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A B S T R A C T

Purpose: To investigate clinically and radiographically at 4 months post-operatively the outcomes of mixing
demineralized bovine bone material (DBBM) with cross-linked hyaluronic acid in alveolar ridge preservation.
Material and Methods: Seven patients presenting bilateral hopeless teeth (14 teeth) were enrolled in the
study, the test site contained demineralized bovine bone material (DBBM) mixed with cross-linked hyalur-
onic acid (xHyA) while the control site contained only DBBM. 4 months post-operatively prior to implant
placement a Cone beam computed tomography (CBCT) scan was recorded and compared to the initial scan
to assess the volumetric and linear bone resorption that occurred in both sites. Clinically, sites that needed
further bone grafting at the implant placement stage were recorded. Differences in volumetric and linear
bone resorption between both groups were assessed using Wilcoxon signed rank test. McNemar test was
also used to evaluate difference in bone grafting need between both groups.
Results: All sites healed uneventfully, volumetric and linear resorption differences between the baseline and
4 months post-operatively were obtained for each site. The mean volumetric and linear bone resorption
were respectively 36.56 § 1.69%, 1.42 § 0.16 mm in the controls sites and 26.96 § 1.83%; 0.73 § 0.052 mm
in the tests sites. The values were significantly higher among controls sites (P=0.018). No significant differen-
ces were observed in the need for bone grafting between both groups.
Conclusion: Cross-linked hyaluronic acid (xHyA) appears to limit the post-extractional alveolar bone resorp-
tion when mixed with DBBM.

© 2023 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Following tooth extraction, the alveolar socket is subject to
resorption throughout the healing process, mainly observed in the
first 8 weeks following extraction, and can cause up to 50%-dimen-
sional reduction of the original ridge width [1]. The resorption is
more pronounced on the buccal aspect of the ridge thus affecting the
treatment prognosis when a prosthetically-driven implant placement
is planned [1]. Therefore, maintaining adequate ridge volume by
anticipating the risk of hard and soft tissue loss, is mandatory espe-
cially in the anterior sector [1].

In order to compensate this loss and achieve an aesthetically
acceptable implant-supported prosthesis, different bone grafting
techniques were proposed such as guided bone regeneration, onlay
bone block and alveolar ridge preservation (ARP) [2]. The latter is a
preventive procedure that consists of placing various biomaterials in
the socket to limit post-extractional alterations. The two most used
bone grafting materials are allografts and xenografts [2]. DBBM were
proven to be biologically inert osteoconductive materials [3]. The
ARP, however, aims at successful ridge reconstruction, i.e., new bone
formation within the volume of the former socket [4]. Although xen-
ografts offer a stable and acceptable bone volume maintenance, their
healing period and the percentage of de novo bone formation
remains their main drawback [5].
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Fig. 1. Flowchart of the sample selection.
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Considering the aforementioned facts and to enhance the ARP
outcomes, clinicians are searching to reduce the healing period in
order to place the implants at the earliest convenience following
tooth extraction. Hence, several growth factors were tested as biolog-
ical adjuvants to promote the healing process and reduce the physio-
logical post-extractive bone resorption [6].

The authors investigated the use of cross-linked hyaluronic acid
(xHyA) gel as a biological adjuvant to xenograft in an attempt to
boost the regeneration capabilities and limit post-extractional
resorption [7]. In fact, hyaluronic acid an extracellular polymer of dis-
accharides administration appears to have a beneficial impact on
healing process and bone cell response by stimulating mesenchymal
cells proliferation, growth factors attraction and angiogenesis in situ
[8]. However, the structure of latter is rapidly disintegrated through
hydrolysis. Therefore, researchers have introduced xHyA as cross-
linked hyaluronic acid with a slow degradation profile to maintain a
longer presence and thus effect especially long biological processes
such as bone healing [9].

The aim of this split mouth pilot study is to investigate clinically
and radiographically at 4-months post-operatively the effects of
xHyA against ridge resorption following DBBM ARP.

2. Materials and methods

2.1. Study design

This study is a split mouth, prospective, randomized, double
blinded pilot study. The study protocol was approved by the univer-
sity IRB (USJ-2019-167) and registered at the clinical trials.gov under
the serial: NCT04377256.

The study followed the consort extension guidelines for pilot and
feasibility studies. Patient enrolment started in May 2019 and ended
in May 2022, during these two years 20 patients were screened posi-
tive for the study admissibility (Fig. 1).

