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accelerating alveolar bone remodelling during
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Objective: The aim of this study was to evaluate the effects of high molecular weight hyaluronic acid [HMWHA) and low
molecular weight hyaluronic acid (LMVWHA) on alveolar bone remodelling during orthodontic tooth movement (OTM).

Materials and methods: The study involved 60 Wistar-Albino rats, divided into two main groups and further divided based

on time periods (1, 3, 7, 14, and 21 days| therefore containing 6 rats in each subgroup. Orthodontic mesialisation of the
maxillary first molars was bilaterally achieved using nickeHitanium closed coil springs. In Group |, the right side was injected with
HMWHA, while in Group I, the right side was injected with LIMVWHA.. The left side of all rats was injected with normal saline.
OTM was measured using 3-dimensional digital models. Alveolar bone volume in the interradicular areas of the first molars was
evaluated through histomorphometric and immunohistochemical analyses of receptor activator of nuclear factorkB ligand (RANKL)
and osteoprotegerin (OPG).

Results: Histologically, on days 14 and 21, the number of osfeoclasts on the experimental sides was higher than on the control
sides in both groups. On day 21, the amount of OTM in the HMWHAinjected group was 1.4 times greater than in the control
group. Both types of hyaluronic acid increased the RANKL/OPG ratio.

Conclusion: The injection of HA may accelerate orthodontic tooth movement by decreasing alveolar bone density and enhancing
bone cell proliferation.
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Introduction

Hyaluronic acid (HA) is a unique compound
that, despite its simple chemical structure,
possesses distinctive properties. It consists of large,
negatively charged polysaccharides that participate
in various biological processes, acting as either a
passive molecule or as a signalling molecule. The

hydrophilic nature and viscoelasticity of HA are
responsible for its passive action by regulating tissue
hydration, modulating the osmo-regulation process
and maintaining the components of extracellular
matrices. In addition, the ability of HA binding to
specific proteins on the same cell or neighbouring
cells leads to the stimulation of a signalling pathway
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for inflammatory events, plus the differentiation and
migration of cells. It has been emphasised that the
effect mechanisms of HA are related to a great extent
on its molecular weight (MW) that plays a crucial
role in the mode of action."

As a biocompatible material, HA applications have
been investigated within different medical fields,
while its effect on bone tissue has been assessed
in vitro which has indicated a significant role in
the differentiation of osteoclasts.* The rate of cell
adhesion is also inversely affected by HA.' This
remarkable substance has been proven to be effective
in accelerating the bone healing process after tooth
extraction by enhancing re-vascularisation, osteo-
induction, osteo-conduction and remodelling” HA
has demonstrated a strong bone-repair capability in
critical size bone defects by inducing almost complete
healing within 2 weeks through the promotion of
osteoblastic cell adhesion and calcium binding.®

The long duration of orthodontic treatment, often
lasting between 1.5 and 3 years, is a major concern
for both patients and clinicians.” A shorter treatment
time is preferred as it reduces the harmful side effects
of orthodontic treatment, such as external apical
root resorption,® poor oral hygiene related issues like
periodontitis, gingivitis,” the development of white
spot lesions, and a higher prevalence of caries.”
Another critical factor for consideration is the
financial aspect of extended orthodontic treatment,
so accelerated treatment is more cost effective for
the orthodontist and the patient."” Consequently, the
acceleration of orthodontic treatment has attracted
significant interest among clinicians and researchers.
During orthodontic  tooth  movement, bone
formation and bone destruction occur and the rate
of this remodelling cycle is the determining factor
governing the duration of orthodontic treatment.'?
The bone remodelling process is driven by bone
cells (osteoblasts, osteoclasts and osteocytes); while
osteoclasts resorb the bone on the compression side,
osteoblasts form new bone on the tension side."”

In the light of previous in vitro and clinical
studies regarding the correlation of HA with bone
tissue, the present study was conducted based on
a hypothesis that HA might influence the rate of
OTM by regulating alveolar bone remodelling. A
review of the literature revealed a limited number
of studies that evaluated the relationship between
tooth movement and hyaluronic acid. A past study
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employed histochemical methods to analyse the
distribution of HA within the periodontal ligament
during orthodontic tooth movement in rats." The
research design analysed the molecules expressed
during experimental orthodontic tooth movement
to define the histochemical changes in the natural
process rather than examine accelerated tooth
movement. A related study failed to assess the effect
of HA molecules of different weights.” Additionally,
the conducted histological evaluation did not include
an expression analysis of key molecules associated
with tooth movement, and was limited to a basic
observational assessment.”

In light of the paucity of the existing literature,
the present study, aimed to determine the effect of
HA on tooth movement by identifying the optimal
molecular weight HA through histomorphometric
and immunohistochemical analysis, with the
expectation of providing a significant contribution to

this field of research.

