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Abstract

Purpose Sialendoscopy is a new, minimally invasive method that is becoming increasingly more popular than traditional
methods for the treatment of sialolithiasis. In this systematic review and meta-analysis, the effectiveness and safety of this
method in children with sialolithiasis are investigated.

Methods Inclusion criteria were children with sialolithiasis. The information sources were databases MEDLINE and PubMed
Central (through PubMed), ScienceDirect, Cochrane Central Register of Controlled Trials (CENTRAL), citation indexes
Scopus and Google Scholar, trial registries, and “gray literature”. The last search was performed on September 18, 2022. The
risk of bias in included studies was assessed using ROBINS-I tool (Risk Of Bias In Non-randomized Studies of Interven-
tions). The pooled proportion of weighted means was calculated for the quantitative synthesis of available data.

Results The effectiveness of the method was estimated at 95.5% (95% CI 89.8-99.3%), from 13 studies including 133 cases.
The safety was estimated at 97.2% (95% CI 91.8-100%), from 10 studies including 113 cases.

Conclusion The limitations of this study, briefly summarized, are the small number of included studies, the fact that they
are mostly retrospective, the difficult application of the guidelines suggested by the PRISMA statement (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) and Cochrane handbook due to the nature of this specific condition and
intervention, and the difficulty in assessing reporting bias. The results of the current study indicate that sialendoscopy is an
effective and safe method for the treatment of sialolithiasis in children and should be implemented in daily clinical practice.
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Introduction
Rationale

Sialolithiasis is a relatively common disease in daily clinical
practice. Although it is less common in children, the symp-
toms cause a considerable burden to them and their caregiv-
ers. Its treatment varies. The application of sialendoscopy
began in 1990 [1-6]. Its use is constantly expanding as a
new, minimally invasive method of treating sialolithiasis.
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During the early years, many surgeons experimented by
using finer instruments and described their initial experi-
ences [7—14]. Many more enriched the current knowledge
by exploring several aspects of sialendoscopic management
of sialolithiasis and standardized the procedure [15-23].
The first paper including pediatric patients with sialolithi-
asis was published in 1997 [11] while the first paper involv-
ing exclusively children was published in 2000 [24]. Since
then, several more papers have been published regarding
sialendoscopy in sialolithiasis in children [25-29].

A systematic review was published in 2018 regarding the
use of sialendoscopy in salivary gland diseases in children
[30]. However, cases of sialolithiasis were not examined
separately. The findings were grouped in a table, without
drawing clear conclusions regarding the effectiveness and
safety of the method in children with sialolithiasis. Another,
more recent review, addressed pediatric salivary gland
stones over the last half-century, without posing a specific
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research question, but rather reported several data without
specific quantitative synthesis [31].

Objectives

The purpose of this systematic review is to assess the effec-
tiveness and safety of sialendoscopy as an intervention in
children with sialolithiasis, based on the existing relevant
literature, according to the most recent guidelines of the
PRISMA-statement (Preferred Reporting Items for System-
atic reviews and Meta-Analyses) [32], as well as based on
the guidelines of the Cochrane Handbook for Systematic
Reviews of Interventions version 6.3 [33].

Methods
Eligibility criteria
Population

We included studies involving children suffering from sialo-
lithiasis. Children were defined as patients up to 18 years of
age, with the majority required to be under 16 years of age
(for studies that did not provide individual patient charac-
teristics, we derived indicative information from the mean
age). Cases of sialolithiasis were defined as those in which
a stone was found either preoperatively or postoperatively.

Intervention

The intervention to be studied is interventional sialendos-
copy-based techniques, such as basket removal, as well as
combined.

Outcomes

Successful stone removal is the primary outcome studied
in the present study, thus studies that clearly described the
effectiveness of the intervention were included. The second-
ary outcome of the study is the safety of the methods, as an
expression of the complications presented, however, studies
that did not contain the relevant data were not excluded.

