
IN TRO DUC TION
Sia lo lithia sis is the most com mon cause of sali vary

glands ob struc tion. It is di ag nosed in 1 out of 15-30 thou -
sand peo ple [6]. This pro cess usu ally oc curs in the
pa ren chyma or sali vary duct of sub man dibu lar gland (60
to 85% of cases). Sali vary stones lo cal ized in the pa rotid
glands (6 to 40% of the ana lyzed cases) and sub lin gual
(about 2% of cases) are less com mon [4,5]. Sali vary cal -
cu lo sis oc curs more fre quently in males, mostly in the 4-6
dec ade of life. Sia lo lithia sis is rarely found in chil dren.
The dis ease is caused by the depo si tion of salts in the form 
of sali vary stones (sia lo liths). De pend ing on the di ame ter
of the stone, cal cu lus may cause im pedi ment or com plete
ob struc tion of the duct which leads to the re duc tion of out -
flow of glan du lar se cre tion. Con se quently, this leads to
swel ling of the gland, par ticu larly in ten sifying dur ing
chew ing, and fol low ing in flam ma tions. By the end of the
twen ti eth cen tury sia lo lithia sis was one of the most com -
mon in di ca tions for sia loade nec tomy. The dy namic
de vel op ment of medi cal tech nolo gies has en abled the in -
tro duc tion of new di ag nos tic and thera peu tic meth ods to
the treat ment of sali vary stones. En do scopic, la ser or ul -

tra sound tech niques sig nifi cantly in creased the thera peu -
tic op tions and se verely re duced the clas sic in di ca tions for 
sur gery in the treat ment of sia lo lithia sis. The use of tech -
no logi cal achieve ments in the treat ment of sali vary stones 
al lows per form ing sur ger ies in a safe and mini mally in va -
sive man ner.

ETHIO PATHO GENE SIS OF SALI VARY
CAL CULI

Sali vary stones can be oval or ir regu lar in shape. Cal -
culi size var ies from 2 to over 20 mm [8]. Stones are
com posed of the or ganic and in or ganic com po nents [7].
Or ganic com pounds are mainly formed of mu co poly sac -
cha rides, gly co pro teins and cell de bris. In or ganic part
con sists mainly of cal cium car bon ate and phos phate
form ing mi croa pa thytes. Other ele ments such as mag ne -
sium, po tas sium, iron or cop per are rarely found in
sali vary stones. Stud ies have shown a slightly dif fer ent
com po si tion of the sali vary stones in the pa rotid and sub -
man dibu lar gland. Cal culi form ing in the pa rotid gland are 
com posed in 51% of the or ganic and in 49% in or ganic
sub stances. The in verse ra tio is de tected in sub man dibu lar 
sia lo lithia sis - 82% min er als and 18% of the or ganic com -
po nents [13]. Dif fer ences in the in ci dence of sali vary
stones in par ticu lar sali vary glands re sult from dif fer ences 
in the com po si tion of the sali vary se cre tion. Sub man dibu -
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lar gland sa liva con tains more car bon ates, phos phates,
mucins, and is the most al ka line. These fac tors greatly fa -
vor the for ma tion of stones. The or ganic ma te rial lo cates
in the core of the cal culi, min er als pre domi nate in the pe -
riph eral part. This is due to the pro cess of the sali vary
stones for ma tion. Ac cu mu la tion of or ganic ma te rial re -
sults in a par tial stag na tion of sa liva, which leads to
change in the con sis tency of sa liva. Se cre tion of sali vary
glands be comes thicker. Thick ened sa liva cre ates fa vor -
able con di tions for the depo si tion of min eral salts in the
or ganic core. Sub se quent lay ers of cal cu lus are loosely in -
ter con nected. These lay ers may have la mel lar or globu lar
struc ture. La mel lae are com posed mainly of hy droxya pa -
tites crys tals, while the spheri cal struc tures are formed
with non or ganic and or ganic parts. The or ganic part con -
sists es sen tially of sali vary pro teins, de na tured col la gen
and kera tin. The study by Washio and as so ci ates dem on -
strated a high level of sul fur com pounds in the or ganic
part of the plaque, which proved the in flu ence of bac te ria
on the for ma tion of sia lo lith [14]. Stud ies em ploy ing tech -
nique of nu cleic acid re pro duc tion chains re vealed that the 
sali vary stones con tain frag ments of bac te rial DNA from
the Strep to coc cus fam ily [12]. Un til now no con nec tion
has been de tected be tween the type of diet, wa ter hard ness 
or dis or ders of cal cium me tabo lism and the pres ence of
sali vary stones. Only sys temic dis ease which sig nifi cantly 
in creases the risk of sia lo lithia sis is gout. Sia lo liths in pa -
tients with this dis ease are mainly com posed of uric ac ids
[12]. Stud ies have also shown a posi tive cor re la tion be -
tween smok ing and in creased in ci dence of sali vary cal culi 
[9].

