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Nearly 3,000 Salivary Stones: Some Clinical and

Epidemiologic Aspects

Paolo E. Sigismund, MD; Johannes Zenk, MD; Michael Koch, MD; Mirco Schapher, MD;

Mihael Rudes, MD; Heinrich Iro, MD

Objectives/Hypothesis: To investigate epidemiological features and symptoms of sialolithiasis and their implications for
diagnosis and management.

Study Design: Retrospective cohort study.
Methods: Retrospective analysis on 2,322 patients with sialolithiasis, between 1987 and 2009. The statistical signifi-

cance between two sample distributions was computed using analysis of variance Student t test for two-tailed distribution.
Results: A total of 2,959 calculi were identified by means of ultrasound. Of those, 80.4% were located in the subman-

dibular duct system (53% hilar/proximal, 37% distal, 10% intraparenchymal) and 19.6% were parotid stones (83% in Sten-
sen’s duct, 17% intraparenchymal). Sialoliths had been discovered beforehand in the submandibular gland (P5 0.00024;
t test). Symptoms, measured from first visit, lasted on average 26 months (range: 1 day–30 years). The main group suffered
from swelling (50.3%), followed by painful swelling (41.6%) and pain (3.1%). Multiple stones were found in 16.9% of
patients (18.1% in the submandibular gland; 14.3% in the parotid). Average stone diameter in the submandibular gland was
8.3 mm (range 1–35 mm), and the stones were in Lustmann group II (46%). In the parotid gland, the average diameter was
6.4 mm (range 1–31 mm), and 51% were in Lustmann group I.

Conclusion: Nowadays, epidemiologic features and clinical manifestations of sialolithiasis play an important role, assist-
ing not only in diagnosis but also in determining appropriate treatment. Due to their location and smaller diameter, parotid
stones in some cases can only be treated using a mini-invasive endoscopic technique. Submandibular stones more often
require a combined approach.
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INTRODUCTION
Sialolithiasis is said to be the most common disor-

der of the major salivary glands. Postmortem studies
indicate that salivary stones are present in 1.2% of the
population.1 Furthermore, the recent literature esti-
mates their annual symptomatic incidence at 1 per
10,000–30,000 individuals.2,3

The submandibular glands (SMG) are by far the
most commonly affected glands (80%–90%), followed by
the parotid glands (PG) (5%–20%); stones are discovered
in the sublingual glands only rarely, and very rarely in
the minor salivary glands.4 The predominant prevalence
of stones in the SMG is well known and explained by
anatomic factors (the narrower opening of the main sali-
vary duct, its ascendant course and predominant length)

as well as by chemical factors (differing composition of
saliva).5

Recurrent swelling and pain at mealtimes are typi-
cal symptoms. In many cases, a careful bimanual palpa-
tion is able to detect the stone in the floor of the mouth,
to suggest a secretory stasis in the main duct as well as
cases of acute secondary bacterial infection. Nowadays,
high-frequency ultrasound examination (US) is an effec-
tive method of choice to confirm diagnosis6; oral applica-
tion of ascorbic acid improves US visualization of the
salivary gland duct in cases of obstruction.7 Sialendo-
scopy generally enables a definitive diagnosis by allow-
ing direct visualization of the duct.7 Conventional
radiography, standard and cone beam computed tomog-
raphy, and magnetic resonance sialography complete the
tools available for the detection of stones.8,9

The present retrospective study involved the collection
of more than 22 years of epidemiologic data on patients
treated for sialolithiasis. This is the most thorough investi-
gation conducted by a single medical center to describe the
main epidemiological features and typical symptoms of sial-
olithiasis leading to appropriate treatment.

MATERIALS AND METHODS
Data was systematically collected from all patients inter-

viewed for sialolithiasis of the major salivary glands at the
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Friedrich-Alexander University of Erlangen-Nuremberg, Erlan-
gen, Germany, between January 1987 and June 2009. A retro-
spective analysis was performed on 2,322 patients in order to
investigate the main epidemiological features (gender, age of
presentation, duration of symptoms, location, number and size
of stones) and the typical symptoms of sialolithiasis. Diagnosis
was based on clinical presentation, bimanual palpation, and
ultrasound. In some cases, small sialoliths (less than 3 mm)
were confirmed by sialendocopy. No further diagnostic tools
were utilized. The patients were classified into four different
groups depending on their symptoms (group 1: painful swelling;
group 2: swelling; group 3: pain; group 4: no symptoms; stone
discovered incidentally). All images were obtained using a
state-of-the-art ultrasound system from Siemens (Siemens Med-
ical Solutions Malvern, USA, Inc.). The different systems used
over the years were regularly supplied with a VF10-5 linear
scanner (Siemens Medical Solutions USA, Inc.). Based on the

