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KEYWORDS Abstract Background: The early period after tooth extraction is a critical period for wound heal-
Myrrh; ing. Wound healing after tooth extraction is considered secondary intention healing. It passes
Tooth extraction; through several stages in the following order: hemostasis, inflammatory phase, proliferative phase,
Wound healing and finally the remodeling phase.

Wounds usually heal normally unless there is interference by local or systemic factors. In certain
circumstances, early wound healing can be enhanced by several interventions such as antibiotics,
mouthwashes, or topical medications. Myrrh has been used as a topical medication for promoting
wound healing after tooth extraction. The purpose of this study was to assess the wound healing
effect of myrrh mouthwash during the early post-extraction period.

Methods: We enrolled 40 healthy adult patients in this study (20: study group and 20: control
group). All the activities performed for each group were double-blinded. All the participants under-
went dental extraction under local anesthesia using standard protocol. Next, the study group used
Commiphora molmol (myrrh) extract as a mouthwash while the control group used normal saline
mouthwash. The participants used the mouthwashes twice a day for 7 days starting from the first
post-extraction day. Clinical examination data were recorded and analyzed using the Mann Whitney
Wilcoxon test.

Abbreviations: ISRCTN, International Standard Randomized Controlled Trial Number; IRB, Institutional Review Board.
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Results: There was a statistically significant between-group difference in postoperative surgical-
site edema, tenderness, and socket size, with the test group showing greater improvements.
Conclusions: Myrrh mouthwash has an enhancement effect on wound healing during the early

period after tooth extraction.

© 2019 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. Thisis an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The early period after tooth extraction is a critical period for
wound healing. Wound healing after tooth extraction is con-
sidered secondary intention healing. It involves several stages
as follows: hemostasis, inflammatory phase, proliferative
phase, and finally the remodeling phase. Hemostasis involves
primary platelet plug formation in a fibrin matrix, which nor-
mally occurs within minutes during the immediate post-
extraction period. The inflammatory phase takes place during
the first post-extraction week and involves formation of tem-
porary fibrin. This phase is clinically characterized by redness,
swelling, hotness, and pain. Neutrophils and monocytes are
recruited to the extraction site to initiate phagocytosis and
first-line defense. They also stimulate the release of cytokines
and growth factors that promote the healing process. The pro-
liferative phase usually starts from the 4th post-extraction day
until the third week and involves proliferation of more special-
ized cells such as angiocytes and neurocytes. The blood vessels
proliferate and woven bone formation begins. Granulation tis-
sue is formed during the third week and re-epithelialization is
almost completed. Bone remodeling continues until the 4th to
6th post-extraction month while the whole wound remodeling
phase continues after about 22 days to 2 years with the fibrob-
lasts playing a major role (Kane, 2007; Shetty and Schwartz,
2006; Werner and Grose, 2003).

Wounds usually heal normally unless there is interference
by local or systemic factors. In certain circumstances, early
wound healing can be enhanced by several interventions such
as antibiotics, mouthwashes, or topical medications. Myrrh
has been used as a topical medication for promoting wound
healing after tooth extraction. It is an aromatic resin exudate
obtained from Commiphora molmol and Commiphora myrrh
trees, which are species of the Burseraceae family (Hanus
et al., 2005). These species are found in southern Arabia,
and from Northeast Africa to Northeast Kenya (Hanus
et al., 2005). Myrrh is chemically composed of about 30—
60% of water-soluble gum, 20—40% of alcohol-soluble resin,
and 3-8% of volatile oil (Hanus et al., 2005; Zhu et al.,
2003). The gum part consists of polysaccharides and proteins
while the volatile oil part consists of steroids, sterols, and ter-
penes. The strong odor of myrrh comes from furanosesquiter-
penes (Hanus et al., 2005).

Myrrh has been used as a medicine by Chinese people since
the Tang Dynasty in A.D. 600 (Hanus et al., 2005). It has also
been used for many years as a medicine in the Middle East (Al-
Harbi et al., 1997; Huang, 1998; Tariq et al., 1985). Alternative
medicine has been well accepted by the public with more than
half of the worldwide population using it for treatment
(Modak et al., 2007). Myrrh, which is used in alternative med-
icine, was traditionally used for wound care and to treat sev-
eral diseases including joint pains, gastric problems,

infections (Abdul-Ghani et al., 2009), sore throats, cough,
and burns. It is also used as an oral mouthwash and as anti-
cancer treatment (Al-Harbi et al., 1994; Dolara et al., 2000;
Nomicos, 2007).

