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Abstract
Introduction

Several articles have investigated the intra-alveolar applications of bioadhesive gels containing various

medicines and active chemicals, such as chlorhexidine (CHX) and hyaluronic acid (HA) to minimize the

numerous postoperative sequelae, such as a dry socket. The purpose of this study was to investigate the
postoperative outcomes of intra-alveolar application of 0.2% chlorhexidine or hyaluronic acid following
atraumatic extraction.

Methods

A randomized clinical trial was conducted on a sample of 36 patients who need extraction of lower first
premolar for orthodontic treatment. The patients were assigned randomly into two groups: CHX group
and HA group. The signs and symptoms of the dry socket were evaluated on the third day in two groups.

Results

There was no statistically significant difference between the study and control groups when comparing the
CHX group (P=0.2.6). In contrast, a significant difference was seen between the study and control sides in
the HA group.

Conclusions

Within the limitation of this clinical trial, using hyaluronic gel with a gelatin sponge may be a preventive
strategy for a dry socket following tooth extraction. After non-surgical tooth extraction, the topical
administration of CHX with a gelatin sponge as a carrier did not seem to act as a protective substance
against a dry socket.
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Introduction

Alveolar osteitis (AO) is a frequent inflammatory condition that can develop following tooth extraction. In
addition to being known as a "dry socket," it causes symptoms that result in awful pain and require frequent
hospital visits [1]. According to a recent definition, AO is "postoperative pain that increases between the first
day and third day following the extraction and is accompanied by a dissolving blood clot in the alveolar
socket, whether halitosis is present or not [2]. Clinical management of AO often involves alternating
irrigation of the socket with 3% H;0, and saline, curettage inducing fresh bleed under local anesthesia, and

subsequent application of an iodoform strip. These extra procedures add to dentists' workloads and limit
patients' ability to complete everyday tasks. Therefore, prevention is the best form of treatment [3,4]. Many
researchers attempted to find effective methods to prevent AO, and several drugs have been proven to be
effective. For example, chlorhexidine (CHX) is an antiseptic that is used frequently in therapeutic practice in
the form of mouthwash and bioadhesive gel. According to previous studies, using 0.12% CHX mouthwash
after surgery can reduce the risk of AO [5,6,7]. According to some studies, extraction sockets should be rinsed
with CHX. Although the activity of CHX is brief, it is quick. Additionally, its regular use as an oral rinse can
have negative consequences such as dysgeusia, oral mucosa lesions, external dental discoloration, and
dental calculus formation. Therefore, to avoid AO, dentists or researchers are thinking about using CHX gel
rather than CHX mouthwash [8,9].

Recent spectroscopy experiments have verified that hyaluronic acid (HA) is capable of neutralizing reactive
oxygen species to lessen the toxicity of free radicals, which is in line with the substance's antioxidant
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characteristics [10]. HA primarily exhibits bacteriostatic properties at high concentrations (0.8%) [9]. Recent
years have seen the publication of various scientific studies describing the use of HA as an intra-alveolar
bioadhesive gel to minimize extraction-related postoperative problems [11,12].

To date, no clinical trial has been conducted to compare the possible beneficial effects of CHX and HA after
atraumatic extraction. The aim of this study was to examine the postoperative effects of intra-alveolar
placement of 0.2% CHX or 1% HA bioadhesive gels following atraumatic extraction.

Materials And Methods

Study design and registration

A randomized comparative clinical investigation using the split mouth approach was carried out in the
outpatient clinics of the Oral and Maxillofacial Department - Faculty of Dentistry - Damascus University
between June 2021 and February 2022. The Damascus University Research Ethics Committee approved this
clinical study (registration no. 2021-1021). After explaining the study's goals and methodology to the
patients verbally and in writing, they gave their signed consent to participate in the study.

Patients’ recruitment and eligibility criteria

The research sample consisted of 72 sockets of mandibular first premolar from 36 patients who met the
inclusion criteria. The inclusion criteria were as follows: (1) patients' age ranged between 18 and 35 years, (2)
any patient who is classified as ASA1 (a patient without any systemic disease) or ASA2 who requires the
extraction of symmetrical single root teeth in the lower jaw (a patient with a mild systemic disease that does
not affect their general health), (3) the patients' oral health is good (they don't have gingivitis or
periodontitis) and neither local anesthetic nor minimally invasive oral surgery is contraindicated, and (4) the
patient's commitment to attend follow-up.

Exclusion criteria were as follows: (1) patients who have syndromes or developmental anomalies were
excluded from the study, (2) disorders of the periodontal tissues that are advanced and uncontrolled, (3)
patients who are smokers and alcoholics or those using immunosuppressants and corticosteroids, (4)
pregnant or nursing women, (5) patients who have cysts or tumors at the treatment site, and (6) individuals
who underwent radiation for head and neck cancers.