All eligible studies were included regardless of design
(retrospective and prospective), date, and language of pub-
lication. Cases in which the pathology was related to malig-
nant salivary gland diseases were excluded.

Information sources
We searched databases MEDLINE and PubMed Central

(through PubMed), ScienceDirect, Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) and citation indexes
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Scopus kot Google Scholar. To identify ongoing and unpub-
lished studies, we searched trial registers ClinicalTrials.
gov, WHO International Clinical Trials Registry Platform
(ICTRP), and EU Clinical Trials Register. Gray Matters and
OpenGrey (archived) databases were used for gray literature
searches, Open Access Theses and Dissertations (OATD),
Center for Research Libraries (CRL) and DART-Europe for
theses and dissertations, CENTRAL and Zetoc for confer-
ence proceedings, and PROSPERO and Epistemonikos for
systematic reviews. The last search was conducted on Sep-
tember 18, 2022.

Search strategy

Initially, we performed a draft search in PubMed with the
terms “pediatric sialolithiasis sialendoscopy”. We extracted
the final search terms from the titles and abstracts of the
resulting studies, and with the help of the PubMed Pub-
ReMiner tool. The full search strategy for the databases and
citation indexes can be found in Supplementary Table 1.

Finally, forwards and backwards citation searching was
performed on the references of the studies that met the inclu-
sion criteria, to identify additional studies. These references
were checked against those already identified, for the exist-
ence of any additional studies that were not identified by the
initial search strategy.

In addition, a peer review of the search strategy was con-
ducted, according to the guidelines of the PRESS checklist
(Peer Review of Electronic Search Strategy) [34].

Selection process

Initially, all entries identified during the search were entered
into the citation management software Endnote. With the
help of the software duplicate references were removed. The
titles and abstracts of the remaining studies were reviewed
by two researchers (AS and IK) in order to screen those
that were suitable for inclusion in the data synthesis. For
these studies, the full text was retrieved where possible and
reviewed in detail. After excluding studies that did not meet
the inclusion criteria, studies that were suitable for inclusion
were identified. Disagreements on exclusion or inclusion
were discussed and solved by consensus.

Data collection process

We designed a data extraction form taking into consideration
the TIDieR checklist (Template for Intervention Descrip-
tion and Replication) [35]. Two researchers (AS and IK)
extracted eligible data. Extracted data were compared and
differences were addressed and resolved.
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Data items

Data were sought primarily for the effectiveness and safety

of sialendoscopy in children, which were the main outcomes

of our study. Therefore, we recorded the cases of success, as

an indicator of the effectiveness of the method. For method

safety, data on complications in each study were pooled.
Additionally, we collected data regarding:

e the study: year of publication, authors, source of publica-
tion, design, sample size, country

e the patients: age, gender

e the condition: affected gland, symptoms, imaging, stone
size, coexistence of stenoses

e the intervention: type of anesthesia, surgical time, instru-
ments used, irrigation technique, stone removal tech-
nique, postoperative treatment

e the follow-up: duration, recurrences

Study risk of bias assessment

The study risk of bias in the studies was assessed using the
Cochrane tool for non-randomized studies ROBINS-I (Risk
Of Bias In Non-randomized Studies of Interventions) [36].
This tool assesses seven bias domains: confounding, selec-
tion of participants, classification of interventions, deviation
from intended intervention, missing data, measurement of
outcomes, and selection of the reported result. The response
options for each domain are low, moderate, severe, or critical
risk of bias. Two reviewers assessed the risk of bias in each
study independently. Discrepancies were solved by consen-
sus for each domain, and the overall risk of bias for each
study was derived. The Robvis tool was used to create the
corresponding graphs [37].

Synthesis methods

For the quantitative synthesis of the data, we decided to
include all the studies that were identified, except for the
case report [38], because case reports are likely to report
only successful treatment cases and thus carry a high risk
of publication bias, as well as their inclusion in a systematic
review is problematic in many areas.