US results, the stones were classified by their location in the
SMG ductal system as intraparenchymal, hilar/proximal, and
distal (2/3 distal duct); and in the PG as ductal and intraparen-
chymal. The stones were further classified by maximum diame-
ter as per Lustmann et al.4 (group I: 1–5 mm; group II: 6–
10 mm; group III: 11–15 mm; group IV: mm:>15 mm).

The statistical significance between two sample distribu-
tions was computed using analysis of variance Student t test for
two-tailed distribution, which determines whether two samples
are likely to have come from the same two underlying popula-
tions that have the same mean.

RESULTS
From the 1st January 1987 to the 30th June 2009,

2,322 patients were interviewed in our department for
sialolithiasis of the major salivary glands; 2,959 stones
were identified; and 2,205 patients were treated. Demo-
graphic details relating to the SMG and the PG sepa-
rately and together are shown in Table I. Data giving
the side of the body affected was available in 71% of the
stones; 54.8% were located on the left. No significant dif-
ference in age at onset of symptoms was observed
between male and female patients (46 years; 46 years
and 4 months). However, diagnosis of sialolithiasis was
made significantly earlier in patients with SMG stones if
related to the ones with PG stones: 42 years and 6
months and 51 years, respectively (P 5 0.00024; t test)
(Fig. 1). Fifty patients (2.2%) were children (age< 15), of
whom 32 were male (64%). The youngest patient was a

TABLE I.
Demographic Details, Including Number of Stones, Number of Patients, Gender, Location, Age at First ENT Evaluation and Size of Stones.

Total Submandibular Gland Parotid Gland

Number of Calculi 2,959 2,378 (80.4%) 581 (19.6%)

Number of Patients 2,322 1,838 (79.2%) 484 (20.8%)

Children 50 (2.2%) 46 (2.5%) 4 (0.8%)

Male 1,232 (53.1%) 977 (53.3%) 255 (52.7%)

Average Age 46.1 years (3–91) 42.5 years (6–91) 51 years (3–89)

Size 6.9 mm (0.1–35) 8.3 mm (0.1–35) 6.4 mm (0.1–31)

Fig. 1. A. Number of cases of sialolithiasis by age at first evalua-
tion by gender and gland. B. Number of cases of sialolithiasis by
age at first evaluation by gland.
PG 5 parotid gland; SMG 5 submandibular gland.

Fig. 2. Clinical presentation of sialolithiasis in this study.
Total 5 PG 1 SMG.
PG 5 parotid gland; SMG 5 submandibular gland.
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3-year-old boy with a PG stone. The oldest patient was a
91-year-old woman with a SMG stone.

Symptoms, measured from the first visit, generally
lasted 26 months (range 1 day–30 years). The main
group of patients (group 2) suffered from salivary gland
swelling (50.3%); patients with painful swelling (group
1) were 41.6%, and local pain as an isolated symptom
was present in only 3.1% of the patients (group 3). A
stone was incidentally discovered in 61 cases (2.6%) fol-
lowing ultrasound evaluation for other reasons (group

4). In 54 cases (2.3%), it was not possible to determine
from the files to which group the patients should be
assigned (group 5) (Fig. 2).

A total of 2,959 stones (80.4% in the SMG) were iden-
tified by means of US. A total of 83.1% of the patients
revealed a single stone; 81.9% of SMG cases and 86.6% of
PG cases involved a single stone. Multiple stones were dis-
covered in the remaining 16.9% of cases (Fig. 3).

The majority of SMG stones were located at the
hilum or in the proximal duct system (53%); 37% of
stones were located within the 2/3 distal duct system;
whereas only 10% were located in the intraparenchymal
duct system. The distal Stensen’s duct was the primary
location for PG stones (83%), only 17% being located in
the intraparenchymal duct system (Fig. 4). Mean stone
size, evaluated as the predominant mean size measured
by means of US, was 7.9 mm (range 1–35 mm). The
diameter in the SMG was 8.3 mm (range 1–35 mm) and
in the PG was 6.4 mm (range 1–31 mm). A total of 1,367
calculi in the SMG and 363 in the PG were classified, as
per Lustmann et al.4 With regard to the SMG, 46% of
stones were in group II, 30% were in group I, 17% were
in group III, and 6% were in group IV. In the PG, 51%
were in group I, 40% were in group II, 8% were in group
III, and 1% were in group IV (Fig. 5).