Previous studies have demonstrated evidence of the poten-
tial anti-inflammatory, antihistaminic, hypolipidemic, hypoc-
holesterolemic, and antiatherosclerotic effects of myrrh
(Duwiejua et al., 1993; Lata et al., 1991; Malhotra et al.,
1977; Tariq et al., 1985). Moreover, the efficacy of myrrh in
infectious diseases has been reported by many studies. A pre-
vious study reported antimicrobial effects of various species
of Commiphora against several Gram-positive and Gram-
negative bacteria (El Ashry et al., 2003). Strains of Staphylo-
coccus aureus, Salmonella enterica, and Klebsiella pneumoniae
have been shown to be sensitive to Commiphora molmol
(Rahman et al., 2008).

Moreover, a study reported minimum inhibitory concentra-
tions of myrrh for a range of pathogens, including Pseu-
domonas aeruginosa, Escherichia coli, and Candida albicans
(Dolara et al., 2000). Myrrh has been shown to have a thera-
peutic effect on fascioliasis (Massoud et al., 2004) and to be
effective in Schistosoma-infected mice (EI-Sherbmy et al.,
2006). There are also reports of myrrh being used as a gingival
anti-inflammatory toothpaste and mouthwash (Bradley, 2006;
Saeedi et al., 2003). An animal model study reported that
application of a diluted suspension of myrrh as a mouthwash
stimulated wound healing in injured oral tissue (Al-
Mobeeriek, 2011). However, the study suggested possible
adverse reaction of the oral tissue to myrrh related to a higher
dose, longer time of application, or as part of a reaction to
myrrh constituents, regardless of the dose (Al-Mobeeriek,
2011).

There have been fewer studies on the toxicity of myrrh com-
pared to those on its positive effects (Omer and Adam, 1999;
Omer et al., 1999; Rao et al., 2001). A previous study investi-
gated the effects of different concentrations of myrrh mouth-
wash on the tensile strength of 3 types of suture materials,
ie., silk, polyglactin, and polytetrafluoroethylene. They
reported a significant decrease in the tensile strength of all
the sutures when applying 100% myrrh solution, especially
after use for 3 days (Alshehri et al., 2015).

An animal study reported that pre-treatment with myrrh
had dose-dependent protection against the effects of ethanol
treatment including adverse effects on the stomach wall lead-
ing to mucosal damage, necrosis, erosion, and hemorrhage.
This protective effect of myrrh is due to its ability to induce
mucous secretion in the gastric wall and increase the formation
of nucleic acid and nonprotein sulfhydryl. These occur through
prostaglandin and thyroid stimulation, as well as antioxidant
effects (Al-Harbi et al., 1997; Bone 2003).

Myrrh has been reported to exhibit an antitumor effect on
Ehrlich ascites carcinoma similar to that of cyclophosphamide
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(Al-Harbi et al., 1994; Qureshi et al., 1993). In mice exposed to
lead toxicity, myrrh emulsion has been reported to decrease
oxidative injury and lipid peroxidation, and stimulate glu-
tathione S-transferase antioxidant enzyme in liver tissue. It
has also been shown to enhance immunity by stimulating lym-
phocytes and phagocytosis (Ashry et al., 2010; Assimopoulou
et al., 2005; Auffray, 2007; Delaveau et al., 1980; El-Ashmawy
et al., 20006).

Our study will have a strong implications in which its appli-
cation has high prevalence and public health importance of
complications that come with oral surgery procedures and
the need to develop safe and effective treatments and manage-
ment protocols. As addressed by literature review, this is the
first study that discuss the application of myrrh to enhance
wound healing.

The objective of this study was to prove the wound-healing
potentiation effects of myrrh mouthwash during the early
post-extraction period.