For the effectiveness of the method, a meta-analysis
was performed by calculating the pooled proportion of
the weighted means of the success rates, using the Miller
method in a fixed effects model [39]. Additionally, we inves-
tigated heterogeneity and performed sensitivity analyses.

A meta-analysis was also performed on the safety of
sialendoscopy, using the same method. The safety rate was
calculated based on the cases in which there was no intra-
operative or immediate postoperative complication among
the total of sialendoscopy procedures performed. StatsDirect

software was used for the statistical analysis and visual pres-
entation of the data.

Reporting bias assessment

To estimate and minimize reporting bias, we also searched
information sources other than published studies. The
risk for unreported results in published studies (known
unknowns) was assessed. We also addressed the possibility
of missing studies from the synthesis (unknown unknowns)
using funnel plots and the Egger test [40].

Certainty assessment

Two researchers (AS and IK) independently assessed the
certainty of the evidence, using the GRADE considerations
(Grades of Recommendation, Assessment, Development and
Evaluation) [41-43]. The five areas assessed are risk of bias,
heterogeneity or inconsistency, indirectness, imprecision,
and publication bias. The certainty of evidence is ranked
as high/moderate/low/very low. Any disagreements were
solved by consensus and the results are listed in a “Sum-
mary of findings” table.

Results
Study selection

The search yielded 1620 entries. After removing duplicates
as well as problematic entries, 955 entries came up, which
were screened (title and abstract). After screening, 56 studies
were retrieved for full-text review. Finally, 14 studies were
included. We performed forwards and backwards citation
searching to identify additional studies. We identified 240
and 176 references respectively, however, no additional stud-
ies meeting the inclusion criteria were found.

The full text could not be retrieved in two studies. After a
full-text review, 42 studies were excluded. Six studies were
excluded because they did not report the ages of the partici-
pating patients. Five studies were excluded because full-text
review revealed that they did not include children. 27 studies
were excluded because, while they included children, they
did not examine outcomes separately between children and
adults. Two studies were excluded because while the title
referred to pediatric patients, they included patients older
than 18 years. One study did not include pediatric patients
with sialolithiasis, while another did not separately report
the results of sialendoscopy in cases of sialolithiasis. One
study was excluded from the quantitative data synthesis
because it was a case report. 13 studies were included in the
quantitative data synthesis. The excluded and included stud-
ies are cited in Supplementary Tables 2 and 3, respectively.
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The flow diagram is shown in Supplementary Fig. 1.
Study characteristics

The study characteristics studies in terms of the main
author, the year of publication, the country of conduct, the
period of the study, its design, the total number of affected
glands (instead of the total number of patients because
in some patients more than one gland was affected), the
age, and gender are listed in Table 1. In addition, success,

Table 1 Study characteristics

complications, follow-up time, and any recurrences are
presented in Table 2. Stone removal techniques, for studies
specifying them, are presented in Fig. 1. The most fre-
quently used was wire basket removal, followed by LASER
fragmentation and combined technique, and a few cases of
papillotomy (direct cut-down and removal after sialendos-
copy). The other study data collected include indications,
imaging, instruments used, irrigation fluid, stone removal
technique, sialendoscopy findings (specific gland, stone
size, stenoses), surgery duration, type of anesthesia, and

