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Maxillary sinus augmentation utilizing Xenograft, Bichat`s fat pad tissue and low-level light 

therapy – cone beam computed tomography and resonance frequency analysis results of a 

prospective randomized clinical study 

 

Аугментација максиларног синуса са употребом ксенографта, ткива Бихатовог масног јастучета и 

терапије светлошћу ниског интензитета – резултати проспективне рандомизоване клиничке студије 

компјутеризоване томографије конусног снопа и радиофреквентне аблације 

 

SUMMARY 

Introduction/Objective Dental implant 

placement in the posterior maxilla may be often 

hard to achieve because of insufficient bone 

volume and the presence of a highly 

pneumatized maxillary sinus. In these situations, 

sinus floor augmentation frequently has been 

proposed as the treatment possibility, 

conventionally performed utilizing xenograft 

materials.  

This research aims to study whether fragmented 

fat tissue from the Bichat’s fat pad mixed with 

bovine-derived bone yields better results than 

the use of bovine-derived bone alone in 

maxillary sinus augmentation. The secondary 

aim was to evaluate the influence of Low-Level 

Light Therapy (LLLT) on bone regeneration in 

patients treated with fragmented fat tissue mixed 

with bovine-derived bone.  

Methods Six patients were included in the 

study, 12 maxillary sinus augmentation 

procedures were performed and patients were 

randomly assigned into 3 groups. Six months 

after surgery a CBCT bone density analysis was 

performed and Resonance Frequency Analysis 

(RFA) was performed on 12 placed implants.  

Results Bone density results yielded notable 

differences in Hounsfield Units, with 

experimental groups (499.94 ± 88.43) 

resembling natural bone more when compared 

with the control group (674.57 ± 217.12). RFA 

data shows that the results exhibit a degree of 

comparability or moderately better stability in 

the experimental groups (56.88 ± 6.03) 

compared to the control group (53 ± 20.12).  

Conclusions The given Hounsfield Units and 

RFA analysis serve as clear indicators of the 

substantial potential of fragmented fat tissue and 

xenograft mixture in maxillary sinus 

augmentation, by its complete integration and 

provision of significant stability to the inserted 

implants. Xenograft mixed with Bichat’s fat pad 

tissue may represent an important novel entity in 

the field of bone regeneration. 

Keywords: novel graft; bone regeneration; fat 

tissue; low-level light therapy 

САЖЕТАК 

Увод/Циљ Уградња денталних имплантата у ре-

гији постериорне максиле може представљати 

изазов услед честе појаве недовољног волумена 

кости и присуства високо пнеуматизованог мак-

силарног синуса. У оваквим ситуацијама аугмен-

тација максиларног синуса се препоручује као те-

рапијски модалитет, и конвенционално се изводи 

помоћу ксеногених материјала. Циљ овог истра-

живања је анализа резултата употребе фрагмен-

тисаног масног ткива Бихатовог масног јастучета 

у комбинацији са коштаним замеником говеђег 

порекла, у односу са употребу само коштаног за-

меника говеђег поријекла, код аугментације мак-

силарних синуса. Секундарни циљ студије је ева-

луација утицаја терапије светлошћу ниског инте-

нзитета на регенерацију кости код пацијената тр-

етираних фрагментисаним масним ткивом у ком-

бинацији са коштаним замеником. 

Методе Шест пацијената је укључено у студију, 

учињено је 12 аугментација максиларних синуса 

а пацијенти су насумично распоређени у 3 групе. 

Шест мјесеци након хирургије урађена је компју-

теризована томографија конусног снопа густине 

кости и анализа резонантне фреквенције (РФА) 

12 уграђених имплантата.  

Резултати Резултати анализе густине кости пока-

зали су значајне разлике у Хоунсфиелд јединица-

ма (ХУ), са вриједностима експерименталне гру-

пе (499.94 ± 88.43) које су више сличне вредно-

стима природне нативне кости, у поређењу са 

вредностима контролне групе које су више 

(674.57 ± 217.12). Анализа резонантне фреквен-

ције имплантата показала је сличне вриједности 

контролне групе (53 ± 20.12) и експерименталних 

група, са благо вишим нивоом стабилности им-

плантата код експерименталних група (56.88 ± 

6.03). 

Закључак Дате ХУ и РФА анализе су јасни ин-

дикатори значајног потенцијала употребе комби-

нације фрагментисаног масног ткива и ксеноге-

ног коштаног замјеника код аугментације макси-

ларних синуса, демонстрирајући комплетну инте-

грацију и прижање значајне стабилности уграђе-

ним имплантатима. Фрагментисано масно ткиво 

у комбинацији са ксенографтом може 

представља-ти значајан нови ентитет у области 

коштане регенерације. 

