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Objectives:  This study aims to answer whether acoustic radiation force impulse imaging 
(ARFI) can reasonably be employed in initial examination and follow-up during therapy in 
patients with sialolithiasis, one of the most common non-malignant disorders of the salivary 
glands.
Methods:  Mechanical tissue properties of affected and contralateral healthy salivary glands 
were analyzed by ARFI in 129 patients with sialolithiasis. In different subgroup analyses, 
ARFI shear wave velocity values were compared between healthy and diseased submandib-
ular or parotid glands, salivary glands with calculi exhibiting different sizes, as well as before 
and after therapy. The patients’ symptoms were evaluated by a standardized questionnaire. 
The t-test (2 groups) or the One-way ANOVA test (>2 groups) was used for the estimation of 
stochastic probability in intergroup comparisons.
Results:  Submandibular or parotid glands affected by sialolithiasis were found to exhibit 
significant lower ARFI values as compared to the healthy contralateral glands in the same 
individuals. ARFI values in submandibular glands with a single calculus of more than 5 mm in 
diameter or with multiple calculi as well as in parotid glands with calculi exhibiting diameters 
of more than 5 mm were significantly higher as compared to the respective healthy contralat-
eral glands. No significant differences in ARFI values of affected salivary glands were detected 
between patients with low or high symptom perception.
Conclusions:  ARFI provides an easy, quick and reliable diagnostic tool for the objective 
assessment of disease severity and progression in patients with sialolithiasis that can simply be 
implemented in pre-existing ultrasound protocols.
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Introduction

Obstructive sialadenitis is the most common non-malig-
nant disorder of the salivary glands. Caused by calculi, 
duct stenosis, foreign bodies, or anatomic variations of 
the duct system, this pathology leads to painful perip-
randial swelling and recurrent bacterial infections of 

the affected gland. As a consequence of the retention 
of saliva and ascending infections, remodeling processes 
in the glands' parenchyma occur, which may ultimately 
result in tissue fibrosis. With appropriate treatment, 
however, injured salivary glands are able to recover.1–4

Sialolithiasis represents the predominant cause of 
obstructive salivary gland disease. Post-mortem studies 
revealed a prevalence of 0.115% of calculi in salivary 
glands in the human population. Sialolithiasis affects 

Correspondence to:  Christoph A Reichel, E-mail: ​christoph.​reichel@​med.​uni-​
muenchen.​de

Received 15 November 2017; revised 15 April 2018; accepted 16 April 2018

https://doi.org/10.1259/dmfr.20170424
mailto:christoph.reichel@med.uni-muenchen.de
mailto:christoph.reichel@med.uni-muenchen.de


� birpublications.org/dmfr

2 of  6

Dentomaxillofac Radiol, 47, 20170424

 Elastography in sialolithiasis
Reichel et al

the submandibular gland in more than 80% and the 
parotid gland in about 10% of cases. In contrast to 
the rare intraparenchymal calculi, the vast majority of 
“stones” is located in the distal third of the duct or at the 
hilum of the gland. Aetiopathogenic factors of lithogen-
esis include obstruction, reduction of the salivary flow 
rate, dehydration and changes in the salivary pH, which 
is associated with impaired crystalloid solubility.1–4 In 
addition, calculi formation has been suggested to be 
supported by retrograde migration of foods, bacteria, or 
foreign bodies from the oral cavity into the duct system.5 
Minimal-invasive surgical techniques such as endosco-
py-based methods, extracorporal shock-wave lithotripsy 
(ESWL) and transoral duct splitting are now standard 
for the treatment of obstructive salivary gland disease 
thereby alleviating the need for more invasive measures 
such as gland resection.1–4

Elastography is a technical approach that has 
been proven to be useful for the evaluation of malig-
nant tumors, thyroid pathologies, or liver fibrosis.6–12 
Acoustic Radiation Force Impulse Imaging (ARFI) 
represents a novel ultrasound elastography technology 
that can be integrated into conventional real-time ultra-
sound equipment and thereby be performed along with 
B-mode imaging. In ARFI, short duration acoustic 
pulses are emitted into the tissue under investigation. 
Subsequently, the impulses induce localized micro-
shifts within the tissue, which allow transverse waves 
to spread centrifugally from the center of excitation. 
The shear wave velocity, which can be measured using 
ultrasound waves, provides an indication of the tissues 
elasticity. Using ARFI, we have recently demonstrated 
that healthy parotid glands exhibit a lower tissue elas-
ticity as compared to healthy submandibular glands.13 
In the present study, we sought to evaluate the employ-
ment of this technique in both the initial examination as 
well as the therapy follow-up of patients suffering from 
sialolithiasis.