Author (year) Country Period Study design Total glands Age (years) M F
Velasquez (2021) USA 2012-2020 Retrospective 4 14.5 3 1
Kanerva (2020) Finland 2007-2018 Retrospective 17 11 (3-16)* 23%* 19%*
Nation (2019) USA 2010-2016 Retrospective 5 9.65%* 12% 17*
Jouan (2018) France 2007-2011 Retrospective 30 12 (3-17) 12 14
Capaccio (2017) Italy 19942015 - 8 9 (5-15)* 12* 13*
Su (2016) Taiwan 2013-2015 Retrospective 12 13.4 (9-17) 6 6
Ryba (2016) UK 2013-2015 Retrospective 8 - - -
Rosbe (2015) USA 2002-2014 Retrospective 12.4% 4% 6*
Hackett (2012) USA 2009-2011 Retrospective 6 6.5 (2-11) 3 1
Martins- Carvalho (2010) France 2003-2008 Retrospective 14 9 (2-17)* 10 4
Faure (2007) Switzerland, France 2003-2004 Prospective 6 7 (3-12)* 5% 3%
Ziegler (2004) Germany 1996-2001 Retrospective 2 12,17 1
Nabhlieli (2000) Israel 1993-1998 - 15 8 (5-14) 13 2
M male, F female
*Refers to all study patients and not only those with sialolithiasis
Table2 Outcomes
Author (year) Success  Complications Follow-up (months)  Recurrences
Velasquez (2021) 3/4 - 10,2 1
Kanerva (2020) 11/17 0 70 (6-132)* 0
Nation (2019) 5/5 0 12-72 0
Jouan (2018) 30/30 4 (1 duct avulsion after laser fragmentation, 48-96 0

1 postoperative stenosis,

2 duct perforations (spontaneous regression)

5 reported xerostomia
Capaccio (2017) 7/8 0 12 2 (1 stenosis, 1 residual stone)
Su (2016) 11/12 0 at least 1 2 (revision for ductal stenosis)
Ryba (2016) 8/8 1 (ranula) 4-20 0
Rosbe (2015) 6/6 0 29.5% 3
Hackett (2012) 4/6 1 (laser tip embedded in stone and broke off) 15 (2-31) 1
Martins- Carvalho (2010) 11/14 - at least 1 4(1P,39)
Faure (2007) 6/6 1 (6 mm stone, 3 procedures, ductal perforation 18 (12-30)* 0

and spontaneous expulsion through the cheek)

Ziegler (2004) 2 - 19 (4-49)* 0
Nabhlieli (2000) 15/15 0 6-36 0

P parotid, S submandibular gland

*Refers to all study patients and not only those with sialolithiasis
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Removal Technique

combined
21%

\papillotomy
5%

Fig. 1 Removal technique

postoperative management can be found in Supplementary
Tables 4-7.

Risk of bias in studies

To assess the risk of bias in the studies, we used the
Cochrane tool for non-randomized studies ROBINS-I (Risk

Fig.2 Pooled proportion of
effectiveness: 95.5% (95% CI

89.8-99.3%) I=50.1% Velasquez 2021

Of Bias In Non-randomized Studies of Interventions). One
study was judged to be at high risk of bias, one at moderate
risk, and the rest at low risk.

The “traffic light” plots showing the risk of bias assess-
ment for the individual studies, as well as the overall
risk of bias, are provided in Supplementary Figs. 2 and 3
respectively.

Results of individual studies

The results of the studies regarding the safety and effective-
ness of endoscopy are listed below as forest plots (Figs. 2
and 3).

Results of syntheses
Effectiveness

In the synthesis of the results, 13 studies were included that
described the effectiveness of sialendoscopy in sialolithiasis
in children. A total of 133 cases were included.

The effectiveness of endoscopy was 95.5% (95% CI
89.8-99.3%). The heterogeneity of the meta-analysis studies
was approached by the method of I? which was found equal
to 50.1%, indicating a moderate degree of heterogeneity.

The heterogeneity of the studies was then investigated.
First, the pooled percentage of the weighted mean success

Proportion meta-analysis plot [fixed effects]
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# 1,00 (0,16, 1,00)

411,00 (0,78, 1,00)

* 0,96 (0,90, 0,99)
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Fig. 3 Pooled proportion
of safety: 97.2% (95% C1

2 _
91*100%) F=0% Kanerva 2020

Proportion meta-analysis plot [fixed effects]

—31.00 (0.80, 1.00)