Materials and methods

The experimental protocol was reviewed and approved
by the Committee of Experiment Animal Care in
Gaziantep University. (Protocol no: 2019/3/82).
Sixty male Wistar-Albino rats (277.35 + 50.16 g, 10
weeks old) were obtained and accommodated in the
University Laboratory Animal Science Centre. The
rats were kept in polycarbonate boxes at temperatures
between 19°C and 22°C, and humidity of 40% to
50%, in a photoperiod of 12/12 hr starting at 8.00
am.

The rats were randomly allocated into two groups in
a split mouth study with the right side designated as
the experimental side and the left side as a control.
Each group was divided into five subgroups of six rats
according to the schedule of 1, 3, 7, 14, and 21 days.
An orthodontic model was established by the bilateral
mesialisation of the maxillary molars as previously
described.’® All the procedures were performed
under general anesthesia using a combination of
xylazine hydrochloride (10 mg/kg) and ketamine
hydrochloride (100 mg/kg). An impression of the
maxilla was taken using vinyl polysiloxane material
(Oran wash L, Zhemarck, Rovigo, Italy) in a custom-
made impression tray which was kept at room
temperature for not more than 3 hr prior to scanning

and digital modelling.
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Figure 1. Orthodontic appliance in situ.

Nickel titanium closed coil springs (G&H
Orthodontics, Franklin, USA) were applied to provide
an orthodontic force. The closed coil spring was
fixed to the incisors with a ligature wire (0.08 inch)
passed through a hole of 0.5 mm diameter drilled
perpendicular to the long axis at the gingival level
of incisors as shown in Figure 1. An applied force of
40g was measured by a dynamometer (Correx, Haag-
Streit, Berne, Switzerland) as described in previous
literature.” In order to stabilise the appliance and
prevent soft tissue damage, light cured glass ionomer
cement (3M UnitekTM Multi-Cure Glass Ionomer
Orthodontic Band Cement, Monrovia, California,
USA) was placed on the posterior and anterior end
of the ligature wire with no further activation of
the appliance after the initial delivery. The lower
incisors were trimmed by a metal diamond disk
(G&H Orthodontics, Franklin, USA) using a micro
drill (Omnidril 35, World Precision Instruments,

Sarasota, Florida, USA) to prevent breakage of the
appliance. Because of continuous eruption of the
lower incisors in rodents, the trimming procedure
was repeated every three days and the appliance
was checked daily for breakage. After placement of
the closed coil springs, HMWHA (Synvisc, Sanofi-
Aventis, Quebec, Canada) (6000kDa) was injected
into the right side of Group I; LMWHA (Hyalrat,
Fidia Farmaceutici S.P.A, Padua, Italy) (500 to 750
kDa) was injected into the right side of Group II,
while 0.9% NaCl was injected to the left side of both
groups. The HA agent and 0.9% NaCl were injected
into the buccal sulcus adjacent to the upper 1st molar
at a dose of 10 pul which is the maximum amount
accepted by the paradental tissues without overflow.

During the experimental period, the general
condition of the rats and their orthodontic appliances
were checked daily and the animals were fed pellets
in powder form and water, ad libitum. All the
animals were weighed daily which revealed a decrease
in their body weight for 3 days after placement of the
appliance before recovery. The rats with declining
general condition or with a broken appliance were
replaced by rats of the same weight and age and a
repetition of the experimental steps before exclusion.

Immediately after the removal of the traction
appliance from the maxilla, the animal was sacrificed
by a high dose of anesthetic solution and an
impression was retaken and digitally scanned on the
same day. Digital scanning and OTM measurements
were performed using 3Shape Lab Scanner (D-250;
3Shape, Copenhagen, Denmark) and 3Shape Dental
System Premium Software Version 19.1 (3Shape,
Copenhagen, Denmark). After scanning, the 3D
images were transferred to Dental CAD software
(Version 2016.10 Valetta, Exocad, Darmstads,
Germany). Tooth movement measurements were
conducted on the digital models obtained from the
impressions taken before and after the procedure. For
the superimposition, the peaks of the first, second,
and third maxillary rugae on both the right and left
sides were identified as reference points. The points
were consistent and unaffected by tooth movement
nor orthodontic treatment, making them suitable for
precise superimposition. This is visually represented
in Figure 2, in which the blue points indicate the
reference points for the superimpositions. All the
measurements were conducted along the occlusal
plane.

174 Australasian Orthodontic Journal Volume 40 No. 2 2024



als

INJECTABLE HYALURONIC ACID

Figure 2. 3D model: A, The blue points refer to the superimposition points and measurements of molar rotation around ifs long axis. B, Measurement of

orthodontic tooth movement, green point refer to TO, red point refer to T1.

Additionally, the first molar’s mesial marginal ridge
midpoint was marked separately on the pretreatment
and posttreatment models, which allowed the
measurement of tooth movement between these
two points, as described previously.”® During the
mesialisation of the maxillary 1st molar by the closed
coil spring, axial rotation of the tooth may affect the
accuracy of the tooth movement measurements. To
account for this, the angle formed between two lines:
one passing through the distal and mesial contact
points of the Ist molar and the other passing through
the palatal suture, was measured. The angle was
determined on the digital impressions at TO and T1,
and the molar rotation was calculated as previously

described.”