DISCUSSION
In the past, sialolithiasis was thought to affect

mostly males1; more recently, distribution has been
described as equal.4 In this study, there was no statisti-
cal difference with respect to gender. Equal distribution
between the side of the body affected was also observed
and previously reported.10 This finding is partly
explained by the high level of right–left symmetry
described in linear morphometric parameters in the
SMG.11

Stone distribution within the salivary gland system
differs between the PG and the SMG. With regard to our
data, the majority of SMG stones were located in the
hilum or in the proximal duct system (53%); 37% were
located within the 2/3 distal duct system; and only 10%

Fig. 3. Percentage of patients with single and multiple stones by
location (SMG; PG).
PG 5 parotid gland; SMG 5 submandibular gland.

Fig. 4. A. Location of stones in the submandibular duct system.
B. Location of stones in the parotid duct system.
SMG 5 submandibular gland. PG 5 parotid gland.

Fig. 5. Classification of stones by maximum diameter, as per Lust-
mann et al.4.
Group I 5 1–5 mm; Group II 5 6–10 mm; Group III 5 11–15 mm;
Group IV 5 mm>15 mm.
PG 5 parotid gland; SMG 5 submandibular gland.
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were located in the intraparenchymal duct system. In
the PG, however, the main duct was the primary loca-
tion (83%). Previous studies also described predominant
stone distribution in the glands in these two areas, 57%
being in the hilum of the SMG and 63% in the distal
duct system of the PG; 13% of stones are then consid-
ered to be located in the hilum of the parotid gland.12

In total, multiple stones were discovered in 16.9%
of patients. A total of 18.1% were in the SMG and 13.4%
in the PG. A slight prevalence of multiple stones in the
SMG has already been reported, although our data
slightly exceeds that given in the literature.1,12

Fifty patients were children under 15 years of age
(2,2%). According to the literature, about 3% of all sialo-
lithiasis cases are reported in children.13

Escudier et al.3 described a peak incidence of symp-
tomatic salivary stone between 25 and 50 years of age.
Lustmann et al.4 reported a high incidence in the third
to sixth decades. Age of onset in middle age is confirmed
here, and no difference was observed between males and
females. Interestingly, PG stones were discovered on
average later compared to SMG stones (P< 0,0024); inci-
dence of SMG stones peaked between 25 and 55 years of
age, and that of PG stones between 40 and 65 years of
age. In contrast, McGurk et al.14 described, in a series of
455 patients, an average of 45 years for SMG calculi and
48 years for PG calculi.

The symptoms, measured from first visit, lasted
approximately 26 months (range 1 day–30 years). McGurk
et al.,14 however, reported symptom duration lasting as
long as 64 months for SMG stones, and 58 months for PG
stones, before patients decided to contact their doctor.

In previous studies, swelling is given as the most
common symptom, followed by pain. The results of this
study are consistent with these clinical findings. Further-
more, because ductal obstruction causes the symptoms,
and considering the slow rate of stone growth, as postu-
lated by McGurk et al.15 (1 mm/year), it is not surprising
that some stones were only discovered incidentally.

Stone size in the SMG was generally greater. Most
SMG stones (46%) were in group II, as per Lustmann
et al. (5–10 mm). Most PG stones (51%), on the other
hand, were in group I, as per Lustmann et al. (1–
5 mm).4 The relatively greater size of the SMG duct, as
apparent from prior histological examination, might par-
tially explain this difference.16

The differing size of the calculi, as well as their
location in the SMG and in the PG duct systems, is sur-
gically significant. This emerged from data already pub-
lished by Zenk et al.17 for a period between 2003 and
2008, and the use of sialoendoscopy as a diagnostic and
therapeutic tool in the management of sialolithiasis. As
was published, some of the parotid stones (22%) could
only be removed using an endoscopic procedure. In this
regard, the relatively small size and distal location of
some of the stones in the duct were important factors.
On the other hand, only 5% of SMG stones were treated
by means of endoscopy alone. In fact, in most cases a

combined transoral approach was required (92%). This is
more easily understood when it is considered that most
of the submandibular stones in our study were classified
as being in group II, as per Lustmann et al., and located
mainly in the hilum region.4