Кључне речи: нови графт; регенерација кости; 

масно ткиво; терапија светлошћу ниског 

интензитета 
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INTRODUCTION 

Implant placement in the posterior maxilla may be often hard to achieve because of insufficient 

bone volume and the presence of a highly pneumatized maxillary sinus. In these situations, 

sinus floor augmentation frequently has been proposed as a treatment possibility. Grafting the 

floor of the maxillary sinus has emerged as the most common surgical modality for correcting 

this inadequacy. This technique, first published in 1980 by Boyne and James[1] and 

subsequently modified by other clinicians, can result in an increase in bone height that allows 

the placement of implants of conventional length in the grafted sites. Crestal sinus lift involves 

accessing the maxillary sinus through the alveolar crest, typically via the implant osteotomy 

site, to elevate the Schneiderian membrane and place a bone graft material. This technique is 

suitable for cases with minor to moderate bone deficiency. Lateral sinus lift is a surgical 

procedure designed to increase bone height in the posterior maxilla when there is significant 

bone loss. This technique involves creating a lateral access window in the maxillary sinus wall 

to elevate the Schneiderian membrane and place a bone graft material. As surgical treatment 

was modified, with time and concomitant improved insight into technology and regenerative 

medicine, grafting materials were also modified. Various surgical techniques and biomaterials 

have been developed to make possible the successful placement of dental implants in resorbed 

alveolar bone, and multiple bone grafting techniques including natural and synthetic graft 

materials have been tested for this purpose. The process of osteogenesis has been described as 

the direct transfer of vital cells to the area that will regenerate new bone. Osteoconduction 

embraces the principle of providing the space and a substratum for the cellular and biochemical 

events progressing to bone formation. The space maintenance requirement for many of the 

intraoral bone augmentation procedures allows the correct cells to populate the zone of focus. 

Osteoinduction embodies the principle of converting pluripotential, mesenchymal-derived 
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cells along an osteoblast pathway with the subsequent formation of bone. With this in mind, it 

is imperative to design and employ a graft with a significant and optimal regenerative potential.  

Fat tissue characterization and subsequent utilization in tissue reconstruction have been found 

in the contemporary literature. Adipose tissue contains a multipotent cell population with 

similar properties, although not identical, to those of marrow-derived mesenchymal stem cells 

(MSCs).[2] Adipose-derived stem cells are shown to be pluripotent in-vitro as well as in-

vivo[3], and utilization of whole fat tissue is also shown to produce bone in critical size bone 

defects.[4] 

This research aims to study whether fragmented fat tissue from the Bichat’s fat pad mixed with 

bovine-derived bone yields better results than the use of bovine-derived bone alone in maxillary 

sinus augmentation. Additionally, a secondary objective was to examine the effect of low-level 

light therapy (LLLT) to investigate its potential enhancement of bone regeneration. 

 

METHODS 

Before commencement, this study received approval from the Ethical Committee of the School 

of Dental Medicine, University of Belgrade (Approval No. 36/11). The research adhered to the 

principles outlined in the Declaration of Helsinki. The investigation was conducted at the 

Department of Maxillofacial Surgery and the Department of Periodontology and Oral 

Medicine, School of Dental Medicine, University of Belgrade. Patient inclusion, surgical 

procedures, data collection, and analysis were carried out in two years period (June 28th, 2022. 

- June 28th, 2024).  

All patients were informed about the study/surgical protocol and provided their informed 

consent for participation in the study. The study sample comprised patients who presented at 
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the School of Dental Medicine, University of Belgrade, for implant rehabilitation and were 

diagnosed with partial edentulism with atrophy of the posterior maxilla. Unilateral and bilateral 

atrophy cases were included. The inclusion criteria were the presence of a periodontally healthy 

frontal maxillary segment due to utilization of a computer-guided system, and a residual bone 

height of 1-4 mm in the posterior maxilla. Six patients (1 female and 5 males, age ranging from 

– to –) were included in this study. A total of 12 maxillary sinus augmentations were performed 

and 12 implants were inserted.  

Exclusion criteria were the following: acute or chronic sinusitis, active sinus or nasal infections, 

sinus membrane perforation during surgery, history of surgery in the sinonasal region, history 

of radiation therapy in the head or neck region, systemic diseases such as uncontrolled diabetes 

or autoimmune diseases, pregnancy or lactation and history of significant bone metabolic 

disorders. 

