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Introduction

A dental extraction (DE) is one of the most
common procedures in dental clinics. It is defined as
the removal of teeth from the dental alveolus (socket)
in the alveolar bone. It is performed most commonly
for a badly prognosed or non-restorable tooth due to
extensive caries, periodontal diseases, musculoskeletal
diseases, and facial trauma [1].

The dental sockets (DS) in the healing process
involve a series of orderly events including inflammation,
overlapping phases of hemostasis, remodeling, and
maturation [2]. DE may be followed by post-operative
including pain and edema which may
continue for several days after the extraction [3]. To
minimize these complications and accelerate healing,
various systemic medications,
preservative materials, and irrigation procedures have

sequalae

been counted [4].

However, hyaluronic acid (HA) is known as
sodium hyaluronate or hyaluronan. HAis one of the major
components of the extracellular matrix which is widely
distributed in several tissues involving the skin, synovial

Abstract
BACKGROUND: Hyaluronic acid (HA) was explored as a powerful positive biocompatible material that participates
in numerous biological processes related to morphogenesis and tissue healing.

AIM: In this context, we elevated in this pilot study the effect of HA on soft tissue healing and bone repair of dental
sockets (DS) as well as the postoperative pain.

MATERIALS AND METHODS: Ten individuals of both genders (80% females and 20% males) with age range
18-44 years, were included who were diagnosed with two non-restorable teeth (total sockets n = 20). A split-mouth
study design was performed where the DS of each patient were divided into Group A (study group): Topical oral
HA gel (Gengigel®) was applied into sockets while Group B (control group): Sockets were left untreated. Study
variables were evaluated including socket length, socket healing scores (healing index), and post-operative pain in
both groups at day 1, 5, and 10 for each patient.

RESULTS: There were no statistically significant differences between the control and study groups regarding the
reduction of the socket length and postoperative complications but results revealed that HA enhances and fasten
the healing capacity.

CONCLUSION: HA can be used as adjunctive treatment to improve the wound healing process.

fluid, cartilage, tendons, eyes, and most body fluids
[5]. Last decades, HA has been explored as a powerful
biocompatible material for tissue engineering processes
including morphogenesis and tissue healing [6].

It is found that HA has a significant role in the
enhancementofwoundhealingbyinducingearlygranulation
tissue formation, hindering destructive inflammation,
and endorsing re-epithelialization and angiogenesis.
Furthermore, HA appears to have a positive effect on the
reduction of post-operative swelling and inflammation [7].
In addition, it shows an imperative influence on bone
repair by stimulating the cell migration, adhesion, and
proliferation of undifferentiated mesenchymal cells into
osteoblastic cells [7], [8]. Furthermore, it has the ability to
retain osteoinductive growth factors in local environment,
mediating the adhesion of osteoclasts to the bone surface
leading to bone formation [9].

natural products,

Even though HA has been extensively used
as an alternative treatment for many conditions in
many medical fields, HA applications in dentistry are
still not well explored. In this context, this study was
done to evaluate the clinical impact of HA on extracted
sockets regarding bone repair, tissue healing, and post-
operative complications.
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Materials and Methods

Recruitment of subjects

Our prospective study was conducted from
January 2021 to June 2021 on 15 patients of both
genders who were diagnosed with two non-restorable
teeth (indicated for extraction) and in Vision dental
hospital, Riyadh, KSA (Figure 1). Patients enrolled
in this study were selected randomly according to
inclusion and exclusion criteria as follows:

Randomized selection
(n=15)

Enrollment

Group(A): Sockets filled with Group(B): Sockets irrigated by
HA gel saline only
(n=15) (n=15)

Allocation

>

Patients who lost the follow up
periods
(n=5) (n=5)

Patients who lost the follow up
periods

Analysis - follow up

.

Figure 1: Study flow diagram

Inclusion criteria

The following criteria were included in the

study:

1. Healthy patients without any systemic disease

2. Age above 18 years old

3. Participants had at least 2 non-resorbable
single-rooted teeth indicated for simple
extraction

4. No oral pathological lesions related to the
selected teeth.
Exclusion criteria
The following criteria were excluded from the

study:

1. Patients with systemic diseases or a history of
allergy to HA or cosmetic fillers containing HA

2. Tobacco use

3. Patients needed surgical extraction

4. Any patients under antibiotic therapy in
the last 3 months, oral contraceptives,
immunosuppressive drugs, radiotherapy and
chemotherapy

5. Pregnant or lactating mother

6. Mentally disturbed patients.

Study design

The pilot study with split-mouth design was
performed in which the DS of each patient were divided
into two groups; Group A (study group) received
topical oral HA gel (Gengigel®) which was inserted into
post-extracted sockets while Group B (control group)
represented the untreated DS.

