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Hyaluronic acid accelerates bone repair
in human dental sockets: a randomized
triple-blind clinical trial

Abstract: This study evaluated the effects of hyaluronic acid (HA) on bone
repair of human dental sockets. Thirty-two lower first premolars were
extracted from 16 patients (2 per patient) for orthodontic reasons. Following
the extractions, one socket was randomly filled with 1% HA gel, while the
other was allowed to naturally fill with blood clot. After 30 and 90 days of
surgery, patients underwent cone beam computed tomography. Five central
orthoradial slices were captured from each socket. The gray intensity was
measured in each image and results were reported as mean percentage of
bone formation. The buccolingual alveolar ridge width was measured and
dimensional changes were compared between the postoperative intervals.
The pattern of alveolar trabecular bone was evaluated through the fractal
dimension. Treated sockets showed a higher percentage of bone formation
and fractal dimension values (58.17% and 1.098, respectively) compared
with controls (48.97% and 1.074, respectively) in the 30-day postoperative
period (p < 0.05). After 90 days, there was no significant difference between
groups. Additionally, no significant difference was found between groups
regarding the alveolar dimensions (p > 0.05). Use of 1% HA gel after tooth
extraction accelerates bone repair in human dental sockets.

Keywords: Hyaluronic Acid; Tooth Socket; Cone-Beam Computed
Tomography.

Introduction

Tooth extraction due to dental caries, periodontal disease, musculoskeletal
diseases, and facial trauma can lead to a progressive and irreversible bone
loss. As one of the main therapeutic problems in the dental clinic,' bone
loss has a great impact on dental support, esthetics, phonetics, masticatory
capacity, osseointegration, and denture stability.? In such cases, bone
surgeries and/or biomaterials grafting can be necessary for the adequate
oral rehabilitation of patients.!

Hyaluronic acid (HA), also known as sodium hyaluronate (HY) or
hyaluronan (HYA), is a high molecular weight glycosaminoglycan (GAG)
composed of repeating disaccharide non-sulfated units of D-glucuronic acid
and N-acetylglucosamine.® HA is a biomolecule of considerable importance
since it is one of the major components of the extracellular matrix and widely
distributed in several tissues, such as skin, synovial fluid, cartilage, tendons,
eyes, and most body fluids.**
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Due to its participation in several biological
processes related to morphogenesis and
tissue healing along with its biocompatibility,
biodegradability, and nonimmunogenicity, HA,
in the last decades, has become widely studied as
a powerful biomaterial for tissue engineering.®’ It
plays a key role during bone repair by stimulating
cell migration, adhesion, and proliferation of
undifferentiated mesenchymal cells inducing
their differentiation into osteoblastic cells.®%'
Because of its physicochemical properties, it can
retain osteoinductive growth factors into the local
environment, as well as mediate the adhesion
of osteoclasts to the bone surface and accelerate
revascularization and bone formation in vitro.***12

More recently, HA-based materials have been
applied into bone defects of animal models alone,
associated to scaffolds, or as a carrier of growth factors,
promoting and/or enhancing bone formation."!
Accordingly, Mendes et al.”® reported that 1% HA
accelerates the healing process after extraction of
maxillary first molars of rats by stimulating the
expression of osteogenic proteins, such as BMP-2
and osteopontin.

Despite the fact that HA is widely used in many
medical fields, such as dermatology as a dermal
filler,” ophthalmology,'® and orthopedics as an
anti-inflammatory agent in various inflammatory
conditions, clinical applications of HA in Dentistry
are still little known. Recent investigations found
that HA appears to offer a beneficial effect on the
management of swelling and trismus' and on
the inflammatory reaction following third molar
extraction surgery.”® Also, along with guided tissue
regeneration, a HA-based matrix induced a significant
added benefit in terms of clinical attachment level
(CAL) gain, reduction of radiographic defect depth,
and probing pocket depth.”” In addition, significantly
improved outcomes following esthetic reconstruction
of interdental papilla loss were observed.” Regarding
wound healing, the use of a gel containing amino
acids and HY promoted faster healing by secondary
intention in laser-induced wounds.?! Thus, the effects
of HA on human bone repair in maxillofacial regions
remain to be investigated, mainly in terms of bone
repair. In this context, the aim of the present study
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was to evaluate the effects of HA on bone repair of
human dental sockets.