2. Materials and methods

Ethics approval was obtained from the Institutional Review
Board (IRB) in King Saud University after a full board review
and registered with the National Committee of Bio and Med-
ical Ethics and assigned a reference number: E-17-2609. The
study was registered in the International Standard Random-
ized Controlled Trial Number (ISRCTN) through BioMed
Central given the ID: ISRCTN82716015 registered 19 April
2019, retrospectively registered. Written informed consent
was obtained from each subject. The study was conducted
according to the World Medical Association Declaration of
Helsinki version 2008.

We enrolled 40 healthy nonsmoker adult patients in this
study. To estimate the sample size for a randomized controlled
trial (using EPI Info 7, StatCalc, CDC, USA), we assumed a
95% confidence level and statistical power of 90% and the
sample size was estimated as 36 patients (18 cases + 18 con-
trols). After allowing a 10% overestimation to accommodate
for loss to follow-up, the final sample size was calculated as
40 patients (20 cases + 20 controls).

The inclusion criteria were as follows:

— Young adults in the age range of 18-45 years and with
American Society of Anesthesiologists physical status I.

— Lack of infection at the tooth indicated for extraction.

— Absence of any pathology at the area of the tooth indicated
for extraction and neighboring teeth.

— Teeth that require simple extraction.

— Provision of written informed concent explaining all the
study’s possible risks, aims, and methodology.

The exclusion criteria were as follows:

— Medically compromised patients.

— Pregnant females.

— Teeth that require surgical extractions.
— Teeth with abscess or pathology.

We conducted a randomized, double-blind, placebo-
controlled study with both the participants and the examiner
masked. The subjects were randomly assigned to the exposure

or control group, and only the dental assistant was aware of
the group allocation. All participants underwent dental extrac-
tion under local anesthesia at the Oral and Maxillofacial Sur-
gery Clinic, College of Dentistry, King Saud University. The
procedures adhered to the standard pre-operative and post-
operative extraction protocols. All the patients received post-
operative advice on good oral hygiene.

Patients were randomized into two groups. Group A (Test
group) consisted of subjects who were prescribed to use Com-
miphora molmol (myrrh) extract as a mouthwash twice a day
for 7 days, beginning from the 1Ist post-operative day. The
myrrh was prepared by the researcher as a mouthwash in the
following concentration: 0.5% w/w which indicates that
0.5% of the drug is present in the solution (El-Ashmawy
et al., 2006; Pole, 2006). It means 0.5 gm of drug in 100 gm
of water (0.5 gm myrrh/100gm of water), and 100gm water
equals 100 ml water so we prepared the required mouthwash
amount of 250 ml by providing 1.25 gm of grinded myrrh to
be dissolved by the patient in a cup of 250 ml of warm water.
The measurements were done using the laboratory analytical
digital weighing balance (Mettler Toledo® MS205DU Semi-
micro Analytical Balance). The researcher obtained the myrrh
commercially after which it was ground and packed in unla-
beled packs of white nontransparent filter paper, each contains
1.25 gm of myrrh (see Fig. 1). The patients were instructed to
put each pack in a cup of 250 ml warm water for use as a
mouthwash.

Group B (Control group) consisted of patients who were
prescribed to use saline mouthwash (0.90% w/v of NaCl) twice
a day for 7 days beginning from the 1st post-operative day.
The researcher prepared unlabeled packs of white nontrans-
parent filter paper, each contains 2.25gm of sodium chloride.
Similarly, the patients were instructed to put each pack in a
cup of 250 ml warm water for use as a mouthwash.

Fig. 1
packing.