Methods and materials

Study design and study population
This retrospective study was performed at the Depart-
ment of Otorhinolaryngology, Head and Neck Surgery, 
Grosshadern Medical Center, Munich, Germany. 
The study protocol was approved by the local ethics 
committee and written informed consent was obtained 
from all patients.

Between 2010 and 2013, patients with present diseases 
affecting one or more salivary glands were recruited by 
the employees of the Department of Otorhinolaryn-
gology and underwent a routine ultrasound examina-
tion. Subsequently, patients diagnosed with sialolithiasis 
were referred for elastography and had to complete a 
standardized questionnaire on their complaints. Ultra-
sound and elastography examinations as well as the 
completion of a standardized questionnaire by the 
patient were repeated after the end of successful therapy 

(defined by the sonographically/endoscopically vali-
dated disappearance of the calculus).

Patients with recurrent swelling of their submandib-
ular or parotid glands and ultrasound findings docu-
menting one or more calculi in one or more of their 
salivary glands were included in the study. For elastog-
raphy analyses, five regions of interest were chosen in 
each of the parotid and submandibular glands.

Exclusion criteria
There were no exclusion criteria because the elastog-
raphy measurement is considered to be a safe standard 
ultrasound technique.

Ultrasound imaging
Conventional ultrasound examinations were performed 
on a Siemens ACUSON S 2000 (Siemens Medical 
Systems, Erlangen, Germany) using a linear 9 MHz 
multifrequency transducer. The examination consisted 
of a conventional B-scan followed by color-coded 
duplex sonography. The color gain mode was employed 
only to the extent necessary to avoid obscuring arti-
facts. Additionally, automatic image gain optimization 
[TEQ (tissue equalization technology)] was performed. 
For elastography analyses, elastography ARFI software 
was used to measure the velocity of shear waves.

The “Virtual Touch TM Tissue Quantification” 
allows for the tracking of a shear wave within the region 
of interest as it travels perpendicularly to the trans-
mitted longitudinal push pulse. “Time to Peak analysis” 
allows for the computation of a numerical value of the 
shear wave velocity obtained over the region of interest, 
which is expressed in meters per second (m/s). The stiffer 
the tissue, the greater the shear wave velocity.14 Thus, 
measurements provide quantitative information about 
tissue elasticity. The ultrasound device features a high 
performance processor and allows the documentation 
of dynamic image sequences in cine mode by a digital 
frame buffer.

Data and statistical analysis
Data analysis from digitally stored video sequence data 
sets was performed using a statistical software package 
(SigmaStat for Windows, Jandel Scientific, Erkrath, 
Germany). After testing for normality of data (Shap-
iro-Wilk test), the t-test (2 groups) or the One-way 
ANOVA test (>2 groups) was used for the estimation of 
stochastic probability in intergroup comparisons. Mean 
values and standard deviations are given. p values < 0.05 
were considered significant.

Results

Study population
129 Caucasian patients with sialolithiasis, consisting of 
64 males and 65 females, were included in our study. The 
mean age of the patients was 44.8 years with a range 
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of 14 to 84 years (male mean 46.0 years, range 14 to 84 
years; female mean 43.5 years, range 14 to 81 years). Of 
these cases, 106 patients suffered from sialolithiasis of 
the submandibular gland, consisting of 54 males and 52 
females, and 23 patients suffered from sialolithiasis of 
the parotid gland, consisting of 11 males and 12 females. 
The mean age of the patients with sialolithiasis of the 
submandibular gland was 42.7 years, ranging from 14 
to 84 years (male mean 45.3 years; female mean 40.0 
years). The sialolith was located in the right subman-
dibular gland in 50 patients and in the left submandib-
ular gland in 56 patients. The mean age of the patients 
with sialolithiasis of the parotid gland was 54.0 years, 
ranging from 31 to 76 years (male mean 49.6 years; 
female mean 57.8 years). The sialolith was located in the 
right parotid gland in 9 patients and in the left parotid 
gland in 14 patients.

Effect of sialolithiasis on tissue elasticity
As a measure of tissue elasticity, ARFI analyses were 
performed in individuals with unilateral sialolithiasis 
of their salivary glands (Figure 1a). The ARFI values 
obtained in healthy glands were comparable to those 
described in previously published observations.15,16 
Submandibular glands with evidence of calculi exhib-
ited significantly higher ARFI shear wave velocity values 
compared to healthy contralateral submandibular 
glands in the same individuals, indicating lower tissue 
elasticity/more stiffness (Figure  1b). Similarly, ARFI 
shear wave velocity values of parotid glands affected 
by sialolithiasis were significantly higher compared to 
healthy contralateral parotid glands (Figure 1c) (Supple-
mentary table 1).