DI AG NO SIS OF SALI VARY STONES
Re cur rent swel ling and ten der ness in the area of sub -

man dibu lar or pa rotid gland, in ten si fy ing dur ing meals,
these are the symp toms which should bring the sus pi cion
of sali vary stones. Sia lo liths in very few cases oc cur in
more than one gland, that is why sia lo lithia sis usu ally
does not load to xe ros to mia. Stan dard ra dio graphs (oc clu -
sal/pano ramic im age) are of ten used but do not al ways
al low to set cor rect di ag no sis. Note wor thy is the fact, that
about 40% of the stones lo cated in the pa rotid gland and
20% of sub man dibu lar stones are transs misive to ra dia -
tion and do not give a shadow on the X- ray im age [4]. For
this rea son, stan dard ra dio graphs should be used only if
there is no pos si bil ity of us ing other di ag nos tic meth ods.
Once con sid ered as the “gold di ag nos tic stan dard”, sia lo -
gra phy also loses its im por tance. De spite the sig nifi cant
ad van tages such as: the abil ity to de ter mine the ex act lo -
ca tion of the stone and the struc ture of ducts, this method
car ries a sig nifi cant risk of many com pli ca tions. Ad min is -
tered con trast can lead to per fo ra tion of the duct, bac te rial
in fec tion of the gland or ana phy lac tic re ac tions in pa tients

who are al ler gic to io dine com pounds. In ad di tion, the di -
ag nos tic pro ce dure in volves the ex po sure of the pa tient to
a re la tively high dose of ra dia tion and the pain as so ci ated
with in jec tion of con trast to the sali vary duct. Popu lar and
non- invasive di ag nos tic method used in the pro cess of
iden ti fi ca tion of sali vary stones is ultra sonogra phy (USG) 
but ul tra sonogra phy also has limi ta tions. Re search con -
ducted by Jäger and as so ci ates, com pared the di ag nos tic
use ful ness of sia lo gra phy us ing mag netic reso nance im -
ag ing, com puter sia lo gra phy and USG showed that the
sen si tiv ity and speci fic ity of ul tra sonogra phy is ap proxi -
mately on the 80% level [4]. It should also be noted that an 
im por tant fac tor in de ter min ing the ef fec tive ness of ul tra -
sound ex ami na tion is the hu man fac tor, which is why it
would be pref er able if the USG was car ried out di rectly by 
the sur geon who will be per form ing the sur gery of sia lo -
lith re moval. Ap pli ca tion of en do scopic tech niques in the
di ag no sis of ob struc tive dis eases of the sali vary glands
seems to be very prom is ing. The use of an en do scope with 
a small outer di ame ter (0.9-1.3 mm) al lows for an ac cu -
rate as sess ment of sali vary ducts [7]. Nahlieli and
col leagues in their study de scribed the re sults of 450 sali -
vary en do sco pies, 98% of which re sulted in ob tain ing the
cor rect di ag no sis [10]. It is worth not ing, that en do scopic
ex ami na tion is slightly in va sive, does not ex pose the pa -
tient to the ra dia tion and al lows ob tain ing a di rect im age
of sali vary duct. Tech nique is pain less for the pa tient due
to the use of lo cal an es thet ics. En do scopic ex ami na tion
brings only a few limi ta tions. Dif fi cul ties in us ing the en -
do scope may oc cur in the case of very twisted and nar row
ducts, be cause in these cases there are prob lems with ma -
neu ver ing the tip of the en do scope and the risk of dam age
to the sali vary duct oc curs. Op era tor skills are also sig nifi -
cant dur ing the pro ce dure. It should be noted that,
en do scopy com bines di ag nos tic and treat ment op tions.