Nation 2019 1.00 (0.48, 1.00)
Jouan 2018 0.87 (0.69, 0.96)
Capaccio 2017 1.00 (0.63, 1.00)
Su 2016 1.00 (0.74, 1.00)
Ryba 2016 0.88 (0.47, 1.00)
Rosbe 2015 1.00 (0.54, 1.00)
Hackett 2012 0.83 (0.36, 1.00)
Martins-Carvalho 2010 0.79 (0.49, 0.95)
Faure 2007 0.83 (0.36, 1.00)
Nahlieli 2000 1.00 (0.78, 1.00)
combined 0.96 (0.90, 0.99)

0.4 0.5 0.6 0.7 0.8 0.9 1.0

rates was recalculated with the random effects model (Der-
Simonian—Laird). This was 94.4% (95% CI 84.8-99.8%).
The two percentages are close, a reassuring fact about the
effect of the heterogeneity of the studies on the final result.
In addition, a sensitivity analysis was performed. An
approach to the heterogeneity of studies was initially
attempted by excluding the Kanerva et al. study [44]. This
particular study had a higher failure rate than the others as
a rule but reported that the failures mostly occurred in the
first half of the study period, likely reflecting the surgeons'
learning curve. Indeed by excluding this particular study,
the heterogeneity was significantly reduced (*=28%, i.e.
probably not significant). Furthermore, the effectiveness of
the method was calculated at 98.2% (95% CI 93-100%).
An additional sensitivity analysis was performed includ-
ing only the studies that had a low risk of bias. The results
were 96.5% (95% C190.5-99.9), I>=52.8%, very similar to
the original analysis, indicating that the risk of bias does not
affect our results. The graphs resulting from the heteroge-
neity investigation and sensitivity analysis are listed in the
Supplementary Information (Supplementary Figs. 4 to 6).

Safety

In the synthesis of the results, 10 studies were included that
described the complications of sialendoscopy in sialolithi-
asis in children (a total of 113 cases). The safety of endos-
copy in children was 97.2% (95% CI 91.8-100%). The het-
erogeneity of the studies in the meta-analysis was probably
not significant (> =0%).

@ Springer

Additional data

From the collection of data for the present study, several
more interesting elements can be derived, in addition to
those concerning the main outcomes that were studied.
Detailed information can be found in Supplementary
Tables 4-7.

The youngest recorded age of a patient who underwent
sialendoscopy is two years. Boys are affected at a similar
rate as girls. The incidence of sialolithiasis is overwhelm-
ingly greater in the submandibular gland (87.5%) than in
the parotid gland (12.5%). The most common indications
for sialendoscopy were recurrent episodes of sialadenitis
and swelling of the salivary glands during meals, while
quite often the waiting time before the decision to oper-
ate was quite long. The most common imaging modali-
ties were CT and ultrasound, but without particularly high
diagnostic accuracy compared to endoscopy. Three out of
the four studies that reported using a CT were conducted
in the USA and one in France.

Operative time was reported in a few studies and the
mean duration recorded ranged from 32 to 125 min. In
the majority of cases, general anesthesia was preferred,
however, in the few cases where local anesthesia was
applied (only nine reported), no difficulty was reported
in performing the operation. The endoscopes used had
diameters from 0.8 to 2.3 mm, while the most commonly
used was the “all-in-one” with a diameter of 1.3 mm. Iso-
tonic saline was most often used for irrigation into the
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duct. Some surgeons also added anesthetic (most com-
monly xylocaine) and/or corticosteroids (most commonly
prednisolone).

A variety of techniques was used to remove salivary
stones, which were described to a different extent in each
study. In general, smaller stones were removed primarily
with a basket, microdrill, and grasping instruments. For
larger stones, lasers (holmium, thulium, and CO,) were used
for initial fragmentation, as well as combined techniques.
Stone size ranged from 1 to 18 mm, while LSD classifica-
tion was used in a few cases to describe ductal and glandular
pathology. Strictures were reported in 20 cases.

Painkillers, antibiotics (most commonly amoxicillin—
clavulanic acid), and corticosteroids (e.g. dexamethasone,
betamethasone) were used postoperatively. The most com-
monly observed complication was ductal perforation which
was reported in three cases. The need for a second operation
was rare and occurred due to the recurrence of symptoms
either due to stenosis (three cases) or residual stones (one
case) that were not detected at the first operation.

