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SUMMARY

Introduction/Objective Implant placement in the posterior maxilla may be often hard to achieve be-
cause 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, con-
ventionally 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 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 three groups. Six months after surgery a cone-
beam computed tomography 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 po-
tential 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

INTRODUCTION

Implant placement in the posterior maxilla
may often be hard to achieve because of in-
sufficient 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 modal-
ity for correcting this inadequacy. This tech-
nique, first published in 1980 by Boyne [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 in-
volves 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 max-
illary 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 im-
plants 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
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in the study. The study sample com-
prised patients who were presented
at the School of Dental Medicine,
University of Belgrade, for implant re-
habilitation and were diagnosed with
partial edentulism with atrophy of
the posterior maxilla. Unilateral and
bilateral atrophy cases were included.
The inclusion criteria were the pres-
ence of a periodontally healthy frontal
maxillary segment due to utilization

Figure 1. A small fragment of Bichat'’s fat pad
is harvested through the existing flap with no
additional morbidity

tion approach

been described as the direct transfer of vital cells to the
area that will regenerate new bone. Osteoconduction em-
braces the principle of providing 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, mes-
enchymal-derived 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 contempo-
rary literature. Adipose tissue contains a multipotent cell
population with similar properties, although not identical,
to those of marrow-derived mesenchymal stem cells [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 tis-
sue 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 enhance-
ment 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
during a two-year period (June 28, 2022 - June 28, 2024).

All patients were informed about the study/surgical pro-
tocol and provided their informed consent for participation
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Figure 2. Lateral maxillary sinus augmenta-

of a computer-guided system, and a
residual bone height of 1-4 mm in the
posterior maxilla. Six patients (one fe-
male and five males) 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 sino-
nasal region, history of radiation therapy in the head or
neck region, systemic diseases such as uncontrolled dia-
betes or autoimmune diseases, pregnancy or lactation and
history of significant bone metabolic disorders.

Cone beam computed tomography (CBCT) scans were
performed before surgery, and patients were randomly as-
signed 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 aug-
mentation (n = 4) using fragmented fat tissue mixed with
bovine-derived bone (Bio-Oss, Geistlich Pharma AG) 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)
in a 50:50 ratio, treated with 635 nm pulsing LLLT (Repuls
7, Repuls Lichtmedizintechnik GmbH, Wien, Austria).

In all three groups, after maxillary sinus augmentation,
the lateral bone window is covered with a collagen mem-
brane (Bio-Gide, Geistlich Pharma AG).

Preparation of graft:

Xenograft-Bichat’s fat pad mixture (Xenofat graft) was
prepared utilizing fat tissue harvested from the Bichat’s
fat pad (Figure 1). This adipose tissue was obtained con-
comitantly with the flap used for the lateral sinus lift proce-
dure (Figure 2), thereby minimizing additional morbidity.
Fragments of fat tissue were meticulously excised from
Bichat’s fat pad and subsequently washed with a physi-
ological solution. Following this, the fat tissue was frag-
mented 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.
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Figure 3. Fragmented tissue of the Bichat’s
fat pad

Surgical procedure
First stage

Antibiotic prophylaxis (1 g of amoxicillin with clavulanic
acid or 600 mg clindamycin in cases of penicillin hyper-
sensitivity) was prescribed to each patient, starting one
hour before the surgery. Dexamethasone (0.004 g) was
administered subcutaneously before surgery. The surgi-
cal procedures are performed in the conditions of local
anesthesia (Septanest, Septodont, Saint-Maur-des-Fossés,
France). All three groups underwent the sinus augmen-
tation 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 wounds were sutured
with interrupted resorbable sutures. Patients from the third
group are additionally treated with 635 nm LLLT (Repuls
Lichtmedizintechnik GmbH) in five sessions starting from
the third postoperative day.

Figure 5. Fully computer-guided implant
protocol

Figure 4. Mixture of Bichat's fat pad tissue
and xenogenic bone in a 50:50 ratio

Second stage

Six months after maxillary sinus augmentation, CBCT
scans were obtained and patients were scheduled for im-
plant placement (Bone Level Tapered®, Institute Straumann
AG, Basel, Switzerland). The CBCT scans were utilized to
meticulously assess the available bone volume and qual-
ity in the posterior maxillary segment, as well as to plan
the optimal implant position related to future prosthetic
work (Figure 6 and 7). A computer-guided system was
employed to navigate the implants into the ideal positions.
Customized surgical guides were fabricated and guided im-
plant placement was performed in the posterior maxillary
segment (Figure 5). Resonance frequency analysis (RFA) 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, CBCT
scans were performed for dual objectives. Firstly, they
were conducted to facilitate the precise planning of com-
puter-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 utiliz-
ing Planmeca Romexis analysis software (Planmeca Oy,
Helsinki, Finland). Within this software, a cubical region
of interest measuring 7 X 7 x 7 mm was delineated, re-
sulting in a volume of 343 mm®. Cubical markings were

b)

Vol 0,343 cm®

w 7.00 h7.00d7.00
Avy 556.12

StdDev 347.02

R [-1000,1528]

mBOA5 10)15

Figure 6. a) Panoramic radiograph image with planned implants in previously augmented