Methodology

Study design

This study was approved by the National
Research Ethics Committee (CONEP) (protocol
#656/2011), registered in the clinicaltrials.gov platform
(#NCT02709525) and conducted in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
statement.” It wa a prospective, randomized, controlled
(split-mouth), and triple-blind clinical trial. Each
patient signed a statement of informed consent prior to
participation in the study. For patients under 18 years
old, their parents/caregivers signed the statement of
informed consent.

There was no change in the methodology after
the trial commencement.

Sample size calculation and pilot study

The sample size was calculated based on the
outcome measure percentage of bone formation
and the estimate for the comparison of repeated
quantitative measurements was used for calculation.”
A 95% confidence level, a standard deviation of 207.327,
and a difference between groups of at least 5 points
(parameters obtained from a pilot study involving
5 patients) were considered to calculate the sample
size. A minimum of 16 patients was determined.

Sample selection and eligibility criteria

The subjects were carefully selected from the
orthodontic clinics of the Brazilian Dental Association
(ABO-MG), as well as of the Federal University of
Minas Gerais (UFMG) from August 2012 to July 2015,
and the surgeries and follow-ups ended in March
2016. All patients responded to a health questionnaire
and were clinically evaluated. The inclusion criteria
were healthy volunteers aged 14 to 40 years with
an orthodontic indication for bilateral extraction of
mandibular first premolars. The exclusion criteria were
history of alcoholism, smoking and/or drug abuse;
pregnancy or lactation; systemic diseases (uncontrolled
diabetes, blood dyscrasias, kidney or heart failure,
and osteoporosis); clinical or radiographic signs of
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bone pathological processes, premolars with dental
caries, periodontal disease, endodontic treatment or
root fracture; and hypersensitivity to the drugs or
other substances employed in the study.

Randomization

Each patient underwent bilateral extraction of the
lower first premolars, and the sockets were randomly
divided into: i) sockets filled with 1% HA (group A)
and ii) sockets filled with blood clot - control (group
B). A researcher who was not directly involved in the
outcomes evaluation performed the randomization
using two opaque, labeled, and sealed envelopes.
The envelope #1 contained 16 cards labeled right or
left and the envelope #2 contained 16 cards labeled
with the groups (group A or group B). A sequentially
numbered list (1 to 16 - the number of patients) with
a combination obtained by means of a draw of the
group and side of the surgery was created. After
determining the side that should be filled with HA,
the contralateral side was automatically designated as
control. The specific combination (HA-left and control-
right, for example) of the 16 cases was known only by
the researcher responsible for randomization. For each
patient enrolled, this researcher informed the assistant
surgeon which side was allocated to receive HA.

Surgical procedures and dental
sockets treatment

A single operator performed the extraction
procedures. The HA gel (NIKKOL manufacturer)
was provided by BS Pharma, Belo Horizonte, MG,
Brazil. Application of the HA gel was made by the
assistant surgeon. The extractions of both lower
premolars were performed under local anesthesia
[2% lidocaine with 1:100,000 epinephrine (Alphacaine
100; DFL, Rio de Janeiro, R], Brazil)], and a forceps for
premolars (#151) (Quinelato, Rio Claro, SF, Brazil) was
used following the standard technique. The sockets
were sutured with interrupted “X” stitches using
5.0 silk thread (Technew, Rio de Janeiro, R], Brazil).
Immediately after the sutures, the selected socket
was filled with 1% HA (approximately 1 mL) using
a sterile disposable syringe and needle (Descarpack,
Sao Paulo, SP, Brazil), while the contralateral socket
was left untreated, naturally filled with blood clot.

The syringe was taken into position for 30 seconds
in both sockets, but the HA gel was applied only
in the socket selected to receive the treatment. This
maneuver was aimed at keeping the patient unaware
of which socket received the treatment.