CONCLUSION
Nowadays, epidemiologic features and clinical man-

ifestations of sialolithiasis play an important role, assist-
ing not only in diagnosis but also in determining
appropriate treatment. In fact, the modern concept of
therapy based on minimally invasive surgery proposes a
wide number of conservative solutions that, based on
data in recent literature, have to be fully considered in
determining appropriate treatment of sialolithiasis. Due
to their location and smaller diameter, some cases of
parotid stones can only be treated using a surgical endo-
scopic technique. Submandibular stones more often
require a combined approach.

Acknowledgments
Paolo E. Sigismund, MD, and Johannes Zenk, MD, contrib-
uted equally to the drawing up of this article.

BIBLIOGRAPHY

1. Rauch S, Gorlin RJ. Disease of the salivary glands. In: Gorlin RJ, Gold-
mann HM, eds. Oral Pathology. St Louis, MO: Mosby; 1970: 997–1003.

2. Marchal F, Dulguerov P. Sialolithiasis management: the state of the art.
Arch Otolaryngol Head Neck Surg 2003;129:951–956.

3. Escudier MP, McGurk M. Symptomatic sialoadenitis and sialolithiasis in
the English population, an estimate of the cost of hospital treatment. Br
Dent J 1999;8;186:463–466.

4. Lustmann J, Regev E, Melamed Y. Sialolithiasis. A survey on 245 patients
and a review of the literature. Int J Oral Maxillofac Surg 1990;19:135–138.

5. Cho W, Lim D, Park H. Transoral sonographic diagnosis of submandibular
duct calculi. J Clin Ultrasound 2014;42:125–128.

6. Zenk J, Constantinidis J, Kydles S, Hornung J, Iro H. [Clinical and diagnos-
tic findings of sialolithiasis]. [Article in German]. HNO 1999;47:963–969.

7. Bozzato A, Hertel V, Bumm K, Iro H, Zenk J. Salivary simulation with
ascorbic acid enhances sonographic diagnosis of obstructive sialoadeni-
tis. J Clin Ultrasound 2009;37:329–332.

8. Capaccio P, Torretta S, Ottaviani F, Sambataro G, Pignataro L. Modern
management of obstructive salivary diseases. Acta Otorhinolaryngol Ital
2007;27:161–172.

9. Schwarz D, Kabbasch C, Scheer M, Mikolajczak S, Beutner D, Luers JC.
Comparative analysis of sialendoscopy, sonography, and CBCT in the
detection of sialolithiasis. Laryngoscope 2014. doi: 10.1002/lary.24966.
Epub ahead of print.

10. Iro H, Zenk J, Escudier MP, et al. Outcome of minimally invasive manage-
ment of salivary calculi in 4,691 patients. Laryngoscope 2009;119:263–268.

11. Stimec B, Nikolic S, Rakocevic Z, Bulajic M. Symmetry of the submandibu-
lar glands in humans—a postmortem study assessing the linear morpho-
metric parameters. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2006;102:391–394.

12. Nahlieli O, Iro H, McGurk M, Zenk J. Modern Management Preserving
Salivary Gland. Herzeliya, IL: Isradon Publishing; 2007.

13. Nahlieli O, Eliav E, Hasson O, Zagury A, Baruchin AM. Pediatric sialolithia-
sis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;90:709–712.

14. McGurk M, Escudier MP, Brown JE. Modern management of salivary cal-
culi. Br J Surg 2005;92:107–112.

15. Deburgh Norman JE, McGurk M. Salivar calculi and obstructive sialoade-
nitis. In: Deburgh Norman JE, McGurk M, eds. Color Atlas and Text-
book of the Salivary Glands: Diseases, Disorders and Surgery. London,
UK: Mosby-Wolfe; 1995: 250.

16. Zenk J, Hosemann WG, Iro H. Diameters of the main excretory ducts of
the adult human submandibular and parotid gland: a histologic study.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:576–80.

17. Zenk J, Koch M, Klintworth N et al. Sialendoscopy in the diagnosis and
treatment of sialolithiasis: a study on more than 1000 patients. Otolar-
yngol Head Neck Surg 2012;147:858–63.

                                                                    

1882

info:doi/10.1002/lary.24966