Commiphora myrrh powder weight measurement before
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The clinician and participants were double-blinded to ran-
domization of the patients, which was documented only by a
neutral dental assistant. To eliminate bias, each of the mouth-
wash packs was labeled with a code number based on a ran-
domization sequence. Post-operative assessment, which
included the recording of the patients’ symptoms and systemic
and local findings, was performed on the 7th day. The patients’
pain degree was measured using the Visual Analogue Scale.
Local findings were obtained by assessing the presence/absence
of swelling or facial asymmetry which is reported by visually
comparing the extraction site with the contralateral side and
measuring between facial points identified with permanent
marker were made prior to surgery: angle of the mandible,
nasal border, labial commissure, tragus, laterally to external
corner of the eye, and on soft tissue pogonion. The distances
were measured I: from angle of the mandible to tragus; II:
from angle of the mandible to external corner of the eye; III:
from angle of the mandible to nasal border; IV: from angle
of the mandible to labial commissure; V: from angle of the
mandible to soft tissue pogonion. Calculation done by measur-
ing the distances differences between preoperative and postop-
erative assessment. Accordingly the average differences
value < 10 mm, considered as mild swelling; 10-20 mm, con-
sidered as moderate swelling and value > 20 mm, considered as
severe swelling (Zhang et al, 2018). The oral condition includ-
ing the color of the gingiva around the extracted socket by
visually inspection of color changes other than the healthy
pink color; presence of any infection signs such as pain, tender-
ness, abnormal or bad odor, and pus discharge; bleeding;
socket size; loss of function such as limited mouth opening
or numbness; and any other findings.

Bleeding is considered present if it is identified in any degree
during patient examination in the determined postoperative
period.

Socket size is recorded by measuring the socket size in the
immediate postoperative time and compare it with its size in
the 7th postoperative day and classified as shrunken if became
narrower in any degree, same size if no change or increased in
its size if became larger.

Limitation of mouth opening was measured using a cali-
brated digital caliper measuring the vertical distance between
the maxillary and mandibular incisal edges normally
>30 mm and if less means presence of limited mouth opening
(Zhang et al, 2018).

A single examiner performed all clinical measurements
prior to surgery (baseline) and on the seventh postoperative
day. Data obtained from the post-extraction assessment were
tabulated, variables defined as categorical variables and statis-
tically analyzed using the Mann Whitney Wilcoxon test. A
data collection sheet was prepared to guide the examiner dur-
ing the clinical examination (see Fig. 2). The data obtained
were analyzed using the Statistical Package for Social Science
version 25.0 program (SPSS Inc, Armonk, NY, USA).
Descriptive statistical analysis using frequencies, percentages,
means, and standard deviations, was used to describe the
variables.

3. Results

A total of 40 participants (20: study group and 20: control
group) completed the study. The phases of the parallel ran-

domized trial are shown in the Consolidated Standards of
Reporting Trials (CONSORT) flow diagram (see Fig. 3).

The frequencies and percentages of variables for experimen-
tal and control groups are shown in Table 1.

Regarding the patients’ symptoms in the control group, we
found that 70% of the participants had no pain, 20% had
some degree of pain, and 10% had severe pain. In the experi-
mental group, 95% of the participants had no pain and 5%
had some degree of pain (see Fig. 4). The Mann-Whitney Wil-
coxon test revealed that there were no statistically significant
between-group differences (p = 0.194): control group
(M = 0.70) and experimental group (M = 0.25).

Regarding local signs, the findings were divided into either
inflammatory signs or other abnormalities as follows:

e Color changes of mucosa at extraction area: In the control
group, 60% of the participants showed no color changes
of the gingiva and mucosa at the extraction site while
40% showed gingival redness. In the experimental group,
85% of the participants showed no gingival or mucosal
color changes while 15% showed gingival redness (see
Fig. 5). The Mann-Whitney Wilcoxon test revealed no sta-
tistically significant between-group differences (p = 0.080):
control group (M = 0.40) and experimental group
M = 0.15).

Swelling at the extraction site: In the control group, 65% of
participants had no swelling, 30% had mild edema or swel-
ling at the extraction site, 5% had moderate swelling, and
none had severe swelling. In the experimental group,
100% of the participants showed absence of any swelling
(see Fig. 6). The Mann-Whitney Wilcoxon test revealed sta-
tistically significant between-group differences ***p < 0.001
(control group: M = 0.75; experimental group: M = 0.00),
with the control group having a higher frequency.
Tenderness at the extraction site: In the control group, 55%
of participants showed absence of tenderness and 45% had
tenderness. In the experimental group, 90% of the partici-
pants showed absence of tenderness and 10% had tenderness
(see Fig. 7). The Mann-Whitney Wilcoxon test revealed sta-
tistically significant between-group differences **p < 0.01
(control group: M = 0.45; experimental group M = 0.10),
with the control group having a higher frequency.

