

1998 where he demonstrated similar implant survival rates when compares with 

xenograft alone with or without autograft with 98.2% survival rate. Similarly, Hising 

et. al., reported a much higher survival rate of 92.2% in sinus grafted with xenograft 

alone compared with 77.2% survival rate in sinus grafted with composite of autogenous 

bone. Another study by Hallman et. al., in 2002 showed 82.4%, 94.4% and 96% implant 

survival rates of sinuses grafted with autogenous bone graft alone, 20/80 

autogenous/xenograft combination and xenograft alone, respectively.54 

 It can modestly be interpreted by the above available data, that the trend is 

slowly moving towards use of bone substitutes specially xenografts alone for sinus 

augmentation or in combination with autogenous bone when easily available, all of 

which provided favourable results in bone height gain, as well overall implant survival 

and the amount of bone level at follow up 
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• The bone augmentation improves in primary implant stability, promote 

osseointegration, prevent overloading and provide long-term implant success 

• Comparing Bone height measurement was significantly higher after 

immediately sinus lift when compared with baseline and follow-up. 

• Significant higher bone gain was observed in combined autograft with alloplast 

compared to alloplast alone. 
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 The objectives of the present study to assess the amount of bone around the implant 

placed after direct sinus lift procedure using Cone- Beam Computerized Tomography Scan at 

baseline and 6 months, to assess the amount of bone around the implant placed after direct 

sinus lift procedure with grafting. 

 Retrospective study which included patients who underwent direct sinus elevation 

surgery at the Department of oral implantology in SDM University hospital, between 2019-

2021. 23 Patient enrolled in study CBCT scans of the maxilla of healthy patients showing the 

complete base of the lower third of maxillary sinus. Inclusion criterion stated that patients 

had been scanned by CBCT at baseline. Furthermore, all included patients who had received 

implant placement and had a residual bone height under the maxillary sinus of 6 mm or less 

in at least one implant position. Analysis of bone height on CBCT is done in the edentulous 

site, a horizontal line was drawn joining the mesial and distal alveolar crest tooth, then a 

perpendicular line was drawn to base of Schneiderian membrane (floor of sinus) from the 

crest of the residual alveolar bridge. The liner distance from the most tip of edentulous 

alveolar crest to floor of maxillary sinus perpendicular to the above stated horizontal line was 

measured and labelled has ‘Residual bone height’ prior sinus floor augmentation. The per-

implant volumes (Height of bone) from T0-CBCT(baseline), T1-CBCT(Immediate after graft 

placement), T2- CBCT(At follow up at 6months,Reentry) of the same patient were compared 

to compare the total bone gain.  

 Comparing Bone height measurement was significantly higher after immediately 

sinus lift when compared with baseline and follow-up. Comparison of mean bone gain, where 

done between various types of graft. Overall, comparison by Anova shows the significant 

difference in bone gain when compared between various graft typed. Significant higher bone 

gain was observed in combined autograft with alloplast compared to alloplast alone. The 
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presented methodologies show potential for future application in research areas evaluating 

volumetric changes in CBCT images, such as comparison of grafting materials or surgical 

strategies. 
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45 M 6 3 14 13 12 4.2X11.5 

4 

35 F 11 3.62 14 12 10 4.6X10.5 

35 F 11 4 13.9 12 14 4.6X10.5 

5 

42 F 9 2.8 13.2 13 10 4.6X12 

42 F 9 4.2 13.2 13 11 4.6X12 

6 

68 M 9 4.2 12 12 12 4x12 

68 M 9 4.2 12 12 12 4x12 

7 

52 m 7 1.2 16 14 14 4.6x12 

52 m 7 1.2 16 14 14 4.6x12 

8 

38 f 8 0.5 14.1 14.1 13 4.6x12 

38 f 8 0.5 14.1 14.1 13 4.6x12 
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9 