The dissected maxilla was separated into two
halves along the mid-palatal suture by a surgical
blade. Tissue samples were fixed in 10% neutral
formaldehyde for 2 to 3 days, following which samples
were thoroughly washed with phosphate-buffered
saline (PBS) to remove formalin and decalcified by
a hydrochloric acid/formic acid solution (Biodec R,
Bio-Optica, Milano, Italy), which was changed once
a week for 3 weeks.

The decalcified tissues were dehydrated through a series
of alcohol concentrations before being histologically

prepared and embedded in paraffin blocks. Each block

was cut longitudinally parallel to the long axis of the
first molar at a thickness of 5 pm up to the level of the
radicular pulp. Three of the prepared histological slides
in each sample, which were taken from the beginning,
middle, and end of the sections, were stained with
haematoxylin and eosin (HE).

Stained specimens were viewed under a light
microscope (Nikon Eclipse E400, Nikon, Tokyo,
Japan). For each specimen, the same area was captured,
and transferred to a computer and calibrated with a
Nikon micro-meter slide (Nikon, Tokyo, Japan). All
photographs were evaluated using Clemex Vision
Lite Image Analysis 3.5) (Clemex Technologies,
Longueuil, Canada). An area of 1.5 pum? in the
interradicular area of each section was examined in
both the experimental and control group.

‘The osteoblastic cells were considered as those which
had a cuboid shape with basophilic cytoplasm
and a polarised nucleus, while the osteoclasts were
identified by noting cells sited near bone and which
had an irregular outline and multiple nuclei.

The number of osteoclasts were scored in three areas
for every stained slide and included the distal aspect
of the mesial root, the mesial aspect of the distal root
and the furcation area. The parameters were scored as
+1 (none or less than 3 cells), +2 (3 to 5 cells), +3 (6 to
8 cells), +4 (8 to 10 cells) and +5 (more than 10 cells)
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by two researchers who were blinded to the nature of
the samples.

The volume of the alveolar bone was stereologically
measured using the Image ] program (Bone ]2
plugin, version 1.5, Wyne Rasband). The surface area
of the alveolar bone in each section was calculated
and multiplied by the thickness of the 5 m section
to determine the bone volume of each section.
Total bone volume of the sample was estimated by
multiplying the calculated volumes by the section
sampling fraction. To assess bone density, the
bone volume to total volume ratio (BV/TV) was
calculated. The ratio represents the proportion of
the bone volume relative to the total volume of all
structures including alveolar bone, periodontal
ligament, connective tissue and bone marrow cavities
as previously described.”

For a more detailed assessment of osteoclastic activity,
an immunohistochemical analysis of RANKL and
OPG was performed. The specimen was cleared
with xylene (30 min), rehydrated in alcohol, and
placed in distilled water (5 min). Sections were
treated with 0.5% trypsin (15 min), blocked with 3%
hydrogen peroxide (5 min), and washed three times
in phosphate buffer saline (PBS). After immersing in
blocking serum (1 h), the primary antibodies were
incubated overnight. The next day, the sections were
re-washed in PBS, stained with streptavidin-biotin
secondary antibody (Zymed Histostain kit San
Francisco, USA) for 30 min, and treated with DAB
(5 min). Finally, sections were counterstained with
Mayer’s haematoxylin (72804E, Microm, Walldorf,
Germany), washed in distilled water, and mounted in
permanent media.

Catabolic and anabolic activities of alveolar bone
were assessed by evaluating the osteoclastogenic
expression of RANKL and OPG which is a decoy
receptor that inhibits osteoclast activity and favours
bone preservation. The intensity and distribution of
RANKL and OPG staining were quantified using
an H-score. which considers both the intensity
and the percentage of cells expressing each marker.
This score provides a numeric measure of RANKL
and OPG levels and serves as a critical indicator of
bone remodelling status, in which a higher ratio
indicates increased resorptive activity, and a lower
ratio suggests anabolic, bone-preserving conditions.
The stained cells were counted as (0) = negative;
(1) = weak positive; (2) = positive; (3) = strong

positive. and evaluated with an H-score that was
obtained by the formula:*°

HSCORE= [1x(% Cells 1+)+2x
(% Cells 2+)+3x (% Cells 3+)]

A statistical analysis was conducted using SPSS
version 22.0 software (SPSS Inc., Chicago, IL, USA).
In each group, the descriptive mean and standard
deviation of each parameter were determined. The
compatibility of numerical variables to normal
distribution was tested by applying the Shapiro—
Wilk test. The paired Student’s # test was used in a
comparison of normally distributed variables in two
dependent measurements. An unpaired Student’s #
test was used in a comparison of normally distributed
variables in two independent groups. A significance
level of p < 0.05 was applied for all statistical
comparisons and the results were evaluated at a
confidence interval of 95%.