IN TER VEN TIONAL SIA LOEN DO SCOPY
The sia lo lithia sis re cently used to be the most com mon

cause of sub man dibu lar gland re sec tion [7]. In the early
nine ties of the twen ti eth cen tury, en do scope was used for
the first time used in the di ag no sis and treat ment of le sions 
of the sali vary gland. Pos si bil ity of re moval of sali vary
stones us ing en do scopic tech niques has opened a new
chap ter in the treat ment sia lo lithia sis. Ac cord ing to some
pub li ca tions suc cess rate of en do scopy treatment reaches
the level of 97% [7]. It should be em pha sized, that in ter -
ven tional en do scopic tech nique also al lows the re moval
of hy per tro phic changes, sali vary plugs or ex ten sion, sali -
vary stenoses. Cur rently used sia loen do scopes have small
di ame ter (about 0.9 to 1.8 mil li me ters) ad justed to fit the
ducts of the sali vary glands [6,7]. The in tro duc tion of the
en do scope into the nar row pa pilla of the duct re quires
a di la ta tion. If nec es sary, the di ame ter of the sali vary duct
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can be ex tended by us ing probes of in creas ing di ame ter.
De pend ing on the flexi bil ity we have: semi- rigid or rigid
sia loen do scopes and fi ber scopes [6]. En do scopes are
equipped with rins ing and “work ing” ca nal for the in tro -
duc tion of sur gi cal in stru ments. Rins ing ca nal al lows to
in ject an es thetic (2% lig no caine usu ally) and sa line di -
rectly into the sali vary duct. This al lows for lo cal
an es the sia, mi nor wid en ing of ca nal di ame ter, ob taining
good visi bil ity and wash ing frag ments of sali vary stones.
Mod ern sia loen do scopes through the use of fi ber op tics
al low ob tain ing high- resolution im age (at least 6000 pix -
els). This en ables ac cu rate and precise move ment within
the duct [7]. Work ing ca nal al lows for op er at ing with in -
stru ments for crush ing (litho tripsy) or to tal re moval of the
sali vary stones. Sur geon can use bas kets, tongs, tweez ers
and chis els. Ul tra sound de vices and la sers are in com mon
use.

In 1989 Iro and as so ci ates de scribed the Ex tra cor po real 
Shock Wave Litho tripsy (ESWL) [3]. This tech nique uses 
a high en ergy shock wave, which cre ates sig nifi cant stress 
within the sia lo lith. This stress leads to crush ing cal cu lus
into smaller frag ments. Lithotryp tors us ing ESWL can be
di vided to pie zoe lec tric and elec tro mag netic. In case of
sia lo lithia sis of Ste non duct, suc cess rate of elec tro mag -
netic lithotryp tors reaches the level of 34-69%. In case of
sia lo liths lo cated in Whar ton duct the success rate ranges
from 32 to 42 % [1]. Pie zoe lec tric lithotryp tors al low for
com plete re moval of de pos its in more than half of the
cases (50-58%). An ex ten sion of this method is Intra-
 corporeal shock wave litho tripsy (ISWL). The en ergy
needed to crush the stone is sup plied by a la ser beam or
electro- hydraulic probe. The use of electro- hydraulic
probe in the treat ment of sia lo lithia sis has been aban -
doned. De spite of the good re sults (68.97% of pro ce dures
com pleted with to tal crush ing of sia lo liths) and quick
frag men ta tion of de pos its, the method was con sid ered too
risky be cause of the large forces gen er ated dur ing the pro -
ce dure. Gen er ated forces brought with them a high risk of
the dam age of sali vary duct walls. For simi lar rea sons, the
use of pneu matic lithotryp tors was aban doned. Use of
pneu matic lithotryp tors in treat ment of uri nary stones was 
char ac ter ized by high ef fi ciency, how ever, the use of
pneu matic de vices in the treat ment of sia lo lithia sis was
as so ci ated with a very high risk of the duct wall per fo ra -
tion, be cause of the thick ness of the wall [1].