CBCT scans were performed before surgery, and patients were randomly assigned into three 

groups: 

Group 1 (control): maxillary sinus augmentation (n=4) using bovine-derived bone (Bio Oss, 

Geistlich Pharma AG, Wolhusen, Switzerland); 

Group 2 (Xenograft + fat tissue): maxillary sinus augmentation (n=4) using fragmented fat 

tissue mixed with bovine-derived bone (Bio-Oss, Geistlich Pharma AG, Wolhusen, 

Switzerland) in a 50:50 ratio;  

Group 3 (Xenograft + fat tissue + LLLT): maxillary sinus augmentation (n=4) using 

fragmented fat tissue mixed with bovine-derived bone (Bio-Oss, Geistlich Pharma AG, 

Wolhusen, Switzerland) in a 50:50 ratio, treated with 635 nm pulsing low-level light therapy 

(Repuls 7, Repuls Lichtmedizintechnik GmbH, Austria). 
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In all three groups, after maxillary sinus augmentation, the lateral bone window is covered with 

a collagen membrane (Bio-Gide, Geistlich Pharma AG, Wolhusen, Switzerland). 

Preparation of graft: 

Xenograft-Bichat’s fat pad mixture (Xenofat graft, XFG) was prepared utilizing fat tissue 

harvested from the Bichat's fat pad (Figure 1). This adipose tissue was obtained concomitantly 

with the flap used for the lateral sinus lift procedure (Figure 2), thereby minimizing additional 

morbidity. Fragments of fat tissue were meticulously excised from the Bichat's fat pad and 

subsequently washed with a physiological solution. Following this, the fat tissue was 

fragmented into smaller particles (Figure 3) and mixed in a 50:50 ratio with bovine-derived 

bone graft material.  The prepared mixture (Figure 4) was carefully placed within the maxillary 

sinus, positioned between the Schneiderian membrane and the floor of the sinus cavity, as part 

of the sinus augmentation procedure. 

 

Surgical procedure 

First stage 

Antibiotic prophylaxis (1 g of amoxicillin with clavulanic acid or 600 mg Clindamycin in cases 

of penicillin hypersensitivity) was prescribed to each patient, starting 1 hour before surgery. 

Dexamethasone (0,004 g) was administered subcutaneously before surgery. The surgical 

procedures are performed in the conditions of local anesthesia (Septanest, Septodont, France). 

All three groups underwent the sinus augmentation procedure using a lateral bone window 

approach (Figure 2). Surgical procedures in the first group include a conventional maxillary 

sinus augmentation procedure with the use of bovine-derived bone, while in the second and 

third groups, Xenograft + Bichat’s fat pad tissue was utilized for sinus augmentation. The 
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wounds were sutured with interrupted resorbable sutures. Patients from the third group are 

additionally treated with 635 nm low-level light therapy (Repuls Lichtmedizintechnik GmbH, 

Austria) in 5 sessions starting from the third postoperative day. 

Second stage 

Six months after maxillary sinus augmentation, CBCT scans were obtained and patients were 

scheduled for implant placement (Bone Level Tapered®, Institute Straumann AG, Basel, 

Switzerland). The CBCT scans were utilized to meticulously assess the available bone volume 

and quality in the posterior maxillary segment, as well as to plan the optimal implant position 

related to future prosthetic work (Figure 6 and Figure 7). A computer-guided system was 

employed to navigate the implants into the ideal positions. Customized surgical guides were 

fabricated and guided implant placement was performed in the posterior maxillary segment 

(Figure 5). Resonance frequency analysis of the placed implant was performed with the use of 

Penguin RFA device (Integration Diagnostics Ltd., Gothenburg, Sweden). 

 

CBCT bone density analysis: 

Six months after maxillary sinus augmentation, Cone Beam Computed Tomography (CBCT) 

scans were performed for dual objectives. Firstly, they were conducted to facilitate the precise 

planning of computer-guided implants (Figure 6). Secondly, the scans were utilized to analyze 

the bone density within the surgical site. The evaluation of bone density was conducted 

utilizing Planmeca Romexis analysis software. Within this software, a cubical region of interest 

(ROI) measuring 7x7x7 mm was delineated, resulting in a volume of 343 mm3. Cubical 

markings were positioned in bone regions where guided implant placement was subsequently 

planned. The bone density within this ROI was automatically quantified and expressed in 
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Hounsfield Units (HU), a standardized measure of radiodensity commonly used in radiographic 

imaging analysis (Figure 7).  