All patients received the same post-surgical
medication [paracetamol/acetaminophen 750 mg
(Janssen Cilag Farmacéutica, Sdo Paulo, SP, Brazil)
every 6 hours, as needed for pain control, for a
maximum of 3 days] and post-operative written
recommendations. Patients were not informed about
which side received HA. At the end of the surgical
procedure, patients were instructed to maintain a
sterile gauze between the arches for approximately
30 minutes.

Cone beam computed tomography (CBCT)

Each patient underwent CBCT scans at two post-
operative periods: 30 days and 90 days after surgery.
The scans were performed in the [-CAT® device (Model
Next Generation - Imaging Sciences International -
Hatfield, PA, USA). The examinations were performed
with voxel of 0.25 mm, 7x16 cm field of view, and
exposure time of 26.9 seconds. The images obtained
were used for analyzing the alveolar dimensional
changes, morphometric evaluation of the percentage
of newly formed bone, and mean fractal dimension
(FD). These parameters were analyzed by a single
trained and calibrated examiner who was blinded
to which sockets received HA. This examiner went
through a training exercise and calibration prior to
the main study. Calibration was performed using
random 10 images, in which the examiner performed
the measurements in two separate occasions with a
15-day interval. The intra-class correlation coefficient
ranged from 0.87 to 0.94, showing that the examiner
was calibrated for the analyses.

Alveolar dimensional changes

The images were evaluated as follows: a. the long
axis of the socket was aligned vertically in the coronal
and sagittal planes (during multiplane reconstruction);
b. after the panoramic reconstruction, orthoradial
slices (1 mm thick and 1 mm spacing) perpendicular
to surfaces of buccolingual plates of the alveolar
ridge on axial view were determined in the region
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where the tooth was extracted; c. in the 30-day period,
the distance from the apex to the outer limit of the
basilar in the most central slice (standardization for
evaluation of the 90-day tomography) was measured;
d. subsequently, the socket was measured (apex to
cervical) and divided into three thirds (cervical, middle,
and apical). The buccolingual alveolar ridge width was
measured and compared with the postoperative data
to evaluate possible alveolar dimensional changes. The
measurements were made at the center of each third
portion of the socket: cervical, middle, and apical.

Morphometric evaluation and fractal
dimension analysis

The methodology used to measure bone formation
inside the tooth sockets was adapted from Miranda
et al.** Five representative images of each socket
were captured, totaling 80 images per group. In
each image, the examiner delimited the area of
the socket (region of interest - ROI) and the gray
intensity was measured using the KS300 software
coupled to a Carl Zeiss image analyzer (Carl Zeiss,
Oberkochen, Germany). The high intensity areas
(HIA) corresponded to the more mature bone tissue,
while the weak intensity areas (WIA) corresponded
to fibrin matrix, inflammatory process, and blood
clot. Thus, at the delimited dental socket area (ROI),
pixels of light gray tones corresponding to areas of
bone formation were selected and then a binary image
was created to calculate the area in mm?. Then, all
pixels of the ROI were selected for the calculation of
the socket total area (STA). The percentage of formed
bone was obtained through the following formula:
mean socket filling = [HIA (mm?)/STA(mm?)] x 100.

To perform fractal dimension (FD) analysis, five
digital images of each side were processed in accordance
to White and Rudolph.” Data were analyzed with the
Image] software (Image J, US National Institutes of
Health, Bethesda, MD, USA). The ROI analysis was
defined as encompassing all socket extension, excluding
the alveolar lamina dura. The calculation of the FD
was conducted by the box-counting method. The ROI
was selected, cropped, and subsequently duplicated.
This double image was blurred with a Gaussian filter
(sigma-35) and subtracted from the original image.
Then, a gray value of 128 was added to each pixel
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location and the resultant image was converted into a
binary image, with black representing bone and white
representing marrow spaces. The image was eroded
and dilated to reduce noise and finally skeletonized
for FD analysis (Figure 1).