Risk of reporting bias in syntheses

The search in sources outside of published studies did not
retrieve additional studies.

The risk of unpublished results in published studies
(known unknowns) appears to be small. In all studies iden-
tified, the authors provided data on the effectiveness of the
method. In two studies [45, 46] there were no data on com-
plications, while in one [47] the complications of sialen-
doscopy were not reported separately for sialolithiasis.

However, the careful examination of the studies, as well
as the fact that the safety of sialendoscopy was not their
main outcome, do not raise suspicions about the possibil-
ity of risk of bias.

In addition, we attempted to estimate the risk of report-
ing bias due to studies that have been undertaken but not
reported (unknown unknowns). The corresponding fun-
nel plots are listed in Figs. 4 and 5. Using the Egger test,
a statistically significant probability of risk of reporting
bias is found in the meta-analysis concerning effective-
ness (p =0.0273 <0.05), while it is not found in the meta-
analysis concerning safety (p =0.1568 > 0.05).

However, caution is needed in the interpretation of
these findings. In terms of estimating funnel plots, effec-
tiveness is measured as a percentage, de facto limiting
the right-hand side of the graph to one and necessarily
creating asymmetry. However, the asymmetry is more pro-
nounced in the effectiveness graph. This, combined with
the results of the Egger test, raises suspicions of a risk
of reporting bias in the effectiveness meta-analysis. One
possible option is indeed that studies with small success
rates are not published, perhaps from clinics with limited
experience. This is reinforced by the fact that the Kanerva
et al. study, which had a small success rate, increased the
heterogeneity of the meta-analysis (as shown by the sen-
sitivity analysis), as well as the large learning curve of the
technique. Of course, this also applies to the safety results,
in which there is no statistically significant probability of
a reporting bias. This, combined with the inherent limita-
tions of the statistical approach, impose caution in risk
assessment, while it remains quite possible that the results
are due to chance.

Fig.4 Funnel plot for the 0,00 -
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Certainty of evidence

The certainty of evidence was assessed using the guidelines
of the GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) framework. Considering the
five assessment domains, it was judged to be moderate for
both outcomes. The results are also listed in the Summary
of Findings table (Table 3).

Discussion

Sialendoscopy is a new, minimally invasive method for
treating salivary gland diseases, which is constantly gaining
ground. The growing interest in the method and its applica-
tions is reflected in the ever-increasing number of related
studies published in recent years. The present systematic
review and meta-analysis is the first to study the effective-
ness and safety of sialendoscopy in sialolithiasis in pediat-
ric patients. The included studies come from many centers,

mainly in Europe and the USA, offering considerable diver-
sity in approaches and techniques.

Sialendoscopy appears to be a very effective and safe
method in the treatment of sialolithiasis in children, as was
shown by the meta-analysis carried out. This seems to be
supported by surgeons in published studies, however, with-
out clear documentation so far.

The use of minimally invasive techniques has the advan-
tage of preserving the gland and its functionality, while the
adjacent anatomical structures remain unaffected as well.
Additionally, it has the potential to significantly reduce the
need for hospitalization, offering a more tolerable experience
for the patient and simultaneously reducing the cost. Imple-
mentation of minimally invasive techniques for sialolithiasis
reduces the necessity of gland excision to less than 5% [48].
The above benefits are particularly useful in children, and
the initial use of sialendoscopy as a gland-preserving tech-
nique with diagnostic capabilities has been recommended
[49]. Our study shows effectiveness > 92%, which indicates
that sialendoscopy should be considered a first-line treat-
ment in children. However, as the number of specialized

Table 3 Summary of Findings
table

Effectiveness and Safety of sialendoscopy in children with sialolithiasis

Population: Children with sialolithiasis

Intervention: Sialendoscopy

Outcomes Results (%) 95% Confidence Number of cases Certainty of evidence
interval (studies)
Effectiveness 95.5 89.8-99.3% 133 (13) DPPO
Moderate
Safety 97.2 91.8-100% 113 (10) SEP0
Moderate
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centers is limited and the procedure in many countries is still
not reimbursed, this seems improbable for the time being.