Results

The reliability of the measurements was determined
by the intraclass correlation coefficient values of
bone density and OTM which were above 0.9 for
all subgroups. In the HMWHA injected sides, a
statistically significant increase in tooth movement
from the Ist to the 2Ist day occurred, while
LMWHA showed a statistically significant increase
in tooth movement from the 3rd to the 21st day when
compared to the control side (» < 0.05) (Table I).
Even though the level of OTM in the HMWHA
injected side was greater than the LMWHA injected
side, no significant difference was found between
the two until day 21 when HMWHA revealed greater
significant tooth movement than LMWHA (p < 0.001)
as shown in Table II and illustrated in Figure 3.

As a result of the histomorphometric analysis of
the alveolar bone, no significant difference was
found between the experimental and control sides
until day 14 at which time a significant decrease in
the BV/TV ratio was found (p < 0.05). The bone
formation increased again between day 14 and day
21 in all groups but was still significantly lower than
the control side (p<0.05) (Table III). No significant
differences were noted between the high and low

MY groups following a comparison of the intergroup
results for the BV/TV ratio.

The number of osteoclasts increased significantly in
the HA injected tissues in comparison to the control
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Table I. Comparison of tooth movements between experimental and control sides on each observational day (Mean + SD) {mm)

Group Experimental Conrol P
Group I Day 1 0.046 + 0.009 0.026 + 0.01 0.002"
Group - Day 3 0.469 + 0.024 0.341 + 0.028 0.001™
Croup - Day 7 0.67 + 0.024 0.456 + 0.028 0.001"
Croup - Day 14 0.989 + 0.045 0.54 £ 0.047 0.0017"
Group - Day 21 1.143 + 0.054 0.93 +0.048 0.001™"
Group Il Day 1 0.033 + 0.008 0.026 + 0.007 0.06
Group Il Day 3 0.45 + 0.039 0.346 + 0.026 0.001"
Group II- Day 7 0.637 + 0.039 0.444 + 0.026 0.0017"
Group Il-Day 14 0.964 + 0.067 0.552 + 0.056 0.001™"
Group Il Day 21 0.977 +0.035 0.866 + 0.037 0.001™
Paired Student's t test, Significance level *p < 0.01, **p < 0.001.
Table II. Intragroup Comparison of OTM Amount (Mean = SD) {mm)
Day 1 Day / Day 14 Day 21
Experimental 0.046+0.009 047 +0.024 0.67+0.024 0.989+0.045 1.143 +0.054
Side
0.033+£0.008 0.45+0.039 0.637+0.039 0.964 +0.067 0.977 +0.035
0.009" 0.165 0.07 0.233 <0.001"
Control Side 0.026 +0.01 0.341 +0.028 0.456+0.028 0.54+0.047 0.93 +0.048

0.026 £ 0.007 0.346 £ 0.026 0.444 £ 0.026

0.552 £+ 0.056 0.866 + 0.037

0.493

0.374

0,133

0.347 0.07

Unpaired Student's t fest,

14

12

08

0.6

04

0.2

[ I

Significance level *p < 0.01, **p < 0.001.
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Figure 3. Comparison of OTM amount in all fime points between groups | and Il (E): experimental, (C) control.
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Table lll. BV/TV Percenfage in Experimental and Control Groups (Mean + SD) (%)

Group Experimental Control p
Group |- Day 1 47254 + 2.528 47.270 + 2.205 NS
Group I- Day 3 43.458 £ 2.44 42.050 £ 1.522 NS
Group |- Day 7 29.164 + 3.846 31.296 + 3.828 NS
Group |- Day 14 25.594 £ 3.562 31.088 + 3.222 0.05"
Group |- Day 21 32.111 £ 0.7840 39.890 + 2.068 0.05°
Group |- Day 1 47.884 + 2.340 45846 + 2.727 NS
Group II- Day 3 46.089 + 3.447 46.168 + 3.042 NS
Group II- Day 7 26.818 £ 3.910 27.026 £ 3.489 NS
Group II- Day 14 26.379 + 3.757 32.386 + 3.825 0.05"
Group II- Day 21 36.071 £2.632 392.459 £ 2.028 0.05”

Paired Student's f fest, Significance level *p < 0.05, NS; nonsignificant.

sides on days 14 and 21 which matches the bone
volume results (Table IV). Representative images of
histological sections are shown in Figure 4.

The RANKL/OPG ratio in the HA experimental
side was found to be significantly higher than the
control sides at days 14 and 21 (p < 0.05) (Table V).
A gradual increase in the RANKL/OPG ratio was
observed from baseline towards day 21 that showed
higher significance on day 7 in LMWHA group
and on day 21 in HMWHA group as illustrated
in Figure 5. Representative histologic images of
RANKL and OPG expression are shown in Figure 6.

Discussion

An acceleration of OTM can be achieved by
increasing the number of the involved bone cells in
alveolar bone remodelling to accelerate the resorption/
formation cycle or by decreasing the bone resistance
to tooth movement. HA is an agent involved in bone
remodelling and has an important role in osteoclast
proliferation.* According to past research, the MW
of HA plays an important role in its efficacy."” The
present study was therefore conducted to evaluate
and compare the effect of the local injection of high
and low MW HA on alveolar bone density through
the modification of bone cytokine mediators and the
resultant effect on the rate of OTM. To assess bone
response in vivo, the acceleration effect of HA on
tooth movement was revealed in a rat model.