 

Statistical analysis 

The sample size was calculated based on the formula for determining the size of independent 

samples. Results are presented as mean ± standard deviation. Groups were compared using t-

test (two samples) or ANOVA (three samples). Correction for unequal variances was applied 

where appropriate. All p-values less than 0.05 were considered significant. All data were 

analyzed using SPSS 29.0 (IBM Corp.)  

 

RESULTS 

Notable differences in Hounsfield units across groups are present (Table 1). Specifically, the 

control group exhibited significantly higher Hounsfield units (674.57 ± 217.12) compared to 

the experimental groups (499.94 ± 88.43), which demonstrated Hounsfield unit values that 

were closer to those observed in natural native bone. Examination of Resonance Frequency 

Analysis (RFA) data shows that the results exhibit a degree of comparability or moderately 

better stability in the experimental groups (56.88 ± 6.03) compared to the control group (53.0 

± 20.12). 
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DISCUSSION 

Bone regeneration of the posterior maxilla remains a significant entity in implant-prosthetic 

rehabilitation due to the high prevalence of bone atrophy in this area. Placement of endosseous 

implants in patients with highly pneumatized maxillary sinus often requires a two-stage 

approach, the first stage being maxillary sinus augmentation, conventionally performed 

utilizing xenograft materials. Implementing effective bone regeneration strategies is crucial for 

ensuring the success and longevity of implant treatment, which is why continuous and 

persistent efforts are invested in investigating different graft materials, driven by the imperative 

to achieve biomimetic bone composition. Body-derived additives to graft materials, such as 

various forms of growth factors, including PRP, PRF, and PRGF; or mineralized tissues such 

as autologous bone and tooth-derived bone graft are frequently implemented in regenerative 

procedures [5, 6, 7]. 

Stem cell research is also, among other fields, focused on the need for bone regeneration in 

cranial, maxillofacial and oral surgery, especially because of the enormous social and 

psychological impact of bone defects in these regions. Stem cells are shown to be capable of 

differentiation under appropriate in vitro conditions to mesoderm-type cells, e.g. osteoblasts, 

adipocytes and chondrocytes.[8] This was also shown in clinical settings.[9] In clinical 

conditions, the accessibility of suitable cell sources is a critical consideration. An abundant 

tissue in most individuals and amenable to minimally invasive harvesting procedures is adipose 

tissue, which also emerged in the literature as a promising reservoir of stem cells.[10] Adipose 

tissue is readily accessible for clinical use via minimally invasive procedures, which is 

especially apparent in this study design since there was no additional morbidity in obtaining 

the Bichat’s fat pad tissue, whose stem cells were shown to have similarities in cell yield, 

morphology, and multilineage differentiation with other adipose-derived stem cells while 
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demonstrating faster proliferation and greater tendency of producing colonies.[11] Buccal fat-

pad-derived stem cells were used successfully in the treatment of large alveolar bone defects 

[12] as well as in the augmentation of the atrophic posterior mandible as an additive to 

xenogenic bone [13]. Adipose tissue was also utilized as unprocessed with success in 

experimental [14] as well as clinical[4], highlighting its efficiency and clinical applications. 

Based on HU analysis, fragmented Bichat’s fat pad tissue in this study showed contribution to 

achieving graft anatomy that closely aligns with natural bone anatomic structure, while at the 

same time providing high stability for implants. 

With the advancement of technology and science, various innovative approaches have emerged 

to stimulate tissue regeneration. Among these approaches, the utilization of light therapy has 

gained prominence [15]. Low-level light therapy, also known as photobiomodulation, 

encompasses a spectrum of techniques that harness the therapeutic properties of light to 

modulate cellular activities and promote tissue repair. This non-invasive modality involves the 

application of specific wavelengths of light to targeted tissues, where it interacts with 

chromophores within cells, initiating a cascade of biological responses. Through mechanisms 

such as photobiomodulation, light therapy has been shown to enhance cellular metabolism, 

accelerate wound healing[16, 17], reduce inflammation, and promote angiogenesis [18, 19] and 

collagen synthesis [20, 21]. Moreover, light therapy offers versatility in its application, with 

various modalities that include also possible intraoral and extraoral applications. An extraoral 

approach with pulsing LED 635 nm light was shown to successfully penetrate soft and hard 

tissues in the maxillofacial region, proving the possibility of reaching deeper tissues and 

achieving therapeutic goals.[22] Several studies showed the beneficial effect of low-level light 

therapy on bone regeneration. Bai et al. demonstrated the promotion of blood vessel, collagen 

fiber and bone tissue formation[23], while a systematic review by Kheiri et al. showed evidence 

of stimulation of osteogenesis in critical-size bone defects as well as enhancement of fibroblast 
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and osteoblast proliferation with the use of LLLT [24]. The addition of LLLT to the first 

experimental group in this study yielded similar results, however, given that the expected 

influence of LLLT primarily pertains to angiogenesis, further studies and biopsy analysis will 

be crucial in elucidating its specific impact. 