Effect of calculus diameter on tissue elasticity
The effect of the calculus’ diameter on tissue elas-
ticity of affected salivary glands was characterized in a 
subgroup analysis. ARFI shear wave velocity values in 
submandibular glands with a single calculus exhibiting 
a diameter of more than 5 mm or with multiple calculi 
were significantly higher compared to healthy contralat-
eral submandibular glands (Figure 2a). Likewise, ARFI 
shear wave velocity values in parotid glands with calculi 
exhibiting diameters of more than 5 mm were signifi-
cantly higher compared to healthy contralateral parotid 
glands (Figure 2b) (Supplementary table 1).

Effect of successful therapy on tissue elasticity of 
diseased glands
Furthermore, the effect of successful therapy (ESWL 
or surgical/endoscopic extraction) on tissue elasticity 
of diseased glands was determined after the complete 
removal of the calculus. After successful therapy, ARFI 
shear wave velocity values in submandibular glands 
decreased to values not significantly different from unaf-
fected contralateral glands (Figure 1b). Similar results 
were obtained for the treatment of affected parotid 
glands (Figure 1c).

Association of subjective parameters and tissue elasticity 
measurements
Symptoms of the individuals with sialolithiasis of their 
salivary glands were assessed using a standardized ques-
tionnaire. No significant differences in ARFI shear wave 
velocity values of affected salivary glands were detected 
between patients with short (<6 months) or long (>6 
months) duration of complaints (Figure 3a), infrequent 
(<50) or frequent (>50) episodes (Figure 3b), low (visual 
analogue scale (VAS) 0–5) or high (VAS 6–10) intensity 
of gland pain (Figure 3c), infrequent (<50) or frequent 

Figure 1   Effect of successful therapy on tissue elasticity of sali-
vary glands in patients with sialolithiasis. A representative B-mode 
scan image of a calculus in the left submandibular gland is shown, 
the region of interest on the left hand side in the image indicates the 
region of tissue elasticity measurement (a). Panels show results for 
submandibular (b) or parotid (c) glands before (pre) and after (post) 
successful therapy (mean ± SD for n = 7–25 per group; #p ≤ 0.05  vs  
healthy gland). ARFI, acoustic radiation force impulse imaging.
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(>50) episodes (Figure  3d), or low (VAS 0–5) or high 
(VAS 6–10) intensities of gland swelling (Figure 3e).

Discussion

In chronic obstructive sialadenitis, the affected paren-
chyma can become edematous and fibrotic, ultimately 
leading to the loss of the gland’s secretory function. Due 
to emerging knowledge about the salivary glands’ poten-
tial to recover after removal of obstructions in their duct 
system, the treatment of sialolithiasis shifted in the past 
decades from ablative surgical techniques to minimal-in-
vasive therapeutical strategies.1–4 In order to evaluate the 
effect of these therapeutic modalities on the recovery 

of the salivary glands’ parenchyma, different tech-
nical means including scintigraphic, sialographic and 
echostructural analyses as well as questionnaire-based 
approaches have been employed – all with more or less 
unsatisfying results regarding their usefulness in clinical 
routine.17–20 Recently, ARFI has been implemented in 
the diagnostic work-up of different pathological entities 
such as malignant tumors, thyroid pathologies, or liver 
fibrosis.6–12 We have shown that this technical approach 
also serves as a valid method to determine the tissue elas-
ticity of salivary glands.13 Consequently, ARFI might be 
useful as a clinical routine to objectively measure struc-
tural alterations in the parenchyma of salivary glands in 
patients with sialolithiasis.

Based on our previous findings,13 we routinely 
employed ARFI elastography in the initial examina-
tion and the follow-up during therapy of  patients with 
sialolithiasis. In the first visit of  our patients, subman-
dibular glands with evidence of  one or more calculi 
were found to exhibit a lower tissue elasticity compared 
to healthy contralateral submandibular glands in the 
same individual. Similarly, parotid glands affected by 
sialolithiasis were “stiffer” than the healthy contra-
lateral parotid glands, thereby extending previously 
published preliminary data.13 Since these elastographic 
analyses were now integrated into our standard ultra-
sound examination protocol and usually took less than 
a minute to perform on a patient, our studies collec-
tively indicate that ARFI provides a quick, easy and 
reliable diagnostic instrument to quantitatively assess 
the structural tissue status of  salivary glands affected 
by sialolithiasis.