Table IV. Number of Osteoclasts in Study Groups (Mean + SD)

(+1/+5 Score)

Experimental Control p
Group |- 1.35+£0.17 1.34+£0.19 p>0.05
Day 1
Group |- 201 +£032 1.89+£02/7 p>0.05
Day 3
Group |- 3.83+£041 25+£055 p>0.05
Day 7/
Group I- 5+0.89 2.5+0.57 p <
Day 14 0.001™"
Group I- 6.33 £0.81 3+0.89 p<
Day 21 0.001"
Group I 1.41£023 1.36+£021 p>0.05
Day 1
Growp I 2.13+£029 1.74+£027 p>0.05
Day 3
Group - 3.17+£075 233+£052 p>005
Day /
Group - 4.67£1.21 283075 p<0.05
Day 14
Group - 517 1.17 333081 p<0.05
Day 21

Paired Student's tfest, Significance level “p<0.05, **Significance level p

<0.001.
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Figure 4. Histologic images of osteoclast cells in interradicular area of maxillary molar on day 14 and 21: A, Gl experimental side on day 14. B, Gll ex-
perimental side on day 14. C, Saline injected side onday 14. D, Gl experimental side on day 21. E, Gll experimental side on day 21. F, Saline injected

side on day 21.

Two main techniques were used for calculating the
bony parameters in previous studies: the stereological
method and the microtomography method#2!.
Gulec et al. calculated the BV/TV ratio in the
interradicular area of the lst molar by stereological
analysis to assess alveolar bone density."® Meh et al.
estimated bone volume density around the five roots
of the rat 1st molar by a point counting stereological
method.” Additional studies used micro-computed
tomography to measure the bone parameters of
volume and density.®?' In the present study, the
stereological analysis of bone tissue was used for the
interpretation of three-dimensional bone parameters
from two-dimensional sections due to limitations of
micro-tomography related to artefacts associated with
radiation,” the difficulty in achieving a standard
position for the scanning of the animals,”® and the
effect of radiation dose on bone metabolism that
described a loss of about 30% of BV/TV ratio in

mice.?

The results of the present study demonstrated that
the changes in BV/TV began on day 7 and were
more significant after day 14 at the later phase
of orthodontic tooth movement. In the control

groups, decreases in BV/TV also started as early as
day 7, but a lag phase was seen between days 7 and
14. A substantial number of published studies have
documented a notable decline on the seventh day,
a finding that is consistent with the results of the
present study.’™® The observed reduction in bone
density can be interpreted as aiding the acceleration
of tooth movement, which occurs in parallel with the
reduction in the BV/TV ratio likely associated with
the elevated osteoclastic activity. Accordingly, in the
control groups, the highest osteoclast counts were
seen on day 21. Both catabolic and anabolic activities
of bone are the determining factors governing OTM,
but the amount of bone resorption in the direction
of movement is the key factor in the acceleration of
tooth movement.”® The OTM begins as st phase
tooth movement inside the socket followed by bone
resorption and apposition during the 2nd phase.
Frost et al. determined that the bone response to
external stimuli leads to an increase in the rate of
local remodelling to repair bone in a process known
as a regional accelerative phenomenon (RAP).”” The
histologic finding of early and rapid bone resorption
in the HMWHA and LMWHA groups led to the
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Table V. RANKL/OPG Ratio in Study Group [Mean + SD)

Experimental Control p

Group - 1.08 009 1.14+0.23 0.336
Day 1

Group - 1.14+£0.16 1.1 +£0.23 0.387
Day 3

Group - 1.06+£0.25 1.01 £0.23 0.297
Day /

Croup - 1.17+£0.16  1.14+£0.18  0.044"
Day 14

Growp - 1.45+0.16  1.21+0.15 0.03"
Day 21

Group I 1.01£0.15 1.01+£0.15 0.481
Day 1

Group Il 1.21+£0.27  1.05+0.16  0.16]1
Day 3

Growp - 1.2+0.18 0.91+£0.12 0.021°
Day /

Group I 1.28 £ 0.1 1.11£0.14  0.043"
Day 14

Group Il 1.37£0.12 1.25+£0.18 0.048"
Day 21

Paired Student's t fest, Significance level *p < 0.05.

hypothesis that HA administration created a RAP-
like effect which forms the basis of rapid tooth
movement. This finding was noted as more rapid
OTM in the HMWHA and LMWHA injected
groups than in the control sides on all observational
days. At the end of day 21, the injected HMWHA
group showed 1.4 times greater OTM than the
control side and 1.2 times greater OTM than the
LMWHA side.