The safety of sialendoscopy in children was also shown to
be particularly high in our study. None of the complications
reported were major (Table 2). However, there have been
some cases of airway obstruction when sialendoscopy was
performed bilaterally for reasons not limited to sialolithiasis
[47]. Even though no such events have been reported in the
studies included in our systematic review, the possibility
of airway emergencies cannot be ruled out, especially with
bilateral procedures, and the performing surgeon should
always remain vigilant.

General anesthesia seems to be the preferred option
for pediatric sialendoscopy. This is more likely due to the
smaller diameter of the child’s salivary ductal system as well
as the potential lack of cooperation. However, this increases
the cost of the procedure and possibly limits its use. Local
anesthesia can be used for interventional sialendoscopy in
children with good results without an increase in complica-
tion rates. However, children with sialolithiasis are not the
optimal group, and local anesthesia should be utilized as an
alternative option for children older than eight years old,
with small stones at a proximal location [29].

The use of sialendoscopy in children, despite its poten-
tial for improved cost-effectiveness when compared to other
methods, still induces a significant cost [45]. In several
countries, the cost of sialendoscopy is not reimbursed by
healthcare systems and insurance policies, thus limiting its
use. The results of our study, while not focusing on the finan-
cial aspects, indicate that the incorporation of this effec-
tive and safe method as a standard medical care practice by
healthcare systems should be considered.

Sialolithiasis is seldom seen in children and represents
only 3% of all sialolithiasis cases [25]. Pediatricians are most
likely to be the first to examine a child with salivary gland
swelling and pain, and sialolithiasis should be included in
the differential diagnosis despite being relatively rare [50].
Furthermore, pediatricians need to be aware of the indica-
tions, as well as the safety and effectiveness of sialendoscopy
in children, as was shown in our study. A multidisciplinary
approach to children with sialolithiasis should therefore be
encouraged.

There were some limitations to the studies included in
this review. The number of included studies was relatively
small because the method is relatively recent, the learning
curve long and its use limited. The majority of studies were
retrospective. In addition, many studies analyzed sialendos-
copy as a whole, without focusing on its application in sialo-
lithiasis and without analyzing pediatric patients separately.

Due to the nature of the specific condition and the spe-
cific intervention, it is difficult to conduct studies with the
elements of randomization, blinding, and control group.
This made it difficult to accurately apply the PRISMA

and Cochrane handbook guidelines to some aspects of the
study. The outcome of the meta-analysis was expressed as
a pooled percentage instead of more common effect meas-
ures such as ratio ratios. Estimating the risk of reporting
bias was difficult because of the above limitations, as well
as for the reasons mentioned in the corresponding section.

Conclusion
Implications for practice

The findings of the present study show that sialendoscopy
is a method with a high success rate and minimal compli-
cations for the treatment of sialolithiasis in children. It has
the prospect of greatly reducing gland removal surgeries
in cases of sialolithiasis, offering the advantage of treating
without creating a surgical wound, preserving the gland,
and avoiding possible complications of surgical resection.
Otolaryngologists and maxillofacial surgeons should be
trained in it and its use should be expanded and incorpo-
rated into otolaryngology and maxillofacial surgery clin-
ics, especially those dealing with salivary gland disease
in children.

Implications for future research

As more studies on the subject are published, existing
knowledge will be enriched. Success and safety rates will
be able to be more accurately determined, as well as knowl-
edge of the variations in techniques used and potential com-
plications. In this context, it would be important to publish
prospective studies, as well as studies from centers with lim-
ited experience, in order to reduce the risk of bias in future
meta-analyses. In addition, it is important to publish more
studies that analyze the data separately for pediatric patients
and for sialolithiasis.
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