Odor at the extraction site: In the control group, 95% of the
participants showed absence of odor changes and 5%
showed changes in odor. In the experimental group,
100% of the participants were showed absence of odor
changes (see Fig. 8). The Mann-Whitney Wilcoxon test
revealed no statistically significant between-group differ-
ences (p = 0.315) (control group M = 0.05; experimental
group M = 0.00).

Discharge of pus or exudates from the extraction site: In both
groups, 100% of the participants showed absence of any
discharge from the extraction site (see Fig. 9). The Mann-
Whitney Wilcoxon test revealed no statistically significant
between-group differences (p = 1.00) (control group
M = 0.00; experimental group M = 0.00).

Bleeding from the extraction site: In both groups, 100% of
the participants showed absence of bleeding from the
extraction site (see Fig. 9). The Mann-Whitney Wilcoxon
test revealed no statistically significant between-group dif-
ferences (p = 1.00) (control group M = 0.00; experimental
group M = 0.00).
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Case code:

Presence Absence

Patient Symptoms

Signs of inflammation and
infection

Systemic Findings
e Fever
e Fatigue
e Others
Local findings
e Colour
e Swelling
e Tenderness
e Odour

e Discharge

e Bleeding

e Limited mouth opening

o Socketsize shrink
same
increase

e Other abnormality

Fig. 2 The clinical assessment sheet of the participants.

o Limited mouth opening: In both groups, 100% of the partic-
ipants showed absence of any limitation in mouth opening
(see Fig. 9). The Mann-Whitney Wilcoxon test revealed no
statistically significant between-group differences (p = 1.00).

e Socket size: In the control group, 40% of the participants
had, as compared to the preoperative socket size, a shrun-
ken socket size, 45% had a similar-sized socket, and 15%
showed an increased socket size. In the experimental group,
90% of the participants had a shrunken socket size and
10% a similar-sized socket (see Fig. 10). The Mann-
Whitney Wilcoxon test revealed statistically significant
between-group differences ***p < 0.001 with the control
group having a higher frequency of an increased or similar
socket size.

e Other inflammatory or abnormal findings: In the control
group, 100% of participants did not show any other local
findings while in the experimental group, 85% did not show
any, 10% had mild plaque accumulation, and 5% had poor
oral hygiene (see Fig. 11). The Mann-Whitney Wilcoxon
test revealed no statistically significant between-group dif-
ferences (p = 0.076) (control group M = 0.00; experimen-
tal group M = 0.25).

Regarding systemic signs of inflammation or abnormality,
we observed the following findings:

e Fever: In both groups, 100% of the participants showed
absence of fever (see Fig. 12). The Mann-Whitney Wilcoxon
test revealed no statistically significant between-group dif-
ferences (p = 1.00) (control group M = 0.00; experimental
group M = 0.00).

e Fatigue or other findings: In both groups, 100% of the par-
ticipants showed absence of fatigue or any other systemic
findings (see Fig. 12). The Mann-Whitney Wilcoxon test
revealed no statistically significant between-group differ-
ences (p = 0.076) (control group M = 0.00; experimental
group M = 0.25).

4. Discussion

Our findings indicate that most of our patients did not have
significant complaints, symptoms, infection, or severe abnor-
mality during the postoperative assessment, apart from a few
patients in the control group who reported severe pain. There
were no significant between-group differences in the local signs
except for swelling, tenderness, and socket size, which had a
higher frequency in the control group. Further, our findings
indicated that the study group had a significant decrease in
the inflammatory signs after one postoperative week. Since
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{ Enrollment ]

Assessed for eligibility (n=60)

Excluded (n=16)

+ Not meeting inclusion criteria (n=10)
>+ Declined to participate (n= 6)

+ Other reasons (n=0)

Randomized (n= 44)

!

RN

Allocation ] y

Allocated to intervention (n= 22)
+ Received allocated intervention (n= 22)
+ Did not receive allocated intervention (n= 0)

Allocated to control group (n=22)
+ Received allocated intervention (n=22)
+ Did not receive allocated intervention (n=0)

[ Follow-Up ] v

Lost to follow-up (patients failed to come) (n=2)

Discontinued intervention (n=0)

Lost to follow-up (patients failed to come) (n=2)

Discontinued intervention (n=0)

[ Analysis ] y

Analysed (n=20)
+ Excluded from analysis (n= 0)

Analysed (n=20)
+ Excluded from analysis (n=0)

Fig. 3 Flow diagram of the randomized trial phases.

all the participants did not show preoperative signs of infection
and were advised on good oral hygiene, the chance of error
was lowered; therefore, the myrrh mouthwash can be consid-
ered to have a wound healing enhancement effect.