Patients were informed about the treatment in detail and signed
an informed consent. Accordingly, the participants knew about the
freedom to quit the study whenever they want in agreement with
the Helsinki declaration of medical research and they confirmed that
the authors are allowed for the use of the data in scientific research.

Inclusion criteria:

- Age between 18 and 60.
- Patient presenting two contralateral hopeless teeth that needs
and extraction and delayed implant placement.

- Bilateral teeth belonging to the same morphological group (mono,
bi or multirooted).

- Patients that cannot receive immediate implant placement.
- Presence of more than 50% of the socket bone on both sites.
- Non-smoking patient.

Exclusion criteria:

- Age less than 18 or more than 60.
- Active acute infection and suppuration of the selected teeth.
- Presence of heavy metallic artefacts that can distort CBCT scans
(amalgam, metallic crowns, implants).

- Bad oral hygiene and non-compliance.
- Systemic diseases interfering with bone healing.
- Active and progressive periodontal disease.

2.2. Randomization

Test and control sites were assigned following a coin toss procedure,
the Surgeon (B.H.) couldn’t be blinded due to the nature of study, how-
ever, the radiographic assessment was completely blinded, as the
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responsible investigator (R.W.) received the CBCTs without any indica-
tive signs regarding the site allocation or other labelling.

2.3. Treatment procedure

All surgical procedures were performed by the same operator B.H.
A pre-operative clinical exam with a baseline CBCT scan (i-CAT�, Hat-
field, PA, USA) was obtained for later radiographic comparison
(Fig. 2a, b).

Following local anaesthesia (Septanest�, Septodont, Saint Maur
des Fosses, France), the teeth were atraumatically extracted with the
attempt to preserve the buccal plate (Fig. 3b). The sockets were
debrided under copious saline irrigation using a Lucas curette (HU-
friedy

� , CHI, USA). The control site received DBBM solely (Bio-Oss�,
Geistlich-Pharma AG, Switzerland), while the test site was filled with
a mixture of DBBM and xHyA (Hyadent BG�, Regedent AG, Switzer-
land) (Fig. 3c). According to the individual socket diameter, two epi-
thelio-connective tissue punches were harvested from the palate
(Fig. 3d, e) and shaped as socket seal into both alveolae following the
de-epithelialization of marginal tissue at their orifice (Fig. 3f). Lastly,
a collagen fleece (CollaTape� Zimmer Biomet, USA.) was sutured at
the donor site by 4.0 resorbable suturing material (Novosym�, B-
Braun, Melsungen, Germany) for site protection.

Post-operative medication consisted of Antibiotics for 7 days 2 g/day
orally (Amoxicillin Sandoz�, Basel, Switzerland). Non-steroidal anti-
inflammatory drug (Ibuprofen 400 mg; Abbott Laboratories, Illinois,
CHI, USA) was prescribed three times daily for three days, and a chlor-
hexidine mouthwash (0.12%), three times daily for two weeks.



Fig. 2. (A) Pre-operative clinical photo, (b) pre-operative CBCT showing the teeth, (c) post-operative CBCT showing the bone healing 4 months after the grafting.
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The healing was uneventful, only minor swelling and pain were
observed. There was no evidence of necrosis or suppuration. Four
months later a second CBCT scan was obtained prior to implant place-
ment (Fig. 2c), and all patients received the dental implants (Tapered
screw vent� Zimmer Biomet, CHI, USA) without early or delayed
complications or failures till date.

To approve the tissue quality within the attributed volume exem-
plary, core biopsies from both sites retrieved at implant placement.
2.4. Outcomes identification

The assessed outcomes of this study are as follow:
Fig. 3. Surgical sequence: (a) pre-operative photo, (b) atraumatic extraction, (c) socket fillin
connective graft, (f) post-operative photo.
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1 Radiographic volumetric resorption percentage.
2 Radiographic linear resorption distance.
3 The need of further bone grafting at implant placement surgery.
2.5. Radiographic assessment techniques

Radiographic assessment and comparison of the seven cases was
performed by one investigator (R.W.), who repeated the measure-
ments one month later to assess the intraclass correlation coefficient.
For estimation of the alveolar ridge volumetric change, pre- and post-
operative CBCT scans were superimposed using a semi-automatic
g, (d) epithelio-connective tissue punches harvesting from the palate, (e) the epithlio-



Fig. 4. Three-dimensional analysis of the pre- and post-operative CBCTs: (a) region of interest (ROI) demarcation prior to segmentation, (b) three threshold based semi-automatic
contour segmentations: tooth (red), surrounding pre-operative socket bone (blue) and post-operative bone of the ROI. (c) Superimposed volumetric result of the control site (Grey
color represents the pre-operative socket while the pale pink presents the post-operative ridge. (d) Superimposed Volumetric result of the test site.
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contour segmentation software (ITK-SNAP, U.S. National Institute of
Biomedical Imaging and BioEngineering, USA).

