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Abstract

Background: There are different surgical techniques to remove Oral mucoceles, including conventional surgery
with scalpel, removal of the lesion with CO2 laser, and micro marsupialization. The present systematic review
was conducted with the aim of comparing the recurrence rate of different surgical techniques for treatment of the
oral mucoceles.

Material and Methods: An electronic search for randomized controlled trials published in English until September
2022 related to different surgical methods for the treatment of oral mucocele was performed in Medline/PubMed,
Web of Science, Scopus, Embase and Cochrane databases. A random-effects meta-analysis was conducted to
compare the recurrence rate of different techniques.

Results: Among 1204 papers initially identified, after the removal of duplicate articles and screening of the titles
and abstracts, fourteen full-text articles were reviewed. Seven articles comparing the recurrence rate of oral mu-
cocele in different surgical techniques were found. Seven studies were included in qualitative studies, and five
articles were included in the meta-analysis. The risk of mucocele recurrence in the micro-marsupialization tech-
nique was 1.30 times that of the surgical excision with scalpel technique, which was not statistically significant.
The risk of mucocele recurrence in the CO2 Laser Vaporization technique was 0.60 times that of the Surgical
Excision with Scalpel technique, which was not statistically significant.

Conclusions: The results of this systematic review showed that there is no significant difference between the re-
currence rate of surgical excision, CO2 laser and marsupialization techniques for the treatment of oral mucoceles.
Although more randomized clinical trials are needed for definitive results.

Key words: Mucocele, lasers, gas, recurrence, meta-analysis.
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Introduction

Oral mucocele is a cyst-like lesion and the second be-
nign soft tissue lesion in the oral cavity, which is re-
sulted from the accumulation of saliva caused by mi-
nor pathological changes in the salivary glands of the
mouth (1). Clinically, it appears as single or multiple,
soft, smooth, spherical nodules, without pain and differ-
ent colors appear from clear blue to pink (2).

Oral mucoceles are asymptomatic in most cases, but in
rare cases, when they appear as multiple and recurring
lesions, they may cause severe pain (3). If the extension
is large enough, it may interfere with speech as well as
chewing and swallowing food. In some cases, this con-
dition may be accompanied by excessive secretion of
saliva into the mouth (4).

There are different surgical techniques to remove this
lesion, including: conventional surgery with scalpel,
removal of the lesion with CO2 laser, marsupialization
and micro marsupialization. Among these, conventional
scalpel surgery is the most common method for the treat-
ment of this lesion despite complications such as post-
operative bleeding and neuropathy, pain, lip deformity,
damage to nearby anatomic structures and ducts (5).
Laser has many advantages over scalpel in soft tissue
surgeries. Lasers can vaporize, coagulate, or cut. The
laser causes immediate sterilization of the surgical
wound, provides a bloodless surgery in most cases, and
allows surgery without contact and consequently me-
chanical damage to the tissue (6). At present, the effi-
ciency of the CO2 laser due to its high speed, minimal
swelling, negligible damage to nearby tissues, and less
pain is considered higher compared to other techniques
(7). However, due to the high cost of laser generators
and lack of experience with it, this technology has not
been fully developed in some centers (8).
Micro-marsupialization is simple and fast technique
and causes the least damage among the described man-
agement options. Although, it has been reported that
large and deep mucoceles treated with micro marsupi-
alization technique might show poor clinical results (9).
Therefore, the success rate depends on the case selec-
tion for micro marsupialization. The recovery of the le-
sions, the recent history of trauma, whether the lesion is
superficial or deep, and the size of the lesion should be
taken into account carefully (10).

The present systematic review and meta-analysis was
conducted with the aim of comparing the recurrence
rate of different surgical techniques for treatment of the
oral mucoceles.

Material and Methods

In this systematic review, the principal question was
formulated on the basis of the population, intervention,
comparison, and outcome (PICO) approach, where “P”
was patients with mucocele, “I” was conventional sur-
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gery, “C” was other surgical techniques including mar-
supialization and laser, and “O” was recurrence rate.
The aim of this study was to compare the recurrence
rate of oral mucocele in different surgical techniques.

- Inclusion Criteria

Cross-sectional and Randomized Clinical Trials; Only
studies focusing on patients with oral mucocele; Only
studies using surgical techniques as a treatment; Only
English papers; and Papers published until December
2022.

- Databases and Search Strategy

The article selection process was performed in five steps
according to PRISMA flow diagram (11). The electronic
search was conducted by KK.