Mod ern lithotryp tors use la ser tech nol ogy. The es sence 
of la sers is gen era tion of short pulses with high power,
which causes the re lease of elec trons from the atomic nu -
clei. Free elec trons col lide with mole cules, which leads to
suc ces sive ex ci ta tion. High power wave with os cil la tion
fre quency of 5 to 10 Hz rises in side the cal cu lus. Vi bra -
tions lead to dis tur bances of in ter nal struc ture and in re sult 
to crush ing of sia lo lith [5]. Dif fer ent ac tive ma te ri als can
be used in la sers, this is why par ticu lar la sers dif fer in their 

prop er ties. Hol mium la ser (Ho: YAG) have been suc cess -
fully used in litho tripsy of uri nary stones. The length of
the emit ted ra dia tion wave is about 2100 nm. An im por -
tant ad van tage of Ho: YAG la ser is a low de gree of
pene tra tion of the la ser ra dia tion, which is about 10 times
smaller than in the case of ar gon la sers. Use of ar gon la -
sers treat ment of sia lo lithia sis should be cau tious due to
the heat gen er ated dur ing the pro ce dure, which may cause
dam age to the sur round ing tis sues in the case of nar row
sali vary ducts [7]. An other ac tive ma te rial used in la sers is 
a crys tal of yttrium- aluminum gar net with neo dym ium
(Nd: YAG). Nd: YAG la ser ra dia tion has a wave length of 
1064 nm. Mar chal and Dul guerov rec om mend use of dye
la sers with dif fer ent wave lengths. The ac tive sub stance is 
dye spe cific for a par ticu lar la ser. The ad van tage of dye
la sers is the lack of ab sorp tion of en ergy emit ted by the
sur round ing tis sues [5,7]. The cur rent op ti cal de vices al -
low dis tin guish ing the pa ti ent’s tis sues from sub stances
form ing sia lo lith. Any con tact of the fi ber end with the tis -
sues of duct auto mati cally re duces power of la ser
ra dia tion. Thanks to this a la ser litho tripsy pro ce dure is
largely atrau matic. 5- year re sults pre sented by Janas
showed that all of 12 per formed la ser high- energy Nd-
 YAG litho trip sies were suc cess ful [5]. Raif and as so ci ates 
de scribed the ef fects of use of Er: YAG la ser in en do -
scopic litho tripsy. 15 of 18 pro ce dures were suc cess ful
and re sulted with full res to ra tion of the sali vary gland
func tion [11].

LIMI TA TIONS OF SIA LOEN DO SCOPY
En do scopic meth ods, in spite of the nu mer ous ad van -

tages, have some limi ta tions. Has son in his study
in di cated that con duct ing en do scopy is con tra in di cated in
acute in flam ma tion of the sali vary glands [2]. En do scopy
should be post poned un til the acute symp toms of the in -
flam ma tion de scent. Other con tra in di ca tions re sult from
the tech ni cal limi ta tions of the pro ce dure. The lo cal iza -
tion of cal cu lus in sali vary gland pa ren chyma or
sec on dary ducts is also a con tra in dication for sia loen do -
scopy [6]. It is also im pos si ble to carry out en do scopic
sur gery, where it is not pos si ble to the dila tate the di ame -
ter of the duct in or der to al low for the in ser tion of the
specu lum. In these cases, it is nec es sary to use ra dio logi -
cal di ag nos tic meth ods and per form a clas si cal op era tion
of sia lo lith re moval. 

COM PLI CA TIONS
En do scopic pro ce dures, de spite of mini mal in va sive -

ness, re quire great skill of the op era tor per form ing the
sur gery. The most com mon com pli ca tion of en do scopic
sur gery is a tem po rary swel ling of the sali vary gland. This 
com pli ca tion, ac cord ing to data cited by Ca pac cio and as -
so ci ates, oc curs in 80-100% of cases. Swel ling is the
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re sult of con tinu ous rins ing of the duct with sa line. The
surgeon per form ing the sur gery should be care ful not to
cause ia tro genic dam age to the duct wall. Such in ju ries
oc cur in 1-8% of cases [1]. The pos si bil ity of such com pli -
ca tion is es pe cially im por tant in pa tients un der go ing
an ti co agu la tion treat ment. Pro ce dures car ried out in those
pa tients should be per formed by highly ex pe ri enced op -
era tors, due to the pos si bil ity of tis sue in jury and
ex ces sive bleed ing which can be dif fi cult to con trol [6]. In 
2-4% of cases postop era tive duct steno sis oc curs [1]. The
in fre quent com pli ca tions in clude pares the sias or in fec -
tions. An other im por tant com pli ca tion is push ing of the
cal cu lus fur ther into the duct or even into the sali vary
gland pa ren chyma. It is vi tal to re move all the frag ments
of crushed sia lo lith. Re main ing frag ment can be come the
core, of an other cal cu lus which may re sult in re cur rent
sia lo lithia sis. An im por tant as pect is the ex pe ri ence of the
op era tor. Sur geon should choose treat ment method in an
ap pro pri ate man ner to the ex ist ing clini cal situa tion, bear -
ing in mind that the aim of the treat ment is to re store
se cre tion of gland with a mini mal tis sue trauma.

