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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

AyTMeHTaIja MaKCHJIAPHOT CHHYCa ca YHOTpeOoM KceHorpadra, TkuBa buxaTtoBor MacHOT jacTydera u
Teparuje cBeTIomhy HUCKOT HHTEH3HTETa — PE3yJITaTH MPOCIEKTHBHE PAaHJOMHU30BaHe KIIMHUYKE CTYIIHje
KOMIIjyTepu30BaHe ToMorpaduje KOHYCHOT CHOTIA U paano(peKBEeHTHE abiamuje

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 weretincluded 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
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CAXKETAK

VYeoa/lnp Yrpanma NeHTATHAX UMIUIAHTATA Y Pe-
THjH TIOCTEPHOPHE MAKCHJIIE MOXE IPEICTABIBATH
M3a30B YCJIE YECTE 10jaBe HEJOBOJHHOT BOJyMEHA
KOCTH 1 TIPHCYCTBA BUCOKO THEYMAaTH30BAHOT MaK-
CHJIApHOT CHHYcCa. Y OBAKBHM CHUTyalljaMa ayIMeH-
TalKja MaKCHJIAPHOT CHHYCa Ce MPernopyyyje Kao Te-
parnujcku MOAAINTET, U KOHBEHIIMOHAITHO €€ M3BO/IN
nomohy KceHoreHux Matepujana. [{uss oBor uctpa-
JKUBambha je aHaIn3a pe3yiirata yrnotpede hparmeH-
THCaHOT MacHOI' TKMBa buxaToBOr MacHOT jacTyuera
y KOMOMHAIMjU ca-KOLITaHUM 3aMEHHKOM roselher
MOPEKJIA, Y OAHOCY ca ymoTpedy caMo KOIITaHOT 3a-
MEHHKa roBeljer MopHujeKIa, KoI ayrMeHTallje MaK-
cuapHuX cuHyca. CeKyHIapHH Wb CTYAH]E je eBa-
TyaIyja yTrliaja Tepamnyje cBeTIomhy HICKOT HHTe-
H3UTETA Ha PEreHepanjy KOCTH KOJ TalijeHara Tp-
€THpaHUX (pparMeHTHCAaHUM MAaCHUM TKUBOM Y KOM-
OMHAIHjU ca KOIITAHUM 3aMEHHUKOM.

Metope Illect nanujeHara je yKJbyueHo y CTYAH]yY,
YUHIbEHO je 12 ayrMeHTaluja MaKCHIapHUX CHHyca
a TMalWjeHTy Cy HacyMu4yHO pacniopehenu y 3 rpyre.
[ect Mjecen HaKOH XUpypruje ypaheHa je Komijy-
Tepu30BaHa ToMorpaduja KOHYCHOT CHOIIA T'YCTHHE
KOCTH W aHann3a pe3oHaHTHe ppekxBeHmnuje (PDA)
12 yrpaljennx uMInTanTara.

Pe3yararn PesynraTtu aHanuse rycTuHe KOCTH MOKa-
3aJM Cy 3HaYajHe pasiuke y XOYHCHUE jeInHUIIA-
Ma (XVY), ca BprjeqHOCTHMA EKCIIEPIMEHTAITHE TPY-
e (499.94 + 88.43) koje Cy BuUIlle CTUYHE BPEAHO-
CTHMa MPUPOJIHE HATUBHE KOCTH, y nopehemy ca
BPEHOCTUMA KOHTPOJIHE IPYIIe KOje Cy BHUILe
(674.57 £ 217.12). Ananusa pe3oHaHTHE (PPEKBEH-
IIMje UMIUIaHTaTa MoKa3aja je CIIMIHE BPUjeAHOCTH
koHTposHe Tpyne (53 + 20.12) u ekcriepuMeHTaTHIX
rpymna, ca 6;aro BUIIMM HUBOOM CTaOMIHOCTH UM-
TUIAaHTaTa KOJ| eKCepHMEHTAIHUX rpyma (56.88 £
6.03).

3akspyuak Jlate XY u POA ananuse cy jacHu uH-
JIMKAaTOPH 3Ha4YajHOT MOTEHIHjasla yroTpede KoMOu-
Hanuje (GparMeHTUCAHOT MACHOT TKHBA U KCEHOTe-
HOT KOIITAHOT 3aMjEeHHKA KOJ ayTMEHTAIIN]j€ MaKCH-
JApHUX CHHYCA, IEMOHCTPUPAjyhn KOMIUIETHY HHTE-
rpalvjy " MproKame 3HadajHe CTa0MIHOCTH yTpahe-
HUM MMIUIaHTaTHMa. OparMeHTHCAaHO MACHO TKUBO
Yy KOMOHMHAI]H ca KCeHOrpadToM Moke
NPE/ICTaBJba-TH 3Ha4ajaH HOBU EHTUTET Y 00JIacTH
KOILITaHE percHepanyje.

Kibyune peun: HOBU rpadt; pereHepanuja KocTy;
MacHO TKHMBO; Teparuja cBeTionhy HUCKOT
WHTEH3UTETA

Copyright © Serbian Medical Society
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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 mm?3. 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 protacol
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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. | RFA p value (vs.
xenograft) P xenograft)

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 ? 0.239 0.207

Xenograft 674.57 £217.12 53.0+20.12

Xenograft+ Fat/ 499.94 + 88.43 56.88 +6.03

Xenograft + Fat + LLLT

p-value ® 0.207 0.729

HU — Hounsfields Units; RFA — resonance frequency analysis; LLLT — low-level light therapy.
SANOVA Pt test
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