Medline/PubMed, Web of Science, Scopus, Embase,
and Cochrane databases were searched. The keywords
were selected from medical subject heading terms
(MESH) and free terms. The search keywords were
“recurrence”, “mucocele”, “oral mucocele”, “surgery”,
“conventional surgery”, “scalpel”, “blade”, “laser”,
“laser surgery”, “diode laser”, “CO2 laser”, “micro-
marsupialization”, “marsupialization”, “recurrence”,
“relapse”, “mucoceles”, “ranula”, “sialocele”, and “cold
knife”, “cold knife surgery”, “excision”, “diode laser”,
“cryotherapy”, “laser therapy”.

Every possible combination of free and medical subject
heading terms with “OR” and “AND” operators was
considered for finding the data. The research team made
an effort to communicate with the Correspondences for
supplementary information if necessary. To identify
more research studies, the reference lists of the selected
studies were searched as well.

The EndNote Basic software was used to manage the
references, and duplicate references were identified and
removed.

- Study Selection

Two reviewers (K.K and M.Z) scanned the titles and ab-
stracts of the articles independently. In the second step,
the full texts of the selected articles were reviewed.
In the case of a disagreement, a third reviewer (M.H)
was consulted. Finally, the full-text evaluation of the
included articles was performed using a pre-designed
data extraction form.

- Assessment of the Risk of Bias

The Cochrane risk-of-bias tool for RCTs version 2
(RoB2) (12) was utilized by two independent reviewers
(K.K and E.Z) to appraise the selected article. Disagree-
ments were settled by discussing with a third reviewer
(M.H). Articles with high risk of bias, including studies
without a control group were excluded from the study.

- Data Collection Process

A customized form for data extraction was built in Mi-
crosoft Excel to classify the details of the studies, in-
cluding study ID (first author’s name and publication
date), country of origin, surgical methods used, gen-
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ders, mean age, mean size of lesion, location, follow up
time, sample size, recurrence rate, and complications.

- Statistical Analysis

The mean recurrence rate with standard deviation was
calculated for the included studies. Heterogeneity be-
tween studies was calculated using the 12 and Q in-
dices. A value of 12 greater than 50% was considered
significant heterogeneity. For combining the results,
a random-effects model was utilized. The Statistical
analysis were performed using the CM A v.2.0 software.
A probability value <0.05 was considered significant.
Finally, the results of the meta-analysis were presented
in the form of forest plots.

Results

- Search Results

Among 1204 papers initially identified, 993 studies
remained to be assessed after the removal of duplicate
articles. After an initial screening of the titles and ab-
stracts, fourteen full-text articles were reviewed (Fig. 1).

Recurrence rate of surgical techniques of oral mucocele

According to the inclusion and exclusion criteria, seven
articles were found that compared the recurrence rate of
oral mucocele in different surgical techniques. Therefore,
seven studies were included in qualitative studies (13-
19), and five were included in the meta-analysis (13-17).
- The Results of Evaluating the Risk of Bias

None of the articles showed high risk of bias. According
to RoB2, one of the studies showed a low risk of bias
(18), while the other 6 had moderate risk of bias (13-
17,19). The details are presented in Fig. 2.

- Characteristics of the Studies

Seven studies were included comprising of 368 patients.
The descriptive characteristics and the associated data
of these studies are organized in Table 1. Follow up pe-
riods ranged from one months to twelve months. Recur-
rence rate in the studies ranged from 0% to 42%.

Three studies compared micro-marsupialization and
surgical excision (13-15). Overall, 51 patients were
treated with micro-marsupialization and 70 patients
were treated with surgical excision.

[ Identification of studies via databases and registers J
g/
Records identified from:
5 Databases (n =1204)
§ PubMed Central (PMC) Records removed before
(n=399) »| screening:
£ Web of Science (n=149) Duplicate records removed (n
§ Scopus (n=288) =211)
- Embase (n=350)
Cochrane (n=18)
4
Records screened Records excluded
—>
(n =9893) (n=979)
A4
Reports sought for retrieval »| Reports not retrieved
= (n=14) | (n=0)
3
2
£ A
Reports assessed for eligibility
= Em—
(n=14) Reports excluded:
Did not have control group (n
=4 )
Included ranulas (n =3 )
A4
o Studies included in review
3 (n =7)
% studies included in quantitative
£ analysis
(n =5)