Zizelmann et al. evaluated the use of autologous cancellous bone graft, which is the gold 

standard, in maxillary sinus augmentation and obtained bone density of 266-551 Hounsfield 

Units, which resembles natural bone density and is also comparable with experimental groups 

of this study.[25] Al-Obaidi et al. performed graftless maxillary sinus augmentation, utilizing 

only gelatine sponges in order to organize the blood clot under the elevated Scheiderian 

membrane, so the obtained bone was native bone whose bone density (595.5,  ± 159.4 HU) 

[26] is also comparable with results of this study. Maxillary sinus augmentation utilizing 

calcium phosphate bioceramics granules demonstrated a higher mean bone density (766.9-

1018.7 HU) when compared with the lower density of the native bone control group (482.6-

891.0 HU) [27]. The ideal bone graft material should emulate the structural, mechanical, and 

biological properties of native bone tissue. This study utilized current knowledge and 

advancements in biomaterial science, tissue engineering, and regenerative medicine which hold 

promise in obtaining a step closer to this goal. In this study, analysis of CBCT findings in the 

control group compared to the experimental groups individually and collectively reveals that 

both experimental groups exhibit bone morphology more closely resembling natural native 

bone. All groups yielded high implant stability, with slightly better stability in experimental 

groups, however, a larger sample size is needed in order to get more insight. Further 

histological characterization and additional analyses will contribute to a deeper understanding 

of the achieved results and may potentially serve as guidelines for further scientific inquiry.  
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The given Hounsfield Units and RFA analysis serve as clear indicators of the substantial 

potential of this graft mixture, by its complete integration and provision of significant stability 

to the inserted implants. Xenograft mixed with Bichat’s fat pad tissue may represent a novel 

entity in the field of bone regeneration. 

 

CONCLUSION 

The findings of this study support that the utilization of fragmented Bichat’s fat pad tissue 

xenograft mixture may enhance the regenerative process in terms of obtaining bone more 

resembling native bone compared with the utilization of xenograft alone. Additionally, the 

augmented graft demonstrates high implant stability, indicating its potential for successful 

integration and long-term support. The addition of Low-Level Light Therapy also resulted in 

bone resembling native bone while maintaining high implant stability. Further analyses based 

on tissue biopsies are ongoing and will provide additional insights, enhancing our 

understanding of the observed results. 
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Figure 1. A small fragment of Bichat’s fat pad is harvested through the existing flap with no 

additional morbidity 
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Figure 2. Lateral maxillary sinus augmentation approach 
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Figure 3. Fragmented tissue of the Bichat’s fat pad 
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Figure 4. Mixture of Bichat’s fat pad tissue and xenogenic bone in a 50:50 ratio 
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Figure 5. Fully computer-guided implant protocol 
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Figure 6. a) Panoramic radiograph image with planned implants in previously augmented 

maxillary sinuses; b) bucco-palatal ideal position of the implant in the previously augmented 

maxillary sinus 
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Figure 7. Hounsfield units analysis 
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Table 1. Differences in Hounsfield units across groups 

 

Parameters HU p-value (vs. 

xenograft) b 

RFA p value (vs. 

xenograft) b 

Xenograft 674.57 ± 217.12  53.0 ± 20.12  

Xenograft + Fat 459.68 ± 86.54 0.141 60.75 ± 6.45 0.491 

Xenograft + Fat + LLLT 540.19 ± 80.22 0.313 53.0 ± 1.83 1.000 

p-value a 0.239  0.207  

Xenograft 674.57 ± 217.12  53.0 ± 20.12  

Xenograft+ Fat/ 

Xenograft + Fat + LLLT 

499.94 ± 88.43  56.88 ± 6.03  

p-value b 0.207  0.729  

 

HU – Hounsfields Units; RFA – resonance frequency analysis; LLLT – low-level light therapy.  
aANOVA   bt test 

 