Figure 7. Hounsfield units analysis

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

maxillary sinus
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Table 1. Differences in Hounsfield units across groups

Kekovi¢ V. et al.

treatment, which is why continuous and

persistent efforts are invested in inves-

-value p-value

Parameters HU p-va RFA

(vs. xenograft) ® (vs.xenograft) * | tigating different graft materials, driven
Xenograft 674.57£217.12 53042012 by the imperative to achieve biomimetic
Xenograft + Fat 459.68 + 86.54 0.141 60.75 £ 6.45 0.491 bone COIl’lpOSitiOIl. Body—derived addi-
Xenograft + Fat + LLLT | 540.19 + 80.22 0.313 53.0+1.83 1.000 tives to graft materials, such as vari-
p-value* 0.239 0.207 ous forms of growth factors, including
Xenograft 674.57 £217.12 2%2;—" platelet-rich plasma, platelet-rich fibrin,
Xenograft+ Fat/ 196,94 + 8543 5688 + an.d plaéma rllch in growth factors; or
Xenograft + Fat + LLLT I = 00 6.03 mineralized tissues such as autologous
p-value ® 0.207 0.729 bone and tooth-derived bone graft are

HU - Hounsfields units; RFA - resonance frequency analysis;
LLLT - low-level light therapy;

2ANOVA;
bt test

positioned in bone regions where guided implant place-
ment was subsequently planned. The bone density within
this region of interest was automatically quantified and ex-
pressed in 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 con-
sidered significant. All data were analyzed using IBM
SPSS Statistics for Windows, Version 29.0.2.0 (IBM Corp.,

Armonk, NY, USA).

RESULTS

Notable differences in HU across groups are present
(Table 1). Specifically, the control group exhibited sig-
nificantly higher HU (674.57 + 217.12) compared to the
experimental groups (499.94 + 88.43), which demon-
strated Hounsfield unit values that were closer to those
observed in natural native bone. Examination of 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).

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 augmenta-
tion, conventionally performed utilizing xenograft materi-
als. Implementing effective bone regeneration strategies is
crucial for ensuring the success and longevity of implant
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frequently implemented in regenerative
procedures [5, 6, 7].
Stem cell research is also, among oth-
er fields, focused on the need for bone
regeneration in cranial, maxillofacial and oral surgery, es-
pecially because of the enormous social and psychologi-
cal 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 abun-
dant 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 demonstrating faster pro-
liferation 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, vari-
ous innovative approaches have emerged to stimulate tis-
sue regeneration. Among these approaches, the utilization
of light therapy has gained prominence [15]. LLLT, also
known as photobiomodulation, encompasses a spectrum
of techniques that harness the therapeutic properties of
light to modulate cellular activities and promote tissue re-
pair. 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

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):17-23
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[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 possibil-
ity of reaching deeper tissues and achieving therapeutic
goals [22]. Several studies showed the beneficial effect of
LLLT on bone regeneration. Bai et al. [23] demonstrated
the promotion of blood vessel, collagen fiber and bone
tissue formation, while a systematic review by Kheiri et
al. [24] showed evidence of stimulation of osteogenesis
in critical-size bone defects as well as enhancement of fi-
broblast and osteoblast proliferation with the use of LLLT.
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 angio-
genesis, further studies and biopsy analysis will be crucial
in elucidating its specific impact.

Zizelmann et al. [25] evaluated the use of autologous
cancellous bone graft, which is the gold standard, in max-
illary sinus augmentation and obtained bone density of
266-551 HU, which resembles natural bone density and
is also comparable with experimental groups of this study.
Al-Obaidi et al. [26] performed graftless maxillary sinus
augmentation, utilizing only gelatine sponges in order to
organize the blood clot under the elevated Schneiderian
membrane, so the obtained bone was native bone whose
bone density (595.5 + 159.4 HU) 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 com-
pared with the lower density of the native bone control
group (482.6-891 HU) [27]. The ideal bone graft material
should emulate the structural, mechanical, and biological
properties of native bone tissue. This study utilized cur-
rent 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
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Maxillary sinus augmentation utilizing Xenograft, Bichat's fat pad tissue and low-level light therapy

AyrmeHTaumja makcunapHor cuHyca Kopuwherwem KceHorpadTa, TKMBa buxartosor
MaCHOr jacTyyeTa 1 Tepanuje ceeTiowhy HUCKOT MHTEH3UTETA — pe3yNTaTy
NPOCNEKTUBHE PaHAOMMU30BaHE KAUHUYKE CTYAMUje KomnjyTepu3oBaHe Tomorpaduje
KOHYCHOT CHONa U pagnoppeKBeHTHe abnauyuje

BnapaH Kekosuh', 3opaH Bnaxosuh?, Kypt LLnxo®, paraH CraHumuposuh?, MBan Conpgatosuh?®, Hukona Mukosuh',

Butomup C. KoHctaHTHoBMh', Bnagnmnp CuHobap!