Fig. 1: PRISMA flow diagram for the selection of eligible articles included in the study.
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::::I‘IW'W' Unique ID Study ID Experimental Comparator D1 D2 D3 D4 D5 Overall
1 Giraddi 2016 Micro-marsupialization Surgical excision . ! . . . @ . Low risk
2 Sagari 2012 Micro-marsupialization Surgical excision ! ! . . . @ ! Some concerns
& Piazzetta 2011 Micro-marsupialization Surgical excision 1 ! . . . @ . High risk
4 Wu 2011 02 laser Surgical excision 1 " 9O ® © @
5 Yagiie-Garcia 2009  CO2 laser Surgical excision ! 1 . . . @ D1 Randomisation process
6 Broccoletti 2014 quantic r scalpel Traditi scalpel . . . . ‘ . D2 Deviations from the intended interventions
7 Bansal 2017 modified mic ializati micr . ! . . ‘ @ D3 Missing outcome data
D4 Measurement of the outcome
DS Selection of the reported result
Fig. 2: Risk of bias assessment.
Table 1: The data of the studies included in the systematic review.
firstauthor | coun- Groups Sample | gender | Mean | Mean size of Location Follow up Recur- Other complica-
/Year try P size FM age lesion (mm) (number) (months) | rence rate | tions (number)
1.Micro- 196 lmirolslg((%’iﬁlgg?l loosening of
. . marsupial- 10 6/4 9‘ 6 9.843 P h(l ’ 20% suture after 2
Giraddi ization 9. of mouth(l), Upper days (1)
2016 India lip (1) 9
. lower lip (8), Buc-
vzvi tfl"s‘i‘asllogl 10 6/4 |219+11| 1156 cal mucosa (1), 10% fibrosis (1)
P Floor of mouth (1)
1.Micro- 101 lower lip (6), soft
marsupial- 8 ’ 4.6 palate (1) 12.5% None
L 2.4
Sagari ) ization floor of mouth (1)
2012 India NR NR
2. Excision 11.1 lower lip (6), buc- nerve mjury ),
- 7 35 42.8% salivary gland
with scalpel +2.1 cal mucosa (1)
damage (1)
1.Micro- lower lip (28),
marsupial- 33 18/15 tongue (2), buccal 15.15%
; ization mucosa (3
Piazzetta | g/ 1 o712021 ‘ <)l 1 NR
201 2. Excision +3.95 lower lip (44),
i 53 26/27 tongue (8), buccal 5.67%
with scalpel
mucosa (1)
0, . -
1O taser | 30 | g2 [ n [PSVED ] Lowerlip (57), 6.67% | Protoneed heal
Wu 2011 | Tai- 67%(10) | pyccal mucosa(2), 1 ing (1)
wan | 5 Excision 91.18%(<10) | floor of the mouth . wound dehis-
withscalpel | >+ [ 118 1 30 germic0) [ () tongue (3) >-88% cence (1)
1.CO, laser 30 13.1% None
lower lip(50) . .
Yagiie- Tongue (8) transient lip
Garcia | Spain | 2 Excision 28/40 26 10-15 Buccal mucosa (4) 12 3330, | Paresthesia (1),
2009 with scalpel 38 Palate (2) postoperative
Other(4) bleeding (3),
fibrous scars (5)
1.traditional 33.0 10.39 o s
Ttaly scalpel 46 19/27 4163 46823 2.17% Paresthesia (8)
Brocco- NR 3
letti 2014 2Qrms | 30 | 136 [ 20T | 9564388 None | Paresthesia (1)
1.Micro-
marsupial- 15 26.7% Suture loss (3)
ization 0
Bansal | India - 10/20 | 16-47 <10 (33.3%) NR 6
2017 2.Modified >10 (46.7)
micro-mar- 15 None Suture loss (4)
supialization

NR: Not reported RCT: Randomized clinical trial QRMS: quantic molecular resonance scalpel.
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Two of the studies reported higher rate of recurrence
in micro-marsupialization method but one of the stud-
ies’ results was different. In spite of the results, all three
studies reported that the difference was not statistically
significant.

Two studies compared Mucocele removal by CO2 laser
and surgical excision (16,17). In the study done by Wu
et al. four (6.25%) recurrences happened, two of which
were from the CO2 laser group (6.67%) and the other two
were from the surgical excision group (5.88%) (16). In the
other hand, Yagiie-Garcia et al. reported that ablation of
the oral mucoceles with the CO2 laser resulted in more
predictable outcomes and the frequency of complications
and recurrences were lower than scalpel surgery (17).
Bansal et al. (19) compared micro-marsupialization
with modified micro-marsupialization. Modified micro-
marsupialization uses maximum possible number of su-
tures with a short distance between entry and exit. No
recurrences were reported in the first month. After three
months, one case, and after six months, three cases, had
recurrences from micro-marsupialization group. How-
ever, the difference between groups was not significant.
In a study conducted by Broccoletti et al. (18) traditional
or quantic molecular resonance scalpel surgery (QMRS)
were used for eighty-five patients with mucoceles. Af-
ter three months of follow-up, one recurrence from the
cold scalpel group was reported. No recurrence hap-
pened in QMRS group. No significant difference was
found between the two surgical techniques. The average
painkiller use in the cold scalpel and QMRS groups was
1.46 and 1.56, respectively (p>.05).

