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ABSTRACT

Introduction

Lithiasis is the formation of stones within an organ, which
can occur in multiple organs. Several studies have reported
the possible concurrent occurrence of uroliths and sialoliths,
possibly associated with shared comorbidities.

Aims and Objectives

This systematic review was conducted to review published
research and identify the concurrent presence of uroliths
and sialoliths. The review will describe diagnostic modalities,
management, and prevention and suggest future research
and clinical recommendations.

Design and Methods

The following electronic databases were searched: PubMed,
Scopus, Embase, Web of Science, and Google Scholar,
using the Medical Subject Headings (Mesh terms), related to
the primary disease processes relevant to the review.

Results
The database search yielded 1229 research papers. The
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articles were screened for duplicates, and unrelated studies
were removed. The remaining four articles were reviewed by
independent researchers and included in this review. Two
of the four studies included in the review were case-control
studies, and two were retrospective studies.

Conclusions

We found no evidence of a link between sialoliths and
uroliths. However, the published literature’s inconsistency
posed a limitation.

INTRODUCTION

Lithiasis is the formation of stones composed of organic
and inorganic material within an organ and can occur
in multiple organs. Stones predominantly manifest in
organs such as the kidney (nephrolith), bladder (cystolith),
gallbladder (cholelith), bile duct (choledocholith), and
salivary glands (sialolith) and typically result in obstructive
or inflammatory effects within these organs if not surgically
removed."” According to conservative estimates, the
incidence of lithiasis has been reported to reach 23 750
cases per 100,000 individuals in the United States alone,
accounting for a burden of approximately $270 billion on
their healthcare system.’

Sialoliths refer specifically to calculi formed within the salivary
glands, with most cases (approximately 80 — 85%) affecting
the submandibular gland.2 Recent studies have estimated
the incidence of sialoliths to be between 1:15 000 to 1:30
000 persons or 2.9-5.5 cases per 100 000, with most cases
seen in people between the ages of 30 to 50.>° Patients
suffering from sialoliths may present with pain and swelling
of the affected gland and, without surgical intervention, may
experience complications such as sialadenitis.®

Deemed as one of the most common urologic diseases,
urolithiasis is reported to affect up to 15% of people globally,
with incidence increasing annually.* In 2019, the Global
Burden of Disease study reported a record of 115 million
incident cases over 204 countries and 21 regions across the
globe, with Southern Sub-Saharan Africa recording 546 100
cases. Of these global cases, 13 278° mortalities occurred,
these figures demonstrate a 7% increase in just under two
decades.® Worldwide, the incidence is higher in males than
females and higher between the age groups of 50 and 60
years.®

Several studies have reported the possible concurrent
occurrence of uroliths and sialoliths,® possibly because of
shared comorbidities.* In a study done by Hemminki et al.*
a link between sialolithiasis, urolithiasis and cholelithiasis
was assessed. An assessment of familial and spouse risks
between the three and comparing familial risks for concordant
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stone diseases were done. The familial risks between stone
diseases were low but higher than those between spouses.
Familial risks between stone diseases were also modest
and they were not significant between sialolithiasis and
urolithiasis, for which the stone composition is similar.

The data showed that familial clustering is unique to each
stone disease, which implied distinct disease mechanisms.
The data also showed higher familial risks for concordant
stone formation than between spouses. These results
questioned the reported excessive comorbidities between
the three stone formations.*

The composition of sialoliths has been extensively researched
in an attempt to identify aetiological factors and correlations
with other diseases related to stone formation.” However,
correlation with other diseases related to stone formation
was hard to establish.2 Most of the studies also emphasised
the biochemical composition of sialoliths instead of the
disease processes that may predispose to stone formation.
Nonetheless, salivary stones are often found in the
submandibular duct (72-95%), and of these, 57% and 34%
are found in the hilum and distal duct, respectively.® Sialoliths
are seen less frequently in the parotid duct (4-28%), and of
these, 23% are found in the parenchyma, while 13% and
64% are found in the hilum and distal duct, respectively.®
Contrasting from yellow to a yellow-brown colour, sialoliths
consist of an amorphous mineralised core that is surrounded
by concentric, laminated layers of organic or inorganic
material identified through a scanning electron microscope.'°
A study by Kraaij'" et al. showed that carbonate apatite
was identified in 99% of sialoliths, while phosphate in 88%,
calcium in 87%, magnesium in 68%, struvite in 44%, oxalate
in 38% and carbonate in 35% as identified by wet chemical
analysis. Other studies show an ultrastructural composition
of mainly hydroxyapatite (Ca5(P0O4)30H), along with other
trace minerals such as magnesium, sodium and chloride.”
Furthermore, sialoliths have an average weight of 300 mg,
with the larger stones found more within the submandibular
gland.’? More than half of the stones have a diameter
between 2.1 mm and 10 mm, 88% being less than 10mm,
whereas 7.6% of the stones are larger than 15 mm, with
stones less than 5 mm being impalpable.'®'* Giant sialoliths
are considered to be more than 15 mm in any dimension or
weigh more than 1 gram, which is rare.'® The weights of the
stones correlate significantly with age, demonstrating a direct
proportion with increasing age.