The HA of both high and low MW increased the
OTM significantly. HMWHA accelerated the OTM
in a rate higher than LMWHA on day 21, which
may be attributed to the greater enzymatic events
required for HMWHA to be cleaved to smaller size
oligomer, and therefore extend the effect of HA on
bone turnover.?® A previous study by Sadikoglu et
al. found that HMWHA increased bone formation
in the intermaxillary suture while LMWHA had no
effect.” These results were contrary to the outcomes

of the present study, which could be explained by

the different region of force application. Although
osteoclast numbers in the injected HA sides were
higher than the control sides on day 14 and 21, the
recorded tooth movement levels were greater in the
experimental HMWHA and LMWHA groups
at all experimental days. The findings could be
attributed to the bypassing of the lag phase after
the displacement phase that is characteristic of
tooth movement of conventional orthodontics in
the injection groups and could be accepted as a clue
regarding the development of a multi-HA injection
protocol for more rapid orthodontic tooth movement.

The two different MW of HA that were examined
in the present study were determined according to
the literature which claimed that HA has a MW
dependent effect on bone turnover. Previously, it
had been determined that different MW of HA had
contrasting effects on osteoclasts, so that LMWHA
enhanced osteoclast formation, while HMWHA
had no effect on osteoclast differentiation. The data
strongly linked the induction of HA synthesis to
osteoclastic resorption, prompting the suggestion that
an increased level of HA in the extracellular matrix
could enhance bone resorption thereby facilitating
accelerated orthodontic treatment. Various MW of
HA compounds of which two basic types have been
used either HMWHA that have a MW more than
1000 kDa and LMWHA that have a MW less than
1000 kDa.?

The cellular response to different MW of HA
had been evaluated by several in vitro, in vivo and
clinical studies, which determined that the HA had a

RANKL/OPG Percentage

w=gue Group |

wi@= Group I

1.Day 3.Day 7.Day 14.Day 21-Day
Time

Figure 5. RANKL/OPG ratios at experimental sides of groups | and Il in
each observation days.
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Figure 6. Histologic images of RANKL and OPG expression in interradicular area of maxillary molar on day 21: A, RANKL in Gl experimental side. B,
RANKL in Gll experimental side. C, RANKL in Saline injected side. D, OPG in Gl experimental side. E, OPG in Gll experimental side. F, OPG in Saline

injected side.

MW-specific mode of action on bone formation with
900 to 2300 kDa enhanced bone formation better
than 60 kDa HA.” Related to maxillary expansion,
the HMWHA (5000 kDa) increased the rate of bone
formation in an expanded intermaxillary suture,
while LMWHA (645 kDa) had no effect.? In the
present study, the effect of HMWHA with 6000
kDa MW and LMWHA with 500 to 750 kDa MW
on bone resorption after OTM, was investigated. To
understand the effect of HA on bone remodelling
during OTM, a histological examination was
performed and an estimate of bone volume density
was used to assess the amount of resorbed bone."82!

Cao et al. observed that an addition of exogenous
HA to bone marrow stem cell culture improved the
expression of RANKL expressed in bone that, in turn,
reflected greater osteoclastic activity.® Ariyoshi et al.
found that different molecular weights of HA had
contrasting effects on osteoclasts, so that LMWHA
enhanced osteoclast formation, while HMWHA had
no effect on osteoclast differentiation.”” Fujii et al.
concluded that the interactions of HA with CD44
protein found on osteoblasts and osteoclasts might
play an essential role in bone metabolism, including
osteoclastogenesis.*

Related to bone volume density results, a decrease
in BV/TV ratio means an increase in osteoclastic
activity and a decrease in the resistance of the bone to
the OTM." In the present study, bone volume density
decreased significantly after experiment day 14 in
both groups injected with HA which may induce
an acceleration of orthodontic treatment. The bone
density related outcomes lead to the possibility of
an increase in osteoclast number in the compression
side leading to a decrease in bone volume density in
the interradicular area of the involved molar. The
calculation of the number of osteoclasts has been
used in most studies examining the acceleration
of OTM.'*% According to the present findings,
osteoclast numbers at the experimental site increased
significantly on days 14 and 21 in comparison to the
control side, which corresponds to the days on which
bone density decreased.

Because of the proved relation between RANKL and
OPG in the bone remodelling process, the level of
expression of these proteins by immunohistochemical
analysis has been evaluated by many studies of
OTM.?3* The ratio of the expression of RANKL in
bone tissue to that of OPG was a better indicator of
the bone remodelling process. In the current study,
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the RANKL/OPG ratio was significantly higher in
the experimental side than in the control side on days
14 and 21, which means that the bone remodelling
balance inclined toward osteoclastogenesis rather
than bone formation.

It was observed that the application of an orthodontic
force combined with HA injection could act as a
stimulus for the RAP and increases the rate of tooth
movement.