Using the web tool www.random.org, the patients were randomly divided into two groups (n = 18 for each
group).

In group 1 (CHX group), there were 36 lower first premolars sockets from 18 patients. A 10ml gel of 0.2%
CHX (PerioKin, Kin, Barcelona, Spain) was applied to a gelatin sponge (GelSpon® “Bovine Origin”, Eucare
Pharmaceuticals, Chennai, India), which could be used as a carrier. Nylon sutures 4-0 (Anhui Kangning
Industrial (Group) Co., LTD, Tianchang, Anhui, China) were used in an X shape to fix the dressing. On the
opposite side, a gelatin sponge dressing was used, and 4-0 nylon sutures were placed in an X pattern.

In group 2 (HA group), there were 36 lower first premolar sockets from 18 patients who made up this group. A
10 ml gel of HA 1% concentration (RICEFARMA S.R.L, Milano, Italy) was applied to a gelatin sponge

dressing to fill the socket with the same suture material. Gelatin sponge dressing was placed and 4-0 nylon
sutures on the opposite side.

Surgical procedure and outcome measures

Under local anesthesia (lidocaine 2% with adrenaline 1/80.000), a sulcular incision is preferably made 360
degrees around the tooth with a periotome. This was done with an intention to secure all fibers of
connective tissue attachment above the level of the bone are cut. If these fibers are not cut before extraction,
they will cause more tissue damage and possibly even fracture the buccal bone plate.

The tooth is then luxated using a proximator (SA-JK Surgical Corporation, Sialkot, Pakistan); the long axis of
the proximator blade is inserted into the ligamentous area along the longitudinal axis of the root to protect
the vestibular plate of bone, and it is paused for 10 to 30 seconds while the instrument is in place to allow
expanding the alveolar bone. The proximator is used as a lever to apply pressure to the tooth root after first
being employed as a moveable wedge. The dental forceps are used at the end to hold the tooth, move it
buccally and lingually, and rotate it when a significant movement of the teeth is achieved. After the tooth is
pulled, 0.2% CHX (group 1) and 1% HA (group 2) were mixed with a gelatin carrier and inserted into the
alveoli. Finally, a 4-0 non-resorbable suture was used to close the wounds. Paracetamol 0.5 g every eight
hours for three days was the only postoperative medication used in every case if there was pain.

The clinical assessments of the dry socket were performed by observing the signs and symptoms of a dry
socket, which include exposed bone, pain, and halitosis on the third day after the extraction (Figure 7).
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FIGURE 1: Clinical assessment of the alveolar socket on the third day

Right-sided normal healing of the alveolar socket; left-sided inflammatory healing of the alveolar socket (alveolar
osteitis).

Statistical analysis

Data were gathered, and they were shown as frequencies and percentages. Chi-square tests were used in
statistical studies with IBM SPSS Statistics for Windows, Version 19 (Released 2010; IBM Corp., Armonk,
New York, United States). The statistical significance was P<0.05.

Results

None of the patients who were invited to participate in the experiment and met the inclusion criteria were
declined. The mean patient age was 21.9 years in the CHX group and 23.1 in the HA group. Sample
characteristics are presented by comparing the two study groups which are presented in Table 1. Intra-group
comparisons of the CHX group showed no significant differences between the study and control groups
(P=0.206) and are shown in Table 2, and intra-group comparisons of the HA group showed significant
differences between the study and control groups (P=0.016) and are shown in Table 3.

Chlorhexidine group (n=18) Hyaluronic acid group (n=18)
21.9+4.3 23.1+4.9

7 (38.9) 7 (38.9)

11(61.1) 11(61.1)

TABLE 1: Sample characteristics (age and sex).

n: number of patients; SD: standard deviation
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Frequencies Percentages
Chlorhexidine group P-value
There is inflammation  No inflammation Total There is inflammation  No inflammation  Total
Study group 2 16 18 11.1% 88.9% 100%
0.206
Control group 5 13 18 27.8% 72.2% 100%

TABLE 2: Comparisons of the frequencies and percentages of the inflammatory response in the

chlorhexidine group.

Frequencies Percentages
Hyaluronic acid group P-value
There is inflammation  No inflammation Total There is inflammation  No inflammation  Total
Study group 0 18 18 0% 100% 100%
0.016
Control group 5 13 18 27.8% 72.2% 100%

TABLE 3: Comparisons of the frequencies and percentages of the inflammatory response in the

hyaluronic acid group.

Discussion

In general practice, tooth extraction is one of the most often performed procedures. The common extraction
techniques include luxation using an elevator, severing the periodontal connection, and removal with
forceps. If endodontic therapy has already compromised the tooth or roots are long or/and dilacerated,
traditional extraction forceps frequently fracture the tooth, the surrounding bone, or both. In addition to
requiring a more involved surgical procedure, this could lead to unfavorable postoperative complications
[13]. Traumatic extractions, in which strong luxation or forceps forces are needed to extract teeth, increase
the risk of developing dry socket lesions, which affect one to five percent of all extractions [14].