Clinical procedures

The study protocol was approved by the
institutional review board of Vision colleges, Riyadh,
KSA (protocol # alf-dent-2020059). Each participant
received detailed information and provided a signed
written consent regarding the research.

For the clinical examination, a single-blinded
examiner used clinical examination instruments, along
with digital periapical radiographs to establish the
diagnosis. This was done after documenting patient
data (age and gender), medical, and dental histories.
Pre-operative variables (sign and symptoms related to
the indicated teeth) and type of extracted tooth were
also collected.

After local anesthesia  administration
(2% lidocaine with 1:100,000 epinephrine), extraction
of teeth of both groups was done at the same time on
the dental chair using the aseptic minimal traumatic
technique. Immediately after extraction, the DS were
divided into group A (study group) where topical
oral HA gel (Gengigel®) was inserted using cotton
pellet into the socket (Figure 2), then the patient was
instructed to place this gel 3 times a day without any
washing activities after application, while Group B
(control group) represented the other half of indicated
sockets, that left untreated to be naturally filled with
blood clot.

L % » e Y

Figure 2: Application of hyaluronic acid gel after extraction of non-
restorable teeth

Clinical comparative variables

Study variables were evaluated preoperatively
and postoperatively including socket length, socket
healing scores (healing index) and post-operative
pain to evaluate the healing of the bone and soft
tissues in both groups on days 1, 5, and 10 for each
patient.
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Bone healing

To determine the results of bone repair, digital
periapical radiographs were taken before, immediately
and after 5 and 10 days of extraction and bone repair
capacity of healing sockets of both groups were
evaluated regarding socket lengths. Where, the length
of the socket was measured from the crest of bone
to the alveolar fundus in each radiographic picture.
We established an equation that gave bone repair
percentage to assess the improvement of bone healing
after 10 days. The equation was

(Original socket length, —Present socket length, )x100

Original socket length,

The overall responses were categorized
compared with the baseline responses as follows;
. No improvement - 0%
. Poor improvement - <25%
. Fair improvement - 25-50%
. Good improvement - 50-75%
. Excellent improvement - >75%.

Wound healing index (WHI)

It was calibrated to document the gingival
inflammation signs; tissue color, bleeding response
on palpation, incision margin closure, and suppuration
formation of the healing socket using the healing index
done by Landry et al. [10]. Each socket was given a
score from 1 (very poor healing) to 5 (excellent healing).

Score 1 (very poor healing): 250% of red
gingiva, bleeding on tissue palpation, presence of
granulation tissues, not epithelialized margins with
loss of epithelium beyond margins, and presence of
suppuration.

Score 2 (poor healing): 250% of red gingiva,
bleeding on tissue palpation, presence of granulation
tissues, not epithelialized margins with exposed
connective tissue, and absence of suppuration.

Score 3 (good healing): 25-50% of red gingiva,
no bleeding on tissue palpation, no granulation tissues,
no exposed connective tissue, and no suppuration.

Score 4 (very good healing): <25% of red
gingiva, no bleeding on tissue palpation, no granulation
tissues, no exposed connective tissue, and no
suppuration.

Score 5 (excellent healing): No red gingiva, no
bleeding on tissue palpation, no granulation tissues, no
exposed connective tissue, and no suppuration.

Post-operative complications

A subjective evaluation of post-operative pain
was established using the visual analog scale (VAS)
where patients were asked to grade the severity of

their post-operative pain in numbers from 1 (very mild
pain) to 10 (very severe pain) at days 1, 5, and 10.
A question was asked each follow-up visit “How much
pain do you have today?” In addition, the presence of
suppuration evaluation was scored (no suppuration = 0
and presence of suppuration = 1). In addition, clinical
photographs were taken before DE, immediately after
extraction and during follow-up periods to document the
healing scores of the tissues.

Statistical analysis

Data were coded for entry and analysis using
SPSS statistical software package version 23. Data
were presented using descriptive statistics in the form
of frequencies and percentages. Interval and ratio
variables were presented in the form of means and
standard deviations. An independent t-test was used
to compare the interval and ratio between groups. The
significance level was chosen as p < 0.05.