45 m 8 1.5 15.1 14 14 4.2X13 

45 m 8 2 17.4 15 15 4.2X13 

45 m 8 1.5 15.1 14 14 4.2X13 

45 m 8 2 15.1 14 14 4.2X13 

45 m 8 2 17.4 15 15 4.2X13 

10 

50 m 3 4 13 12 11 3.8X12 

50 m 3 4.2 14 12 11 3.8X12 

11 

58 m 3 3.4 13 12 12 3.8x12 

58 m 3 3.4 13 12 12 3.8x12 

12 42 f 4 1.2 9.8 9 8.5 4.2X11.5 

13 

52 m 8 1.4 10 12 12 5.7X12 

52 m 8 2.1 13 12 12 5.7X12 

14 

28 m 10 3.1 12 12 11 4.0x12 

28 m 10 4.1 12 12 11 4.0x12 

28 m 10 4.1 12 12 11 4.0x12 

28 m 10 2 12 10 11 4.0x12 

15 

65 f 6 5.1 14 12 12 4.2X11.5 

65 f 6 4.3 14 12 12 4.2X11.5 

16 

24 f 5 2 9.2 9 9 4.2X10 

24 f 5 2 9.2 9 9 4.2X10 

17 

25 f 6 1.1 13.7 13 13 4.2x11.5 

25 f 6 4.2 15.5 14 14 4.2X11.5 

18 

62 f 10 2.1 16 13 13 4.6X12 

62 f 10 2.8 17.2 12 11 4.6X12 



ANNEXURES 

 
60 

62 f 10 1.5 18.4 10 10 4.6X12 

62 f 10 1.4 18 13 13 4.6X12 

19 

62 f 9 1.2 14 13 12 4.2X11.5 

62 f 9 1.2 14 13 12 4.2X11.5 

20 

48 m 3 1.3 13 12 12 4.2x11.5 

48 m 3 1.2 12 12 13 4.2x11.5 

48 m 3 2.1 12 12 12 4.2x11.5 

21 

43 f 4 4 13 12 12 4.0X12 

43 f 3 2.4 11 10 9 4.0X110 

43 f 3 2.4 14 13 12.5 4.0X110 

22 

63 f 9 1.2 16 13 12 4.6x12 

63 f 9 2.2 13.7 13 12 4.6x12 

23 53 f 6 2 14 12 12 4.2x11.5 
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S
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1

=
1

 s
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 2
=
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1 

 

1 2  2 6  

1 2  2 6  

2 

 

1 3  2 12  

1 3 1 2 12  

3 

 
1 1  2 5  
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1 1  2 5  

1 1  2 5  

1 1  2 5  

4 

 

1 2 1 2 12  

1 2 1 2 12  

5 

 

1 2  2 4 1 

  

1 2  2 4  

6 

 

1 5  2 5  

1 5  2 5  

7 

 

1 3  2 8  

1 3  2 8  

8 

 

1 2  2 4  

1 2  2 4  

9 

 

1 1  2 6  

1 1  2 6  

1 1  2 6  

1 1  2 6  

  

1 1  2 6  

10 

 

1 2  1 7 1 

1 2  1 7  

11 

 

1 2  2 8  

1 2  2 8  

12 1 1 1 2 9  

13 

 
1 3 1 2 8  
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1 3  2 8 1 

14 

 

1 3 1 2 6  

1 3  2 6  

1 3  2 6  

  

1 3 1 2 6  

15 

 

1 5  2 12  

1 5  2 12  

16 

 

1 5  2 7 1 

1 5 1 2 7  

17 

 

1 3  2 6  

1 3  2 6  

18 

 

1 5  2 8  

1 5  2 8  

1 5 1 2 8  

1 5 1 2 8  

  

19 

 

1 5  2 6  

1 5  2 6  

20 

 

1 2  2 6  

1 2  2 6  

1 2 1 2 6 1 

21 

 

1 4  2 6  

1 4  2 6  

1 4  2 6  

22 1 5  2 6  
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1 5  2 6  

23 1 3  2 6 
   

 