Our findings are consistent with previous reports that indi-
cated the wound care efficacy (Al-Harbi et al., 1994; Dolara
et al., 1996; Nomicos, 2007) and anti-inflammatory activity
(Duwiejua et al., 1993; Lata et al., 1991; Malhotra et al.,
1977, Tariq et al., 1985) of Commiphora molmol. A similar ani-
mal model study by Al-Mobeeriek (2011) reported similar clin-
ical results. They used several mouthwash types to compare
with myrrh mouthwash and saline mouthwash, which was
used by the control group. They irrigated incised wounds with
1 ml of 0.2% myrrh solution that was prepared using pow-
dered myrrh obtained from a traditional market and dissolved
in normal saline. The mouthwash was applied three times per
week after the surgery for variable durations. The other
mouthwashes used for comparison were 0.2% chlorhexidine
gluconate and 0.25% tetracycline. They performed clinical
and histological assessments for variable intervals for up to
four weeks. They reported that the myrrh group started the
remodeling stage earlier and showed good immunomodula-
tion, as well as antibacterial and antifungal effects. Compared
to the control group, they found decreased inflammation in all
other groups after one week; however, the myrrh group had a
higher number of mast cells. After four weeks, participants in
all groups had normal mucosa, and a higher number of mast

cells was maintained in the myrrh group. They concluded that
the use of myrrh mouthwash provided antimicrobial activity,
and shortened the time required for wound healing by avoid-
ing a pronounced inflammatory response (Al-Mobeeriek,
2011). Their findings are consistent with ours regarding the
effects short-term myrrh mouthwash use.

Regarding systemic signs, we did not find any abnormalities
in either group, which might be explained by the simplicity of
the surgical procedure and the absence of an infectious source.
However, this could also be attributed to the antimicrobial
activity of myrrh. As earlier discussed, myrrh has an inhibitory
effect on the growth of many bacterial strains, fungi, and other
microbial species; moreover, it has been reported to have a
therapeutic effect on several severe infections such as fasciolia-
sis and Schistosoma (El-Sherbmy et al., 2006; Massoud et al.,
2004).

A double-blinded clinical study by Saeedi et al. (2003)
assessed the effects of myrrh application to the oral mucosa.
They prepared toothpastes containing either myrrh alone, or
myrrh with chamomile that were applied on bleeding gingiva,
and compared the results with those of a placebo control. They
found a significant improvement in gingival bleeding in partic-
ipants using myrrh-containing toothpaste compared to con-
trols. This suggested that myrrh-containing toothpastes could
be used in the management of patients with bleeding gingiva
(Saeedi et al., 2003). This is consistent with our findings of
inflammation reduction as shown by the less in inflammatory
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Table 1 Frequencies and percentages of variables.

Control Experimental Statistically Significant
Group Group Differences
Percentage Percentage
Patient Symptoms No pain 70.0 85.0 -
Some degree of pain 20.0 5.0
Sever pain 10.0 0.0
Color changes Absence 60.0 85.0 —
Presence 40.0 15.0
Swelling Absence 65.0 100.0 **kp < 0.001
Mild 30.0 0.0
Moderate 5.0 0.0
Tenderness Absence 55.0 90.0 **p < 0.01
Presence 45.0 10.0
Odor Absence 95.0 100.0 -
Presence 5.0 0.0
Discharge Absence 100.0 100.0 -
Bleeding Absence 100.0 100.0 —
Limited mouth opening Absence 100.0 100.0 -
Socket size Shrink 40.0 90.0 **kp < 0.001
Same 45.0 10.0
Increase 15.0 0.0
Other local findings Absence 100.0 85.0 -
Presence Poor oral hygiene 0.0 5.0
Mild plaque 0.0 10.0
accumulation
Fever Absence 100.0 100.0 -
Fatigue or other systemic Absence 100.0 100.0 -
findings
= 1.75 M Control Group M ?