Uroliths is the most common form of stony concretions in the
body; and is considered a chronic systemic condition which
may recur within 5 to 10 years from the initial diagnosis within
more than 50% of patients.”™ Therefore, it is necessary to
understand the etiopathogenesis that results in the formation
of these stones. Various factors such as lifestyle, obesity,
dietary habits, and dehydration have been implicated in the
development of renal calculi and hormonal changes, genetic
conditions, and anatomical variations may influence their
pathogenesis.'® Nephroliths consist primarily of calcium
oxalate, calcium phosphate and struvite, with calcium and
phosphorus elements predominating.

Because of the possible correlation between urolithiasis
and sialolithiasis, this systematic review was conducted
to critically appraise published research and identify the
concurrent presence of uroliths and sialoliths.
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MATERIALS AND METHODS SEARCH
STRATEGY

After PROSPERQO registration was completed, the following
electronic databases were searched: PubMed, Scopus,
Embase, Web of Science and Google Scholar, utilising a
search strategy developed with the Medical Subject Headings
(Mesh terms) from PubMed related to the main disease
processes relevant to the review. With regards to urolithiasis,
the terms used included “Urolithiasis”, “Nephrolithiasis”,
“Kidney Calculi”, “Ureterolithiasis”, “Ureteral Calculi”, “Urinary
Calculi”. With regards to sialolithiasis, the terms used included
“Sialolithiasis”, “Salivary Gland Calculi”, “Salivary Calculi”,
and “Salivary Duct Calculi”. A term/s related to urolithiasis
and a term/s related to sialolithiasis were combined using
and/or to refine the search.

The inclusion criteria for the reviewed studies required full text
publications in English, related only to the human species,
and provided exposure to health conditions of both uroliths
and sialoliths. Studies were pooled and screened, eventually
narrowing the number of eligible studies to four papers that
reached full-text review.

The Critical Appraisal Skills Programme (2018) Oxford
Checklist was used to determine the quality of the studies
appraised.

RESULTS

The database search vyielded 1229 research papers.
The articles were screened, and 48 duplicates and 1172
unrelated studies were removed. The remaining four articles
were reviewed by independent researchers and included in
this review. (Table 1) Two of the four studies included in the
review were case-control studies, and the remaining two
were retrospective studies.*®1"8 All the included studies
were published in English within the last 10 years.

Atotal of 195 969 participants were included in the systematic
review. The number of participants in the reviewed articles
varied in size, the smallest being 208 and the largest 920
188 participants.*'” Relevant studies were conducted in
Sweden (920 188), Taiwan (966), South Korea (24038) and
the Netherlands (208). Three studies recorded the sex of the
patients, with Hemminki4 et al. being the only study without
the definitive number of each sex. Participants of all ages
were included, with the average age being 45 to 50 years
old. However, Choi'® et al. excluded participants under the
age of 18. (Table 2)

DISCUSSION

Urolithiasis has been extensively researched, and several
correlations have been drawn between stone formation,
systemic disease and genetic predisposition. In comparison,
there is little to no research on the contributing factors
to sialolithiasis. Sialoliths and uroliths have a similar
composition. By investigating a possible correlation between
uroliths and sialoliths, our better understanding of uroliths
may be extrapolated to sialolith development and associated
risk factors. Our systematic review aimed to identify the
concurrent presence of uroliths and sialoliths to describe
diagnostic modalities, management, and prevention
and to make subsequent research and future clinical
recommendations. Analysis of the available literature found
no correlation between sialolithiasis and urolithiasis.
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Table 2
Author Study Type (e [\Vi{e [VE=1E
Retrospective ~ South Korea 24038
Choi et al. Cohort
Hemminki et al. Retrospective ~ Sweden Population
Cohort based. Familial
risk of stone
development
920 188
Kraaij et al. Case control Netherlands 208
Wu et al. Case control Taiwan 966