Results

Fifteen patients (6 males and 9 females with
30 DEs) were included in our study following the study
criteria, but only ten patients (2 males and 8 females)
with ages ranged 18-44 years who established all
follow-up periods (Figure 1). The gender and age
variables were analyzed by calculating the frequency
and percentage of participants as shown in Table 1.
On comparing the two studied groups regarding
gender, it was found that there was no significant
difference between the two studied groups (p >
0.05). In addition, there was no significant difference
between the two studied groups regarding age (p >
0.05).

Table 1: Frequency distribution of gender and age data sample

Characterization of patients Frequency Percent
Gender
Male 2 20.0
Female 8 80.0
Age
20-29 4 40.0
30-39 4 40.0
40-49 2 20.0

Twenty DS were enrolled in this study, Group A
had five mandibular premolars, three maxillary premolars
and two mandibular anterior post-extracted sockets,
while Group B included six mandibular premolars, three
maxillary premolars, and one mandibular anterior post-
extracted sockets.

Table 2 and Figure 3 exhibit the difference in the
socket lengths between both groups (control and study
group) at different periods of follow-up. It is clear that the
levels of significance for each socket length in different
visits were (0.760, 0.509, 0.657, and 0.872), respectively
immediately, at days 5 and 10. The results were more

192

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Mostafa et al. Hyaluronic Acid Gel in Dental Extraction Sockets

than (0.05) exploring no difference between the socket
length between both groups in all follow-up periods.

Table 2: Comparison of the socket lengths between control and
study groups during the follow-up periods

Variable Control Study t-test p-value
mean SD

Socket length in visit 1
Study group 8.458 3.217 0.096 0.760
Control group 10.972 3.248

Socket length in visit 2
Study group 7.480 2.893 0.455 0.509
Control group 9.170 3.318

Socket length in visit 3
Study group 6.889 3.973 0.203 0.657
Control group 8.685 3.758

Socket length Total visit
Study group 0.258 0.328 0.027 0.872
Control group 0.320 0.379

Table 4 and Figure 5 display the compassion between
both groups regarding WHI after 10 days. Results
revealed there was a significant difference between
both groups regarding healing index as p < 0.05. In
Group A (study group), 50% of the sockets showed
excellent healing, 10%, 30%, and 10% of sockets
revealed good, fair, and poor improvement, respectively.

Table 4: Compassion between both groups regarding WHI after
10 days

Wound healing index Study group (Group A) Control group (Group B)  p-value
Very poor healing 0(0) 0(0) <0.001*
Poor healing 1(10) 1(10)
Fair healing 3(30) 4 (40)
Good healing 1(10) 3 (30)

Excellent healing 5 (50) 2 (20)

*Statistically significant at p < 0.05.

1 2 3 4 5 6 7 8 9 10

mGroupA mGroupB

O B N WbH UV O N ® O

Figure 3: Comparison between both groups regarding socket length

Table 3 and Figure 4 demonstrate the responses of
both groups regarding improvement percentage of
bone healing after 10 days of extraction.

Poor Fair Good

50%

40%

30%

20%

10%

0%
Excellent

m Group A Socket length = Group B Socket length

Figure 4: Improvements of the bone healing in both groups after 10 days

Regarding the socket length reduction, none of both groups
exhibited complete healing of the DS. In Group A (study
group) 20% revealed a good response to the treatment, 30%
of the DS showed a decrease in socket length while 50% of
the sockets presented poor improvement of bone healing.

Table 3: The socket length improvements of both groups after
10 days

Improvements Study group (Group A) (%) Control group (Group B) (%)
Socket length Socket length

No improvement 0(0) 0(0)

Poor 5 (50) 4 (40)

Fair 3(30) 4 (40)

Good 2 (20) 2 (20)

Excellent 0(0) 0(0)

*Statistically significant at p < 0.05.

On the other hand, Group B (control group) revealed 20%,
40%, and 40% of good, fair, and poor improvements in
bone healing correspondingly.

*Statistically significant at p < 0.05.

In Group B (control group), 20% only of the DS showed
excellent healing of soft tissues, 30% of the sockets
displayed a reduction of the scores and 40% of sockets
showed fair improvement while 10% showed poor
healing of soft tissues. Regarding the postoperative
pain, neither group Anor Group B had any postoperative
complications including pain and suppuration, where no
statistics could be done.

50%

40%
30%
20%
—

0%

Very poor Poor Fair Good Excellent

m Group A Wound healing m Group B Wound healing

Figure 5: Wound healing index of both groups after 10 days

Discussion

HA is an important element in the soft
periodontal tissues, gingiva, and periodontal ligament,
and in the hard tissue, such as alveolar bone and
cementum [11]. The present study was conducted to
evaluate the efficacy of HA on the healing and repair of
hard and soft tissue with the control of post-operative
pain following closed tooth extraction. We compared
extracted sockets with topical HA of the same patients in
comparison to non-intervention post-extracted sockets
to minimalize the individual factors that might intrude on
the study results.