'YHuep3utet y beorpagy, Cromatonoluku dakynteT, KnuHnka 3a Makcunodaumjanty xupyprujy, beorpag, Cpbuja;
*YHneep3uTety MpuwtnHu, MegnumnHckn dakyntet, Ofcek 3a ctomatonorujy, Kococka Mutposuua, Cpbuja;
YHuBep3uTeTcka bonHnua ,Allgemeines Krankenhaus', Knuhika 3a kpaHnomakcunodauyjanty xupyprujy, bey, Ayctpuja;
*YHuBep3uTeT y Beorpagy, Cromatonowku pakyntet, KnmHuKa 3a napogoHTonorujy n opanHy Meauuuty, beorpag, Cpbuja;
YHuBep3uTeT y beorpagy, MeanumHcki Gakyntet, IHCTUTYT 3a Me[UUMHCKY CTaTUCTUKY 1 MHGopmaTuky, beorpag, Cpbuja

CAMETAK

YBoa/Lumb Yrpagta AeHTanHux uMniaHTata y pernju nocre-
prIOpHe MaKcue MoXe NpeAcTaB/baTil 3a30B ycen yecte
nojaBe HeJOBO/bHOT BOJIyMeHa KOCTM 1 MPUCYCTBa BUCOKOM-
HeyMaT130BaHOI MaKCMIapPHOT CMHYCa. Y 0BaKBMM CUTYaLuja-
Ma Kao Tepanujckun MoganuTeT npernopyuyyje ce ayrmeHTaumja
MaKCUNapHOT CUHYCa U KOHBEHLMOHAHO ce U3BOAM nMomMohy
KCEHOreHnx MaTepujana.

Linm oBor uctpaxuBatba je aHann3a pesyntata ynorpebe
dparmeHTMCAHOT MacHOT TKVBa BrxaToBOr MacHor jactyyeta
y KOMOMHaLWjy ca KOLITaHVM 3ameHuoLeM roBeher nopekna,
y OfHOCY ca ynoTpeby camo KoLTaHOT 3amMmeHunoLa roeher
nopekna Kof ayrMeHTauuje MakcunapHux cuHyca. CekyHaap-
HY UWb CTyauje je eBanyauuja yTvuaja Tepanuje ceetnowhy
HWCKOT UHTEH3MTETa Ha pereHepaLnjy KOCTU KOA nauujeHarta
TpeTMpaHMX GparMeHTUCAHIM MAaCHUM TKIBOM Y KOMOMHaL M}
Ca KoluTaHUM 3ameHuoLiem roBeher nopekna.

MeTope Y cTyaunjy je ykibyUYeHo LWeCT naunjeHaTa, yumtbeHo
je 12 ayrmeHTauumja MakcunapHmX CUHyca, a NaumnjeHTn cy Ha-
CyMWYHO pacnopeheHu y Tpu rpyne. Lect meceum nocne xu-
pypruje ypaheHa je KomnjyTepr3oBaHa ToMmorpaduja KOHycHor

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):17-23

CHOMa ryCTUHe KOCTU 1 aHan3a pe3oHaHTHe ppekBeHLuje 12
yrpaheHux nMnnaHTara.

PesyntaTtm Pe3yntaTu aHanm3e rycTuHe KOCTW NoKasanu cy
3HauvajHe pa3nuke y XoyHcGunaoBum jearHmLama, ca BpefHo-
CTMMa eKCnepumeHTanHe rpyne (499,94 + 88,43) Koje cy cnnu-
HVje BPeAHOCTVIMa NPYPOAHE HaT/BHe KOCTU y mopeherby ca
BPEeAHOCT/MA KOHTPOJHE rpyre, Koje Cy BuLe (674,57 £217,12).
AHanu3a pe3oHaHTHe dpeKBeHLUMje MMNIaHTaTa nokasana je
CNIMYHE BPefHOCTH KOHTposHe rpyne (53 + 20,12) n ekcnepu-
MEHTaJIHVX rpyna, ca 61aro BULWMM HUBOOM CTaBUITHOCTN UM-
nnaHTaTa Kog ekcnepumeHTanHux rpyna (56,88 + 6,03).
3akbyuak [late XoyHchungose jeuHuLE 1 aHanm3e pe3oHaHT-
He PppeKBeHLVje jacHM Cy MHAMKATOPY 3HayajHOr NoTeHumjana
ynotpebe KoMbuHaLmje pparMeHTCAHOT MAaCHOT TKIBA U Kce-
HOMeHOr KOLUTaHOT 3aMeHNoLa KOA ayrMeHTaLmje MakcunapHuX
CVHYCa, AeMOHCTPUPajyhn KOMMNETHY MHTerpaLujy 1 NpyXame
3HauajHe cTabunHocTU yrpaheHnm umnnanTatma. OparmeH-
TCaHO MACHO TKMBO Y KOMOUHaLWju ca KceHorpadTom moxe
npeAcTaB/baTi 3HauajaH HOBY eHTUTET y 0651acTU KoluTaHe
pereHepauuje.

KrmbyuHe peun: HoBY rpadT; pereHepaLuja KOCTW; MacHO TKUBO;
Tepanuja cBeTnoWwhny HUCKOT MHTEH3WTETa
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