18

¥ Experimental GroupM |

Fig. 4 Percentage of patients with postoperative symptoms.

signs including tenderness and swelling at the extraction area,
by the shrinkage of socket size and absence of postoperative
bleeding in the myrrh-treated group.

Myrrh exerts its anti-inflammatory effects via inhibition of
inflammatory mediators such as nitric oxide, prostaglandin
E2 (PGE2), and tumor necrosis factor-a (TNF-a)) production.
A previous animal study reported that myrrh inhibited
lipopolysaccharide-induced peritoneal macrophages and had
antimicrobial effects during sepsis in an animal model of
cecal ligation and puncture. Cecal ligation and puncture is

a method used to induce sepsis in animals via perforation
of the cecum, which allows the release of fecal material into
the peritoneal cavity (Kim et al., 2012). Myrrh has also been
reported to have a stimulatory effect on leukocytes. It poten-
tiates leukocyte migration to the injury site and maintains
their function and proliferation during the healing process
(Al-Said, 2010).

We did not find any side effects, allergy, and signs of toxi-
city, or unexplained abnormality with the use of the myrrh
mouthwash. This could be attributed to the low dose, short
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Color changes of mucosa at the extraction
site

100%

80%

60%

40%

20%

0%

él_v

Presence (redness)

Absence
Colour changes

Control Group Experimental Group

Fig. 5 Percentage of patients with postoperative color changes of mucosa at the extraction site.

Swelling at the extraction site

ok ok

100%

P — 90%
80%
70%
e — 60%
50%
40%
30%
20%
10%
—=p ”
Moderate Mild Absence
Swelling

Control Group Experimental Group

Fig. 6 Percentage of patients with postoperative swelling at the extraction site. Statistical differences ***p
group.

Tenderness at the extraction site

100%
*k

80%

60%

40%

20%

0%

ﬁ_v

Presence

Absence
Tenderness

Control Group Experimental Group

< 0.001 respect to control

Fig. 7 Percentage of patients with tenderness at the extraction site. Statistical differences **p < 0.01 respect to control group.

application duration, and high tissue tolerance toward myrrh.
This is consistent with previous findings of the ability of myrrh
to reduce tissue toxicity via several mechanisms. As discussed
earlier, myrrh has been reported to have a protective effect
on tissue from the adverse effects of ethanol and lead toxicity.
This is through its stimulatory effect on mucous secretion,
antioxidant, antitumor, and immune stimulatory potentials
(Al-Harbi et al., 1994; Al-Harbi et al., 1997; Al-Said, 2010;
Ashry et al., 2010; Assimopoulou et al., 2005; Auffray, 2007;

Bone, 2003; Delaveau et al., 1980; El-Ashmawy et al., 2006;
Qureshi et al., 1993). This indicates the tolerance of myrrh
and the safety of its use at a relatively low dose for wound
healing enhancement.

5. Conclusions

Myrrh mouthwash has an enhancement effect on wound heal-
ing during the early period after tooth extraction. The conclu-
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Fig. 8 Percentage of patients with odor changes at the extraction site.
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and limited mouth opening
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Fig. 9  Percentage of patients with postoperative fluid discharge, bleeding and limited mouth opening.
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Fig. 10  Percentage of patients with postoperative socket size changes. Statistical differences ***p < 0.001 respect to control group.

sion from our findings can be generalized to the population. As
has been well highlighted by discussing the findings in light of
those of previous studies, the study makes a significant novel
contribution to the existing research, as it is the first study to
assess the wound-healing potentiation effects of myrrh mouth-
wash during the early post-extraction period.

Suggestions: Developing a policy of implication of myrrh
mouthwash with standards in its prescription, indications,
availability in the market, clear instruction and follow up
assessments of the patients.

We recommend further research on the application of
myrrh after a more complicated oral surgical procedure, which
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Percentage of patients with other postoperative local findings.
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could reveal more findings on the myrrh potentiation ability to
enhance wound healing.

Availability of data and materials: The datasets used and/or
analyzed during the current study are available from the corre-
sponding author upon reasonable request.
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