We started our research with 15 patients (30
sockets) who fulfilled the research criteria but only ten
patients who accomplished the study. Five patients did
not complete the follow-up visits, the explanation of the
small sample size and incompliance of follow-up visits
is the fear of COVID 19 infection as well as going to the
dental hospitals for no emergency reasons. However,
10 patients were enrolled (20 sockets) as two males

Open Access Maced J Med Sci. 2021 Sep 03; 9(D):190-195.

193



D - Dental Sciences

Oral Surgery

and eight females were included following the study
criteria with ages ranged 18-44 years. The results
showed that there was no difference between both
genders regarding the socket length, healing scores,
and post-operative pain. There were more female cases
than male cases, possibly due to hormonal disturbance
during puberty, menses, and pregnancy impacting the
calcitonin levels, leading to damaging soft and hard oral
tissues, along with carelessness toward regular dental
appointments resulting in non-restorable teeth.

In our study, single-rooted teeth were involved
such as anterior teeth and premolars to facilitate the
standardization of measuring the root lengths. We
assessed the bone healing by measuring the socket
length using the digital preapical radiograph on each
day 1, day 5, and day10. Our results showed no
significant difference between both groups regarding
the reduction of socket length.

These results were in agreement with de britro
Bezerra et al. [12] who made a study in 2011 on animals
and showed that HA 1% gel alone did not show any
significant results in bone formation except when using
it with collagen sponge in bone defects, in addition,
Aslan et al. [13] in 2006 concluded that HA needs a
scaffold to improve the rate of bone formation in rabbits.

While our results were not in agreement with
another experimental study done by Suzuki et al. [14]
which revealed that HA promoted bone formation
when it was applied to bone defects in animal models.
Furthermore, Mendes et al. [2] found that there was
a significant increase in the early healing period in
bone trabeculae at 7 days after tooth extraction as the
expression of BMP-2 and osteopontin was enhanced
in HA treated sockets of rats. Furthermore, Yilmaz,
etal. [15] supported that HA promoted bone healing after
surgical wisdom tooth extraction. On the other hand,
Alcéntara et al. [16] stated that there was high bone
formation rate in lower first premolar human sockets
filled with HA at 30 days but there was no difference
between HA and control groups after 90 days even in
the alveolar bone dimensions.

Regarding the softtissue healing, our outcomes
revealed that there was a statistical difference in
healing index between the sockets treated with HA gel
and the non-intervention sockets, where 50% of study
sockets (Group A) exhibited excellent healing after
10 days while 20% of sockets of Group B displayed
excellent healing. This is because of the ability of HA
in promoting the inflammatory cytokines such as IL-1p
and TNF-o, triggering angiogenesis and activating
keratinocytes and fibroblasts during the healing
process [17]. Our outcomes were in accordance with
many studies [2], [16], [18] which concluded that HA
enhances and fastens the repair time. Our findings
were not corresponding to Mostafa et al. [19] and
Aebli et al. [20] who stated that HA does not have any
significant effect on healing time or repair capacity.

In our study, measuring post-operative pain was
recorded by using VAS in the immediate postoperative,
days 5 and 10. Brokelman et al. [21] stated that the
VAS scale is used to evaluate the postsurgical pain and
satisfaction of a patient with the intraclass coefficient
of 0.95. Our findings concluded that there were
no postoperative complications including pain and
suppuration in both groups, this is maybe because the
selected cases were simple extraction (no indication
of surgical flaps) without any signs of preoperative
pathological infection. This study showed similar results
to Bayoumi et al. [22] who concluded that HA did not
decrease either the incidence of dry socket formation or
postoperative pain and also Koray et al. [23] who found
that there were no statistically significant differences in
VAS scores between the different treatments modalities
including HA spray on the 1%, 2™ and 7 days after
surgical extraction of impacted mandibular third molar.

Although our sample was small, our study was
split-mouth design to ensure the same conditions on
both groups during comparison. However, since the
study samples only represented the findings of selected
groups of patients, it would be beneficial to re-evaluate
the effect of HA on a larger sample with a longer
follow-up period and histological investigations.

Conclusion

The results of this study allow the conclusion
that HA administration showed no significant effect on
bone healing of the extracted sockets but it enhances
and fastens the soft tissue healing capacity. However,
HA could be an effective adjunctive treatment for
improving the wound healing process.
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