Numerous studies have looked into the intra-alveolar applications of bioadhesive gels with different
pharmaceuticals and active chemicals, such as CHX [15,8] and HA [11,12], to reduce the various
postoperative complications, such as a dry socket in addition to conventional drug treatment. However, no
trials have yet been conducted to examine the potential benefits of CHX and HA following an atraumatic
extraction. Because of this, the effects of inserting 1% HA or 0.2% CHX bioadhesive gels into the alveoli after
atraumatic extraction were tested in this clinical trial. We chose not to employ traditional extraction
techniques since they could induce gingival tissue laceration and even result in the loss of the buccal bony
plate and interdental bone crest. Trismus, a dry socket, and postoperative discomfort are other
complications [16].

In the course of a traumatic extraction, strong luxation or forceps forces are transferred to the jawbone that
surrounds the roots which may cause the bone to be crushed on the intaglio surface of the extraction socket.
The osteoblasts in the extraction socket may die or undergo apoptosis as a result [14]. One of the dental
issues that have received the most attention is dry sockets, and numerous studies have been conducted to
find a successful approach to managing and preventing it [17]. One of the most popular mouthwashes is CHX
mouthwash, which has the reputation of lowering the risk of AO. However, Hita Iglesias et al. found that
CHX gel has more promising results than mouthwash [18].

The longer exposure time and slower medication release in the early postoperative period, as well as the fact
that patients' cooperation is not required, are crucial when using mouthwash. The antibacterial properties of
this agent may also be to blame for the lower frequency of AO. Byproducts of bacterial infection are said to
increase antifibrinolytic activity, which causes clot disintegration and loss that cause AO. According to
published research, the AO is prevented by CHX gels that inhibit fibrinolytic activity [18].

Munoz-Camara et al. found that 1% HA (0%), 0.2% CHX (6.67%), and control (10%) represented the lowest to
the highest percentage of instances of AO [10]. The bactericide action of 1% HA, which lowers the intra-
alveolar bacterial load and has regenerating potential, may be the cause of the preventing effect on AO
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(measured by hyaladherins that promote cell proliferation, migration, and angiogenesis mechanisms, so
facilitating rapid tissue regeneration).

Rubio-Palau et al. conducted a double-blind randomized clinical trial with 160 patients (80 receiving 0.2%
CHX bioadhesive gel and 80 receiving placebo) and discovered a statistically significant difference in the
incidence of AO between the study group (17.5%) and the control group, with the incidence of the condition
being higher in the control group (22.5%) [19]. Sridhar et al. conducted a split-mouth clinical trial and
observed that AO was recorded in 8% of the control group after extractions of bilateral impacted mandibular
third molars, while it was not present at extraction sites treated with intra-alveolar applications of 0.2%
CHX bioadhesive gel, indicating a statistically significant difference between the groups (P = 0.041) [20]. We
disagree with two previous studies [19,20], which may be attributed to the difference in surgical extraction
and the region of extraction.

HA can form a healthy coagulum for a longer amount of time due to its adhesive capability, which is one of
the benefits of local application [21]. Comparing the use of Alvogyl® alone to the use of HA, it is shown that
the latter reduces the number of alveolar osteitis symptoms and signs and speeds up the removal of painful
feelings [22]. HA demonstrated benefits including analgesic, reparative, and regenerative properties, high
elasticity, biocompatibility, biodegradability, and low immunogenicity which led to the suggestion that it
might be used to treat AO [23].

We agree with a previous randomized controlled trial that used 0.2% bioadhesive CHX gel after surgically
extracting the mandibular third molar reducing the risk of developing AO by 2.3 times. Therefore, this gel
should be used prophylactically to avoid complications and decrease the financial burden on patients [17].To
the best of our knowledge, no previous clinical studies have examined the potential positive effect of intra-
alveolar application of CHX and HA after atraumatic extraction.

There were minimal methodological limitations to this study, which include: (1) the study did not include an
extraction socket of the upper jaw, (2) there was no histological study on experimental animals, and (3) no
radiographic studies were performed to investigate bone healing.

Conclusions

Within the limitation of this clinical study, applying hyaluronic gel with a gelatin sponge may be a
preventive measure for a dry socket after tooth extraction. The topical application of CHX with a gelatin
sponge as a carrier did not appear as a protective material from a dry socket after non-surgical tooth
extraction. We also found that an absorbable gelatin sponge is an acceptable carrier to deliver CHX and
hyaluronic gel.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Damascus University
Research Ethics Committee issued approval 2021-1021. Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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