Statistical analysis

Data were organized in the Statistical Package
for Social Sciences (SPSS) version 20.0 Statistics (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
performed, as well as the Shapiro-Wilk normality test
to evaluate the distribution of the data. Non-parametric
(Wilcoxon) or parametric (paired Student’s t test)
tests were used to compare the groups. The level of
significance for all the analyzed data was p <0.05. The
statistician was also unaware treatment, which was
only revealed after the data acquisition and analysis.

Results

Flow diagram for patient recruitment and selection
is displayed in Figure 2. Thirty-two lower premolars
were extracted from 16 patients with a mean age of
18.67 (SD = 7.95) years with orthodontic indication of
bilateral extraction. Patients participated of all stages
of the trial and there was no segment loss. The sockets
filled with 1% HA presented a higher percentage of
newly formed bone than the untreated sockets in the
postoperative period of 30 days (p = 0.004) (Figures
3 and 4). However, no significant difference was
observed in the 90-day period (p = 0.216) (Figure 3).

In terms of buccolingual alveolar ridge width at the
three thirds of the sockets, no significant difference
was viewed between the groups (p > 0.05) (Table).
Also, when comparing the evolution of bone loss
between the first and third postoperative month, no
significant difference between the groups was found.
The mean bone losses in the cervical, middle, and
apical thirds were 0.71, 0.25, and 0.19 for HA-treated
sockets and 0.75, 0.54, and 0.21 for the control sockets.
Regarding the analysis of the FD, a significant increase
in the HA-treated group at 30 days (1.098 + 0.042 vs.
1.074 + 0.045 in control group, p = 0.003) was found,
but not at 90 days after the surgery, when compared
with the untreated group (Figure 5).
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Figure 1. Steps for fractal dimension analysis of dental socket. A - orthoradial slice of cone beam computed tomography; B -
selected region of interest (socket); C - blurred image with Gaussian filter; D - image subtraction result; E - added gray value of
128; F - binary image; G - eroded image; H - dilated image; | - skeletonized image.

Flow Diagram

Assessed for elegibility
N=16 patients (32 tooth extractions)

Randomized
[ twoliment ] s

Sockets filled with 1% HA
(n=18)

Sockets filled with clot - control

(n=16)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=16) Analysed (n=16)
* Excluded from analysis (n=0) ¢ Excluded from analysis (n=0)

Figure 2. Study flow diagram.
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Socket treated with hyaluronic acid
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Figure 3. Representative slices of cone beam computed tomography of control and 1% hyaluronic acid (HA)-treated sockets at 30 days
after tooth extraction. Top panel - socket treated with HA; bottom panel - control socket. 1 - delimitation of the region of interest (dental
socket); 2 - total area of the socket; 3 - overlapped area of intra-alveolar newly formed bone; 4 - demarcation of high intensity areas.
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Postoperative periods

Figure 4. Percentage of newly formed bone in tooth sockets
of hyaluronic acid (HA) and control groups at 30 and 90 days
after surgery. *p<0.05 (Paired t test).

Discussion

The purpose of this study was to investigate if
sockets filled with HA gel present any improvement on
bone formation regarding time and alveolar dimension
preservation. To the best of our knowledge, this is the
first study to assess the effect of HA on bone formation
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Table. Buccolingual alveolar ridge width at the three thirds of
the sockets (cervical, middle, and apical).

Experimental group —

Postoperative Socket mean (SD) |
inferval third p-vaive
Control HA
Cervical  7.90 (1.34) 8.29 (1.43)
30 days Middle 8.87(1.72) 8.83(1.71) > 0.05
Apical  9.31(1.75) 9.23(1.88)
Cervical  7.14 (1.26) 7.73(1.40)
90 days Middle  8.33 (1.68) 8.57 (1.89) > 0.05

Apical  9.09 (1.68) 9.04 (2.06)

No significant differences between the groups were found. Paired
T-test or Wilcoxon Test.

in human dental sockets. In tooth sockets of rats, HA
accelerated the healing process after extraction of first
molars.”® Histological and morphometric analyses
showed a significant increase in bone trabeculae at 7
and 21 days after tooth extraction and number of blood
vessels at 7 days. Furthermore, the expression of BMP-2
and osteopontin were enhanced in HA-treated sockets
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Figure 5. Representative (1) original image, (2) skeletonized image, and (3) overlapped images of (A) control socket and (B)
hyaluronic acid (HA)-treated socket after 30 days of healing process.