SUM MARY
Sia lo lithia sis is the most com mon non- neoplasm cause

of ob struc tive sali vary dis or ders. The de vel op ment of
medi cal tech nol ogy has ex tended the range of di ag nos tic
and thera peu tic tech niques used in treat ment of this dis -
ease. Mod ern thera peu tic meth ods al low to per form
highly atrau matic sur gi cal pro ce dures. Moreo ver, these
meth ods are char ac ter ized by a high suc cess rate, up to
90%. Ac cord ing to data pro vided by Ca pac cio and as so ci -
ates, the in di ca tion to per form com plete re sec tion of the
sali vary gland de creased to 3% [1]. In va sive sur gi cal pro -
ce dures are of ten re duced only to per forming pa pil lotomy
in or der to dila tate the nar row os tium of the sali vary duct.
En do scopic meth ods al low to per form ac cu rate di ag no sis

and ef fec tive treat ment. The risk of com pli ca tions is low,
es pe cially when the pro ce dure is per formed by an ex pe ri -
enced sur geon.

REF ER ENCES
1. Ca pac cio P., et al.: Mod ern man age ment of ob struc tive sali -

vary dis eases. Acta Otor hi no lar yn gol Ital., 27, 2007.
2. Has son O.: Sia loen do scopy and sia lo gra phy: Strate gies for

as sess ment and treat ment of sali vary gland ob struc tions.
J O ral Max il lo fac Surg., 65, 2007.

3. Iro H., et al.: Ex tra cor po real shock wave litho tripsy of sali -
vary gland stones. Lan cet., 8, 115, 1989.

4. Jäger L., et al.: Sia lo lithia sis: MR Sia lo gra phy of the Sub man -
dibu lar Duct— An Al ter na tive to Con ven tional Sia lo gra phy
and US? Ra di ol ogy, 216, 2000.

5. Janas A.: In tra tu bu lar lithotrypsy of sia lo lithia sis. Im plan to -
pro te tyka, 10, 2009.

6. Krużyński S., Wanyura H., Stopa Z.: Whar ton and Ste non
duct sia loen do scopy – pre limi nary re port. Czas. Sto matol.,
62, 2009.

7. Mar chal F., Dul guerov P.: Sia lo lithia sis Man age ment. Arch
Oto lar yn gol Head Neck Surg., 129, 2003.

8. Mar chal F., et al.: Sub man dibu lar di ag nos tic and in ter ven -
tional sialen do scopy: new pro ce dure for duc tal dis or ders.
Ann Otol Rhi nol La ryn gol., 11, 2002.

9. Na gler R.M., et al.: Char ac teri za tion of the dif fer en ti ated an -
ti oxi dant pro file of hu man sa liva. Free Radic Biol Med., 32,
2002.

10.  Nahlieli O., Ba ruchin A.M.: En do scopic tech nique for the
di ag no sis and treat ment of ob struc tive sali vary gland dis -
eases. J Oral Max il lo fac Surg., 57, 1999.

11.  Raif J., et al.: An Er:YAG la ser en do scopic fi ber de liv ery sys -
tem for litho tripsy of sali vary stones. La sers Surg Med., 38,
2006.

12. Tey moor tash A., et al.: Bac te ria and patho gene sis of hu man
sali vary cal cu lus. Acta Oto lar yn gol., 122, 2002.

13. Zenk J., Ben zel W., Iro H.: New mo dali ties in the man age -
ment of hu man sia lo lithia sis. Minim In va sive Ther Al lied
Tech nol., 3, 1994.

14. Washio J., et al.: Hy dro gen sulfide- producing bac te ria in
tongue biofilm and their re la tion ship with oral malo dour.
J Med Mi cro biol., 54, 2005.

356 Current Issues in Pharmacy & Medical Sciences

Mansur Rahnama, Izabela Jastrzębska-Jamrogiewicz, Rafał Jamrogiewicz, Ewa Krochmalska