The process involves setting a threshold value that separates the
desired tissue or structure from the surrounding tissues based on
CBCT values or intensity levels. The pixels with values above the
threshold are designated as the region of interest, while those below
are disregarded. The threshold value can be adjusted to fine-tune the
segmentation results.

A standardized region of interest (ROI) was calibrated for all sites,
determined by following reference points (Fig. 4a):

� Apico-coronally: Coronally the most crestal bone peak was
detected mesially and distally; apically, an artificial line was
drawn 1.5 mm below the most apical point of the root tip across
the apical base of the socket.

� Mesio-distally: limited by an artificial line at 1.5 mm distance of
the most mesial and distal surface of adjacent tooth or implant.

� Bucco-lingually: limited to the mostly detectable bone width
extension.

Three threshold based semi-automatic active contour segmenta-
tions in the above ROI were performed as follows (Fig. 4b):

1 Tooth root segmentation was realized to be able to differentiate
the buccal bone from the root surface in the second segmentation.

2 pre-operative alveolar socket segmentation which included the
alveolar bone surrounding the root and the part of first segmenta-
tion (root) which was located inside the bone socket (apically to
the line connecting the most coronal lingual and buccal bone
points at each slice).

3 post-operative alveolar bone segmentation (4 months post-op).

The volume of the pre- and post-operative bone was then mea-
sured using the volumes and statistical tool of the software (Fig. 4c,
d). In order to calculate the volumetric resorption rate (Percentage),
the following mathematical equation was used:

VPre�op � Vpost�op
� �

=VPre�op
� �

X100:

As for the linear resorption, segmentations were exported as ster-
eolithography files (STL) and then imported to the Autodesk Mesh-
mixer software (Autodesk research, CA, USA) where the outer surface
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of the pre- and post- models was separated and saved as two distinct
STL meshes.

The mean linear distance between the pre-operative and post-
operative mesh (mean resorption) was calculated using a specialized
comparative software (Cloudcompare, EDF R&D Energy research and
development, France.) (Fig. 5).
2.6. Histological assessment

Bone cores were fixed using 4% paraformaldehyde then fol-
lowing a decalcified protocol they were stained using Giemsa-
Paragon stain in order to observe residual particles and newly
formed bone.

Histological images (Fig. 6a,d) were saved in .JPEG (Joint Photo-
graphic Experts Group) format and imported in the ImageJ software
(ImageJ NIH Image, WI, USA.), where the total calcified tissues were
first isolated from the soft tissues using the gray value segmentation
option (Fig. 6b,e). Finally using a more sensitive gray scale filter,
newly formed bone was distinguished from the old calcified struc-
tures (Fig. 6c,f)
2.7. Clinical outcome assessment technique

Implants were placed in a prosthetically driven position using sur-
gical guides. At implant placement, sites which were in need for addi-
tional bone grafting due to thread exposure by fenestration or
dehiscence in the buccal bone wall were counted according to the
site and implant position.
2.8. Statistical analysis

Descriptive statistics were used to summarize the patients’ char-
acteristics. The data were expressed as the mean § standard devia-
tion. The Wilcoxon signed-rank test was used to determine
differences in volumetric and linear resorption between both sites
(tests and controls) among the same patient. McNemar test was used
to figure out the difference in bone grafting need between control
and test sites pairwise. Statistical analysis was conducted using Stata
data analysis and statistical software (Stata 15. MP, TX, USA).



Fig. 5. A software-generated colour map showing the linear resorption based on the distance between the pre- and post-operative meshes extracted from the three-dimensional
models: (a) Control site, (b) test site.
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3. Results

Seven out of twenty foreseen patients with two contralateral
hopeless teeth each, were included and analysed in this randomized
pilot study. The demographic data of the participants is featured in
Table 1 (Table 1). Values of intraclass correlation coefficient for the
volumetric bone resorption ranged from 0.9 to 1 among both controls
and tests sites, which demonstrated a perfect intraobserver agree-
ment.