The experimental model adopted (split-mouth)
enables each patient to act as his/her own control,
minimizing individual factors that might interfere
in the results of the study. The use of fresh sockets
of lower first premolars with orthodontic extraction
indication was practical, since these teeth have only
one root, have no signs of inflammation, and are
frequently extracted due to orthodontic treatment.
On the other hand, the impossibility of performing
histological analysis and long-term evaluation
represent important limitations of the study model.

Many strategies adopted immediately after
extraction have proven to maintain bone dimensions.*
The process of resorption and bone remodeling is
more intense in the first three months after extraction
and the control of this process remains a challenge
in Dentistry. At 30 days, it was observed that bone
formation was more advanced in sockets filled with
HA, whereas at 90 days treated and control sockets
had similar bone density pattern, showing that the
biomaterial had a positive influence in the beginning
of the alveolar healing process. In this context, authors
have shown that HA plays a crucial role in wound
healing and inflammatory processes since it can
bind to several important proteins of the healing
cascade such as fibrin, fibrinogen, fibronectin, and
collagen.*” In addition, it has been proposed that HA
can protect the granulation tissue from damage caused
by oxygen free radicals by its ability to eliminate
reactive oxygen species.”® The HA molecule probably
interacts with CD44 or RHAMM on the surface of

endothelial cells, although the contribution of each
receptor is controversial.?

Evaluation of bone formation using CBCT is done
using various methods without standardization,
making it difficult to compare studies. The use of
Hounsfield units (HU) is a controversial subject in the
literature since the consistency and accuracy of the
values remain elusive.” On the other hand, a study*
carried out morphometric analysis using the software
KS300, applying the gray intensity to compare bone
formation in images captured by CBCT.

Because trabecular bone structure is quite complex,
numerical quantification of bone formation is also
complex. Trabecular bone has a branching pattern
that displays fractal properties, such as statistical
self-similarity and lack of well-defined scale. Thus,
due to these phenomena, the application and analysis
of fractal geometry can be used to determine the
complexity and trabecular bone structure.®® FD, a
numerical expression of the fractal analysis, is a
method of analysis relatively new in Dentistry. It
can be calculated by different ways, but the most
common method in dental x-rays and CT scans is
the box counting due to its easy implementation
and access.” In general, FD has a good correlation
with bone mass® and it has been used as a tool to
detect early changes in periapical trabecular bone
pattern after endodontic treatment.**** In addition, FD
associated with CBCT has been utilized to evaluate
bone alterations in patients with osteonecrosis linked
to bisphosphonates,® as well as bone formation in
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studies of dental implants.’** In our study, it was
possible to evaluate the bone structural complexity
and observe that the sockets that received HA had
a higher bone formation. Unfortunately, due to
methodological differences among the studies, these
results cannot be compared with other works.

For these reasons, various strategies that involve
alveolar ridge preservation and/or replacement of
the bone structure have been proposed to overcome
atrophic changes in the alveolar process healing.®
Here, no difference in relation to dimensional changes
of the alveolar process was observed. A similar result
was found in a previous study comparing dimensional
changes between sockets filled with an osteoinductive
allograft and with blood clot.*¥ On the other hand, the
capacity of HA to accelerate bone repair during the
first 30 days after surgery can lead to an improved
patient well-being, since it appears to reduce post-
operatory signals/symptoms such as trismus and
swelling."” Besides that, some studies have shown
that HA possesses antibacterial properties,* which
is a desirable action during surgical interventions.

Although in the last few years the anti-
inflammatory, osteoinductive, bacteriostatic, and
other beneficial effects of HA have emerged as possible
therapies in Dentistry, its full effectiveness for clinical
application still requires further investigations. The
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