- Meta-Analysis

In three studies (13-15) the recurrence rate of oral mu-

Recurrence rate of surgical techniques of oral mucocele

cocele was investigated between the two techniques
of surgical excision with scalpel and micro-marsupial-
ization. There were 70 patients in the surgical excision
with scalpel group and 51 people underwent micro-mar-
supialization.

The heterogenicity between studies was not significant
(Q-value=3.261, df=2, I-square=38.66, p-value=0.196).
Based on the results of the meta-analysis, the risk of
mucocele recurrence in the micro-marsupialization
technique was 1.30 times that of the surgical exci-
sion with scalpel, which is not statistically significant
(Pooled RR=1.30, 95% CI1=0.34-5.02, z- value=0.38, p-
value=0.70). Fig. 3 shows the forest plot of the results of
the meta-analysis.

In two studies (16,17), the recurrence rate of oral muco-
cele was investigated between two techniques, Surgi-
cal Excision with Scalpel and CO2 Laser Vaporization.
72 patients underwent surgical excision with scalpel
and 60 underwent CO2 Laser vaporization. The het-
erogenicity between studies was not significant (Q-val-
ue=0.919, df=l1, I-square=0.000, p-value=0.338). Based
on the results of the meta-analysis, the risk of mucocele
recurrence in the CO2 Laser vaporization technique
was 0.60 times that of the Surgical Excision with Scal-
pel technique, which was not statistically significant
(Pooled RR=0.60, 95% CI=0.15-2.40, z- value=-0.72, p-
value=0.47). Fig. 3 shows the forest plot resulting from
the meta-analysis.

Fig. 4 shows the Funnel diagram to check the Publica-
tion bias. Based on the presence of symmetry in Funnel
plot and Egger's regression test, the publication bias was
not statistically significant among the studies included
in the study (t-value=1.50, df=3, p-value=0.23).

A M.M S.EE.S

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight

Giraddi .et al(2016) 2 10 110 —|im———— 200 [0.21;18.69] 20.4%

Sagari .et al(2012) 1 8 3 T—a— 0.29 [0.04; 2.21] 24.9%

Piazzetta .et al(2011) 5 33 3 53 —+——— 268 [0.68;10.47] 54.7%

Common effect model 51 70 —m— 1.45 [0.53; 3.99] 100.0%
| | 1

Heterogeneity: /2 = 39%, t° = 0.5771, p = 0.19
Test for overall effect: z = 0.73 (p = 0.47)

B coz2LV

S.E.S
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Wu .et al(2011) 2 30 2 34 —i—.—— 1.13 [0.17;7.56] 54.9%
Garcia .et al(2009) 1 30 5 38————— 0.25 [0.03; 2.05] 45.1%
Common effect model 60 72 —— 0.58 [0.14; 2.35] 100.0%
T 1

Heterogeneity: P= 7%, 2= 0.0835, p =0.30
Test for overall effect: z =-0.77 (p = 0.44)

0.1 051 2 10

S.E.S = Surgical excision with scalpel, CO2 L.V= CO2 laser vaporization, M.M= Micro-marsupialization

Fig. 3: A) Forest plot of the comparison between micro-marsupialization and Surgical excision. B) Forest plot of the com-

parison between Co2 laser and Surgical excision.
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Funnel Plot of Standard Error by Log odds ratio
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Fig. 4: Funnel plot of the included studies.

Discussion

The present study reviewed the recurrence rate of oral
mucocele in different surgical methods.

Although oral mucoceles may rupture spontaneously
and heal without treatment within four to six weeks, re-
currence is common (20). Some interventions may be
needed to eliminate the large mucoceles (21). Although
surgical excision is the most commonly used interven-
tion to remove these lesions, other methods include
marsupialization, micro-marsupialization, CO2 laser
ablation, cryotherapy, intralesional steroid injection,
and the use of sclerosing agents (22).