3.1. Radiographic assessments

The superimposed baseline and 4 months post-operative scans
revealed for both, the volumetric and the linear resorption a signifi-
cantly less expressed rate in the test sites which consisted of the
DBBM and xHyA combination (P = 0.018, respectively) compared to
the control group with DBBM alone. The mean difference in
Fig. 6. Histological comparison between core biopsies taken from control site (a) and test si
respectively in control and test sites, (c) and (f): Threshold based picture showing the new
embedded in newly formed soft tissue while turquoise/red arrows indicate those embedded
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volumetric and linear resorption at each of the controls and tests sites
are presented in Table 2. No significant differences were observed
between the sites that needed bone grafting and the presence of
xHyA in this site (P=0.15).

3.2. Histological observations

The particulate DBBM bone substitute used without additives
appeared to be embedded in connective tissue instead of getting part
of newly formed bone, especially in the coronal portion of the dis-
closed specimen (turquoise arrows in Fig. 6a). Furthermore, as previ-
ously reported [5], the biopsy presented a high amount of residual
DBBM graft material (white area, Fig. 6b) and only a limited area of
newly formed bone (white areas, Fig. 6c). On the contrary, the combi-
nation of DBBM with xHyA was associated with a greater level of
homogenous incorporation of DBBM graft particles into newly
formed bone throughout the complete biopsy (Turquoise/red arrows,
te (d). (b) and (e): Threshold based pictures showing the total calcified tissues in white
bone formation in white. The turquoise arrows indicate the particulate graft residues
into newly formed bone. Dark blue arrows indicate newly formed bone.



Table 1
Demographic data of the study. GBR: guided bone regeneration, DBBM: deminer-
alized bovine bone material, xHya: Cross linked hyaluronic acid.

Study demographics

Number of patients 7
Mean age 52.65
Tooth type
Maxillary mono radiculars/ Maxillary Bicusps/ Maxillary

molars
4/4/2

Mandibular Bicusps/ Mandibular molars 2/2
GBR procedure at implant placement
DBBM xHya-DBBM
2 0

Table 2
Volumetric and linear resorption values (mean § SD) in control and test sites at
4 months postoperatively.

4 months P-value

Volumetric resorption percentage in control sites (%) 36.56 § 1.69
Volumetric resorption percentage in test sites (%) 26.96 § 1.83
Volumetric resorption rate between both sites (%) 9.59 § 1.79 0.018*
Linear resorption distance in control sites

(Millimetres)
1.42 § 0.16

Linear resorption distance in test sites (Millimetres) 0.73 § 0.052
Linear resorption differences between both sites

(Millimetres)
0.69 § 0.16
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Fig. 6d). Presence of xHyA resulted in a reduced amount of residual
graft particles and a greater amount of newly formed bone in inti-
mate proximity to the residues of particulated graft (Fig. 6e and 6f).

3.3. Post hoc power analysis

The difference in bone grafting need between controls and tests in
this pilot small patient cohort was clinically relevant but not statisti-
cally significant. To assess statistical significance, the required sample
size for future studies should be 20 if the same patient is used for
both sites and 40 if both sites are assessed independently; power of
study=80%, alpha=0.05.

4. Discussion

DBBM is one of the recommended biomaterials to use when per-
forming an ARP due to its dimensional stability and low resorption
rate [10]. However, it is biologically inert which means that it only
functions as a scaffold with a low tendency for resorption [11]. De
novo bone formation rate and healing time might represent the
major vulnerabilities which characterize the DBBM particulate [5].
Henceforth, researchers and practitioners started the bio-activation
of inert biomaterials with different biological adjuncts such as xHyA,
platelet rich fibrin, enamel matrix derivates or others [12]. The vari-
ety of adjuncts and the contradictory results in the studies indicated
that further research effort should prove clinically a theoretically
proven concept [13]. The aim of this prospective split mouth study
was to evaluate clinically and radiographically the impact of xHyA
addition to the DBBM in socket preservation.

The approach used to assess the alterations in this study has been
successfully implemented as non-invasive evaluation method in
humans by the group of Chappuis et al. and Araujo et al. previously
[14]

It is known that coverage of the orifice after grafting the socket
resulted in a sufficiently better volume preservation by means of less
horizontal bone resorption [15]. The rationale of using Socket Seal
technique with a free gingival punch instead of an open membrane
cover with a collagen membrane was related to previously reported
improved volume preservation in the horizontal aspect [15] and to
6

omit any effect which may be associated with the presence of other
foreign biomaterial except the bone substitute itself [16].

4.1. Key findings

In this study, the authors tried to minimize biases at different
stages that could affect the study’s precision and reproducibility.
First, patients were carefully enrolled according to a strict selection
criterion that homogenized the extraction sockets in terms of mor-
phological shape, second the use of a novel fully computerized radio-
graphic assessment software helped by far to standardize the
measured outcomes.