A review of the literature identified a number of
studies that had investigated the impact of local
administration of agents, including medications,
chemical compounds or plateletrich plasma, on
the relapse of orthodontic treatment.>*?* Of these,
Mohammed et al. reported that magnesium oxide
supplementation clinically decreased orthodontic
relapse in a rabbit model.”> Sadikoglu et al. described
the effect of HA on bone formation after rapid
maxillary expansion and concluded that the local
injection of high molecular weight HA stimulated
bone formation and reduced the risk of relapse after
maxillary expansion in rats.” The present study
design is constrained by an observation period of
21 days, as its objective was to examine the impact
of HA on tooth movement velocity. To gain a more
comprehensive understanding of the long-term effect
of HA on relapse, further studies with an extended
observation period are indicated. Considering that
HMWHA accelerated OTM at a rate higher than
LMWHA on day 21, it will be beneficial to assess
and compare the OTM rate at a time period of more
than 21 days. Further studies are therefore needed to
assess whether time may be a factor in the differential
response to HA of various MW.

Conclusion

* High (6000 kDa) and low (500 to 750 kDa.)
molecular weight HA injections resulted in an
increase in the rate of OTM throughout all the
experimental days.

* The amount of tooth movement in the experi-
mental side of the HMWHA group was 1.4 times
greater than the control side and 1.2 times greater
than the experimental side of LMWHA group.

* Both high and low molecular weight HA injec-
tions resulted in a decrease in interradicular bone
density.

* The RANKL/OPG pathway shows more oste-
oclastogenesis in groups injected with HA than
with RANKL thereby increasing at a rate greater
than OPG.

* Hyaluronic acid can be considered as a viable
stimulus for the acceleration of orthodontic tooth
movement.

Conflict of interest

The authors declare that there is no conflict of interest.

Corresponding author

Dr. Merve Goymen, Assoc Prof, Department of
Orthodontics, Gaziantep Universitesi, Dis hekimligi
Fakiiltesi, Osmangazi, Universite Blv., 27310
Sehitkamil/Gaziantep, FAX: +90 342 361 03 46,
Telephone: +903423609600. Email: mervegoymen@

gmail.com

References
1. Zhao N, Wang X, Qin L, Guo Z, Li D. Effect of molecular

weight and concentration of hyaluronan on cell proliferation and
osteogenic differentiation in vitro. Biochem Biophys Res Commun
2015;465:569—74.

2. Sadikoglu TB, Nalbantgil D, Ulkur F, Ulas N. Effect of hyaluronic
acid on bone formation in the expanded interpremaxillary suture in
rats. Orthod Craniofacial Res 2016;19:154—-61.

3. Cyphert JM, Trempus CS, Garantziotis S. Size matters: molecular
weight specificity of hyaluronan effects in cell biology. Int J Cell
Biol 2015;1:563818.

4. Ariyoshi W, Takahashi T, Kanno T, et al. Mechanisms involved
in enhancement of osteoclast formation and function by low
molecular weight hyaluronic acid. J Biol Chem 2005;280:18967—
72.

5. Alcantara CEP, Castro MAA, Noronha MS de, et al. Hyaluronic
acid accelerates bone repair in human dental sockets: a randomized
triple-blind clinical trial. Braz Oral Res 2018;32:¢84.

6. Zanchetta P, Lagarde N, Guezennec ]. A new bone-healing
material: a hyaluronic acid-like bacterial exopolysaccharide. Calcif
Tissue Int 2003;72:74-9.

7. Mavreas D, Athanasiou AE. Factors affecting the duration
of orthodontic treatment: a systematic review. Eur ] Orthod
2008;30:386-95.

8. Krishnan V. Ciritical issues concerning root resorption: a
contemporary review. World J Orthod 2005;6:30-40.

9. Ikeda T, Yamaguchi M, Meguro D, Kasai K. Prediction and
causes of open gingival embrasure spaces between the mandibular
central incisors following orthodontic treatment. Aust Orthod ]
2004;20:87-92.

10. Shrestha S, Shrestha L, Shrestha N, Shrestha RM. Effect of
Orthodontic Treatment in Occurrence of Dental Caries. Orthod ]
Nepal 2013;3:31-6.

11. Turbill EA, Richmond S, Wright JL. The time-factor in
orthodontics: What influences the duration of treatments in
National Health Service practices? Community Dent Oral

Epidemiol 2001;29:62-72.

182 Australasian Orthodontic Journal Volume 40 No. 2 2024



20.

21.

22.

23.

24.

. LiY, Jacox LA, Little SH, Ko CC. Orthodontic tooth movement:

the biology and clinical implications. Kaohsiung ] Med Sci
2018;34:207-14.

. Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-level

reactions to orthodontic force. Am J Orthod Dentofac Orthop
20065129:469.e1—€32.

. Sato R, Yamamoto H, Kasai K, Yamauchi M. Distribution pattern

of versican, link protein and hyaluronic acid in the rat periodontal
ligament during experimental tooth movement. ] Periodont Res
2002;37:15-22.

Tageldin MA, Ismail HA, Mowafy MI, El Sawa AA. Effect of local
administration of hyaluronic acid on orthodontic tooth movement
in a rabbit model. Alex Dent ] 2021;46:144-8.