Conventional surgical excision which removes the adja-
cent small salivary ducts is the most common treatment
of small mucoceles (23). On the other hand, this con-
ventional surgery may damage the surrounding struc-
tures, especially the labial branch of the mental nerve in
the case of large mucoceles, therefore marsupialization
and other techniques were suggested (24,25). Micro-
marsupialization which is a popular option for pediatric
patients, is minimally invasive, fast, simple to perform,
and relatively painless (26).

Among the included studies, three studies compared
micro-marsupialization with surgical excision (13-15).
Sagari et al. (15) reported that in 15 cases, three cases
had recurrence in the surgical excision group, whereas
in micro-marsupialization group, one case of recur-
rence was seen. There was no statistically significant
difference between the groups in lesion evolution, re-
currence or post-operative healing. Piazzetta et al. (14)
reported that from the thirty-three cases treated by mi-
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cro-marsupialization, twenty-five had a full recovery
in seven days and three had full regression in fifteen
days. In the other five cases, the lesions recurred and
surgical excision was performed. In the surgical exci-
sion group, three of the fifty-three patients had a re-
currence and second surgical excision was warranted.
The rate of recurrence was not statistically different
between the two groups. It was shown that muco-
celes that had been present for less than ninety days
responded better to micro-marsupialization compared
to longer lasting mucoceles. In the study conducted
by Giraddi et al. (13) in the group treated with micro-
marsupialization two patients had a recurrence while
in patients treated with surgical excision, there was
one recurrence. All recurrent cases received a surgi-
cal excision. No statistically significant difference was
found between the two groups.

All three studies reported that there was no statistical-
ly significant difference between the recurrence rates
of these two methods. In addition, heterogenicity be-
tween studies was not significant and our meta-analysis
showed no significant difference.

Bansal et al (19) assessed micro-marsupialization and
marsupialization and declared no significant difference
between recurrence rates. Modified micro-marsupial-
ization appears to be a safe method of treatment for oral
mucoceles. Many studies have mentioned the strengths
of this modified method like being minimally invasive ,
shorter procedural time making it valuable in children,
negligeable discomfort, and nearly no postoperative
complications (27,28).
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Lip disfigurement, damage to nearby ducts, numbness,
and scarring are complications related to conventional
surgical excision (17,21). CO2 laser ablation was pro-
posed as an alternative treatment (29). CO2 laser ab-
lation is a relatively fast and simple method which is
limited to the superficial mucosa when set between 5
and 10 W. CO2 laser ablation results in fewer compli-
cations such as postoperative bleeding, pain, and dam-
age to surrounding structures compared with scalpel
excision (29, 30). CO2 laser ablation does not require
a suture and typically lasts about three to five minutes.
It has excellent surgical visibility due to its bloodless
procedure (31).

Among the studies that were reviewed, two studies
compared CO2 laser with surgical excision with a Scal-
pel (16,17). In Wu et al. study,(16) 30 cases received
CO2 laser and 34 received surgical excision. Two recur-
rences were reported from the CO2 laser group (6.67%)
and two from the excision group (5.88%). Wound dehis-
cence happened in one case of the excision group and
prolonged wound healing was seen in two patients from
the CO2 laser group. The recurrence rate was not statis-
tically different between the groups.

Yagiie-Garcia (17) declared that among the conventional
surgical removal group, 8.8% showed a recurrence, and
13.2% of the patients experienced postoperative compli-
cations. The most common complication was the pres-
ence of fibrous scars. There were no complications or
recurrences after twelve months in the CO2 laser group.
This meta-analysis shows that the risk of recurrence of
oral mucocele in patients treated with CO2 laser vapor-
ization and surgical excision with a scalpel is not statis-
tically different.

In one of the studies reviewed, Broccoletti et al. (18)
concluded that QMRS for surgical removal of labial
mucoceles was similar to traditional scalpel regarding
postoperative quality of life, pain, and post-surgical lip
paresthesia. QMRS uses electric current to produce a
flux of quanta, therefore, the operator can cut and co-
agulate the tissue at the same time (32).

In general, several factors may affect the results of
treatments, including age, gender, duration of follow-
up, size of the lesion, location, presence of systemic dis-
eases, and methods of post-operative care.

The limitation of this study is that it only evaluates the
recurrence rate of the surgical methods not the other as-
pects of treatment outcomes or other non-surgical treat-
ments.

Conclusions

The results of this systematic review and meta-analysis
showed that there is no significant difference between
the recurrence rate of surgical excision, CO2 laser and
marsupialization techniques for the treatment of oral
mucoceles. Therefore, for now it can be said that the
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clinician should choose the method of treatment based
on the availability of equipment and expertise, although
more randomized clinical trials are needed for defini-
tive results.
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