The combination of xHyA mixed with DBBM showed statistically
both, a significantly lower volumetric resorption (26.96 § 1.83%) and
a linear resorption rate (0.73 § 0.052 mm), respectively, compared to
outcome achieved by using DBBM alone (36.56 § 1.69%) (1.42 § 0.16
mm). Thus, the clinical need in additional bone grafting was domi-
nant in sites treated by DBBM alone.

The reported results are in agreement with the outcomes reported
by numerous studies which illustrated the supportive role of HA in
soft and hard tissue grafting [7,17−21]. HA is a major component of
the extracellular matrix and is composed of a straight chain of glycos-
aminoglycan carbohydrate polymer [20]. Depending on its molecular
weight, HA can stimulate the neovascularization process by increas-
ing Vascular endothelial growth factor availability in-situ and has an
important role in promoting bone formation and mineralization by
altering the graft/clot morphology in a way to form a rigid 3D scaffold
that acts as a reservoir for different attracted bone growth factors
[20,22]. Moreover, HA is involved in the mediation of cellular signal-
ling, differentiation and regulation of mesenchymal cell proliferation/
adhesion through its direct influence on the CD44 trans-membrane
receptors [8]. It is also known for its bacteriostatic, fungistatic, anti-
inflammatory and anti-oedematous properties [23]. xHyA, composed
of natural and crosslinked high-molecular HA was conceptualized to
consolidate all the above-mentioned biological properties. A recent
in vitro study confirmed xHyA contribution to the overexpressed rate
of bone proteins transcribed by osteoblast-like cells in an air-lift
model [24]

4.2. Comparison with other studies

The reported results for socket volume shrinkage after using
DBBM alone are in good alignment with several previous studies
which evaluated the mean bone loss (MBL) when using xenografts in
ARP. Thus, one previous study stated a resorption rate of 1.5 mm §
0.70 4 months after using DBBM solely [25]. In the systematic review,
Majzoub et al. calculated an overall MBL with 1.47 mm in horizontal
and 0.68 mm in vertical dimension 6 months postoperatively, when
DBBM was used exclusively [26]. Despite the different measurement
techniques applied in the different studies, the values presented
there appear similar to those obtained in the present study. Further-
more, 11.5% of subjects treated with a DBBM alone for ARP needed a
supplementary bone grafting at the implant placement step [27].

To the best of authors knowledge, limited scientific evidence is
available concerning the direct effect of HA on human alveolar bone
healing, especially with respect to volume shrinkage. The data from
human studies is oscillating between different HA formulations, dif-
ferent substitutes other than DBBM and diversely distributed assess-
ment techniques/outcomes. Therefore, heterogenous results were
reported. Lorenz et al. [28] and Bladini et al. [29] showed an accelera-
tion in bone formation when HA was applied together with alloplas-
tic [28] material and autogenous bone [29] in extraction sockets.
Alcântara et al. [30] found a significantly higher rate of new bone for-
mation at an early timepoint of 30 days after extraction sockets were
filled with HA. Nevertheless, the rate of new bone formation was
equalized by day 90 in both groups, as the rate of volume shrinkage
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did, respectively. Eeckhout et al. [31] investigated the effect of HA on
the socket healing and disclosed a non-significant effect of HA. How-
ever, in contrary to the abovementioned studies the group used HA
only outside the extraction socket applying a layer on top of a colla-
gen matrix which covered the grafted socket. The socket itself was
filled just with DBBMwithout HA addition.

The measured effect on an improved preservation of the grafted
volume under HA presence was previously observed by Stiller et al.,
who used it for sinus augmentation with a synthetic graft material
[32]. After 6 months, the test group with HA resulted in a significantly
higher rate of new bone formation as well as in significantly less vol-
ume shrinkage than the control group with the graft material alone.

Despite the fact that histological evaluation was not between the
aims of our study, minimally invasive biopsies were taken to ensure
the grafted bone quality. The results favoured the combination of par-
ticulated graft with xHyA versus graft material alone. It appears that
the presence of xHyA featured increased amount of newly formed
bone, less soft tissue protrusion into the former socket and a dimin-
ished amount of residual graft particles.

4.3. Study limitations

This paper represents a pilot project for a lager randomized con-
trolled trial with a subject number of at least 20 patients, if a split
mouth design should be continued. Histomorphometric analysis and
a longer healing period should be included in order to better under-
stand the histological nature of the newly formed bone and the
behaviour of the socket area at extended healing stages.
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