. Gulec A, Bakkalbas1 BC, Cumbul A, Uslu U, Alev B, Yarat

A. Effects of local platelet-rich plasma injection on the rate of
orthodontic tooth movement in a rat model: A histomorphometric
study. Am ] Orthod Dentofac Orthop 2017;151:92-104.

Meh A, Sprogar S, Vaupotic T, et al. Effect of cetirizine, a
histamine (H1) receptor antagonist, on bone modeling during
orthodontic tooth movement in rats. Am ] Orthod Dentofac

Orthop 2011;139:e323-¢329.

. Zhao N, Lin J, Kanzaki H, et al. Local osteoprotegerin gene

transfer inhibits relapse of orthodontic tooth movement. Am J
Orthod Dentofac Orthop 2012;141:30-40.

Gonzales C, Hotokezaka H, Arai Y, Ninomiya T, Tominaga J, Jang
I, et al. An in vivo 3D micro-CT evaluation of tooth movement
after the application of different force magnitudes in rat molar.
Angle Orthod. 2009;79:703-14.

McCarty KS, Miller LS, Cox EB, Konrath J. Estrogen receptor
analyses. Correlation of biochemical and immunohistochemical
methods using monoclonal antireceptor antibodies. Arch Pathol
Lab Med 1985;109:716-21.

An ], Li Y, Liuwang Z, Zhang B. A micro-CT study of
microstructure change of alveolar bone during orthodontic tooth
movement under different force magnitudes in rats. Exp Ther Med
2017;13:1793-8.

Liu S, Broucek J, Virdi AS, Sumner DR. Limitations of using
micro-computed tomography to predict bone-implant contact and
mechanical fixation. ] Microsc. 2012;245:34—42.

Campbell GM, Sophocleous A. Quantitative analysis of bone and
soft tissue by micro-computed tomography: applications to ex vivo
and in vivo studies. Bonekey Rep. 2014;20:564.

Laperre K, Depypere M, van Gastel N, Torrekens S, Moermans K,
Bogaerts R, et al. Development of micro-CT protocols for in vivo

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

INJECTABLE HYALURONIC ACID

follow-up of mouse bone architecture without major radiation side
effects. Bone. 2011;49:613-22.

Gudhimella S, Ibrahim AY, Karanth D, Kluemper AM, Westgate
PM, Puleo DA, Huja SS. A rodent model using skeletal anchorage
and low forces for orthodontic tooth movement. Am ] Orthod
Dentofac Orthop 2019;155, 254—63.

Huang H, Williams RC, Kyrkanides S. Accelerated orthodontic
tooth movement: Molecular mechanisms. Am ] Orthod Dentofac
Orthop 2014;146:620-32.

Frost HM. The regional acceleratory phenomenon: a review. Henry
Ford Hosp Med J. 1983;31:3-9.

Kogan G, Soltes L, Stern R, Schiller J, Mendichi R. Hyaluronic
acid: its function and degradation in in vivo systems. Stud Nat
Prod Chem 2008;34:789-882.

Huang L, Cheng YY, Koo PL, et al. The effect of hyaluronan on
osteoblast proliferation and differentiation in rat calvarial-derived
cell cultures. ] Biomed Mater Res - Part A 2003;66:880—4.

Cao JJ, Singleton PA, Majumdar S, Boudignon B, Burghardt A,
Kurimoto P, et al. Hyaluronan increases RANKL expression in
bone marrow stromal cells through CD44. ] Bone Miner Res.
2004;20:30-40.

Ariyoshi W, Takahashi T, Kanno T, Ichimiya H, Takano H, Koseki
T, Nishihara T. Mechanisms involved in enhancement of osteoclast
formation and function by low molecular weight hyaluronic acid. ]
Biol Chem. 2005;280:18967-72.

Fujii Y, Fujii K, Nakano K, Tanaka Y. Crosslinking of CD44 on
human osteoblastic cells upregulates ICAM-1 and VCAM-1. FEBS
Letters. 2003;539:45-50.

Putranto AF, Roestamadji RI, Ridwan RD, Narmada IB. Number
of osteoclasts, receptor activator of nuclear factor kappa-b ligand
and osteoprotegerin expression in electrolyzed reduced water-
treated orthodontic tooth movement in Wistar rats. Trop ] Pharm
Res 2019;18:2397-402.

Hikmah N, Shita ADP, Maulana H. The RANKL expression and
osteoclast in alveolar bone of rat diabetic model at different mechanical
force application. Dent ] (Majalah Kedokt Gigi) 2018;51:14.
Mohammed RE, Al Qassar SSS, Taqa GA. Clinical and histological
evaluation of the effect of magnesium oxide administration on
relapse after orthodontic teeth movement (Rabbit Model Study). ]
Orthod Sci 2023;12: 19.

Alhasyimi AA, Pudyani PP, Asmara W, Ana ID. Enhancement
of post-orthodontic tooth stability by carbonated hydroxyapatite-
incorporated advanced platelet-rich fibrin in rabbits. Orthod
Craniofac Res 2018;21:112--8.

Australasian Orthodontic Journal Volume 40 No. 2 2024 183