A study conducted by Choi® et al. stated that the
cause of nephroliths determines the composition of
the stone. Calcium-containing stones are caused by
hyperuricosuria,’® while uric acid and cystinuria are
the most prevalent causes of non-calcium containing
stones. Whereas causes of sialoliths range from
lifestyle factors such as tobacco smoking to salivary
duct trauma and chronic infection of the oral cavity.?°
Another critical difference is that sialoliths are more likely
to be caused by local factors such as the salivary gland

Male and No age Nephrolithiasis No evidence
Female specified Sialolithesis

Male and 0-83 Sialolithiasis High familial risk
female Urolithhiasis

Mean 50.4 Cholelithiasis

Male and 8-87 Sialolithiasis No relation
female

Mean 46.8
Male and Mean 45.3 Sialolithiasis Evidence of
female Nephrolithiasis concurrence

ductal system or the content of saliva, in comparison to
nephrolithiasis, which is said to be more likely as a result of
systemic disease or medication.

Koch?! et al. provided a theory that decreased salivary flow
and chronic obstructive sialadenitis are the leading causes
of sialolith formation; however, unlike in nephrolithiasis,
no study has found a direct correlation between systemic
factors such as calcium metabolism contributing to salivary
gland calculi.??
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Kraaij'” et al.(2015) found no relationship between salivary
stone formation and most systemic diseases. The study
showed that the prevalence of nephrolithiasis in the patient
group did not differ from that in the control group, suggesting
that the risk factors for developing a sialolith and urolith were
unrelated. The data also indicated that systemic diseases
and the use of medication did not play a prominent role in the
development of sialoliths, which suggests that local factors,
such as anatomic variations of the salivary ducts, altered
biochemical composition of saliva, or both are probably more
critical factors in the development of salivary stones.'”

Three of the four papers included in this review showed
no association between urolithiasis and sialolithiasis.
However, W8, et al. found a significant association between
sialolithiasis and urolithiasis in the Taiwanese population.
Reasons for this association may include ethnic differences
and surveillance bias. There is well known variation among
ethnic groups regarding the prevalence of urolithiasis, with
diet and lifestyle, as well as genetic factors playing a role in
predisposition to calculi formation.?® In addition, there is a risk
of surveillance bias. The patient is already closely monitored
within the healthcare system due to their primary disease;
consequently, detecting other conditions is more likely. In this
case, sialolithiasis is commonly an asymptomatic condition;
most people may go undetected if not for regular visits to
healthcare facilities and routine checks. Consequently,
detecting sialolithiasis in these patients may have been
incidental rather than an association. This is supported by
the findings of Choi18 et al.(2018), in which the number
of participants diagnosed with sialolithiasis in the control
group (0.1%, 92/96,152, P = 0.447) was larger than the
experimental group who had a history of urolithiasis (0.08%
(19/ 24 038).

The sparse amount of literature pertaining to the link between
sialolithiasis and nephrolithiasis contributes to the study’s
strengths. Though few studies support a lack of correlation,
the large sample sizes can be seen as reliable. There is a
great amount of literature on sialolithiasis and nephrolithiasis
as individual entities. However, limited research is found
when looking at the two in a combined matter. Therefore, the
biggest limitation is that there were only an estimated four
papers that could be analysed for the study.

Additionally, inconsistency in the studies analysed posed an
additional limitation. These limitations show the importance of
this study being conducted, as it will serve a bridge between
the lack of literature available. Thus, to confidently determine
a correlation and not a coincidence between sialolithiasis
and nephrolithiasis, more literature should focus on the link
between the two and not only on the individual aspects.

CONCLUSION

We found there to be no evidence between sialoliths and
uroliths. Stones most commonly manifest in organs such as
the kidney (urolithiasis) and salivary glands (sialolithiasis), thus
supporting evidence of coincidence rather than correlation.
The aetiology of sialoliths is found to be multifactorial.
However, similarities with the hyperoxaluria that forms kidney
stones have been suggested, but research remains sparse. It
is for this reason that further investigations into the common
aetiology could change the way in which lithiasis is identified,
treated and prevented.
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