In this context, it is worth noting that submandibular 
glands with a single calculus exhibiting a diameter of 
more than 5 mm or multiple calculi were significantly 
“stiffer” compared to healthy contralateral submandib-
ular glands. Similarly, parotid glands with a calculus of 
more than 5 mm in diameter demonstrated a signifi-
cantly reduced tissue elasticity compared to parotid 
glands with a “stone” of less than 5 mm in diameter. 
These findings might be related to the anatomical 
organization of the glands’ duct systems as well as the 
spatial distribution of calculi in patients with sialoli-
thiasis: Collected in the smallest ductuli, the salivary 
gland’s secretion products are drained into the duct of 
Wharton/Stenon through a tree of duct segments with 
increasing diameters. As larger calculi tend to be depos-
ited in larger duct segments,21 the volume of parechyma 
affected by retention of saliva gradually increases 
with higher calculus diameters, potentially leading to 
tissue remodeling processes in broader parts of the 
diseased salivary gland. The overall tissue elasticity of 
the affected gland consequently decreases with higher 
calculi diameters. Hence, these data suggest that ARFI 
allows the quantitative assessment of disease severity in 
patients with sialolithiasis.

In addition to the initial patient examination, we 
also sought to evaluate the effect of  our therapeutic 

Figure 2   Effect of calculus size on tissue elasticity of salivary glands 
in patients with sialolithiasis. Panels show results for submandibular 
(a) or parotid (b) glands with a single calculus of different sizes or 
multiple calculi (mean ±  SD for n = 8–39 per group; #p ≤ 0.05  vs  
healthy gland).
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interventions on the salivary glands’ tissue elasticity 
in follow-up visits. Here, we show that ESWL or 
surgical/endoscopic interventions not only lead to the 

removal of  calculi, but also facilitate the recovery of 
the diseased glands as indicated by decreased ARFI 
shear wave velocity values. Thus, ARFI also appears 

Figure 3   Association of the patient’s complaints with tissue elasticity of salivary glands in patients with sialolithiasis. Panels show results 
for diseased SG and PG glands in individuals with: varying durations of the complaints (a), varying numbers of episodes (b) or intensities 
(VAS values) of subjective gland pain (c), varying numbers of episodes (d) or intensities (VAS values) of subjective gland swelling (e) (mean 
± SD for n = 9–42 per group). ARFI, acoustic radiation force impulse imaging; PG, parotid gland; SD, standard deviation; SG, submandib-
ular gland, VAS, visual analogue scale.
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to be useful for monitoring the patient’s benefit of 
therapy regarding tissue recovery. Obtaining ARFI 
data might therefore particularly be valuable for iden-
tifying patients with dysfunctional salivary glands 
despite successful removal of  calculi which should be 
considered for surgical excision, although we are not 
able to provide a histopathological correlation to our 
elastography findings.

In the initial patient visit and in the follow-up exam-
inations, our patients complete a standardized ques-
tionnaire on their complaints. Interestingly enough, 
we were not able to detect any correlation between the 
extent of the patients’ symptoms and our objective 
tissue elastography results. This might be explained by 
the patients’ highly individual and diverse symptom 
perception emphasizing the use of objective measures 

such as ARFI elastography in diagnosis and follow-up 
of patients with sialolithiasis.

Conclusions

The results of our study demonstrate that ARFI elastog-
raphy is a valuable diagnostic tool for assessing disease 
severity and progression in patients with sialolithiasis. 
This method is easy to use, not time-consuming, and 
can be easily and seamlessly integrated into pre-existing 
ultrasound examination protocols.

Acknowledgments

This study is part of the doctoral thesis of T.V.

http://birpublications.org/dmfr
https://doi.org/10.1016/j.otc.2009.08.002
https://doi.org/10.1016/j.otc.2009.08.002
https://doi.org/10.1002/lary.23958
https://doi.org/10.1159/000313711
https://doi.org/10.1002/lary.23272
https://doi.org/10.1001/archotol.127.1.66
https://doi.org/10.1001/archotol.127.1.66
https://doi.org/10.1016/j.diii.2013.02.006
https://doi.org/10.1016/j.ejrad.2013.05.008
https://doi.org/10.3233/CH-2010-1342
https://doi.org/10.3233/CH-2011-1461
https://doi.org/10.3233/CH-162046
https://doi.org/10.3233/CH-162046
https://doi.org/10.3233/CH-141904
https://doi.org/10.3233/CH-141904
https://doi.org/10.3233/CH-2011-1446
https://doi.org/10.3233/CH-2011-1446
https://doi.org/10.1016/j.ultrasmedbio.2003.08.008
https://doi.org/10.1016/j.ultrasmedbio.2003.08.008
https://doi.org/10.1016/j.ultrasmedbio.2016.04.011
https://doi.org/10.1016/j.ultrasmedbio.2016.04.011
https://doi.org/10.1016/j.ultrasmedbio.2015.11.009
https://doi.org/10.1016/j.ultrasmedbio.2015.11.009
https://doi.org/10.1097/01.mnm.0000202864.52046.b1
https://doi.org/10.1097/01.mnm.0000202864.52046.b1
https://doi.org/10.1016/S0278-2391(89)80009-6
https://doi.org/10.1002/lary.20839
https://doi.org/10.1016/j.joms.2004.05.116
https://doi.org/10.1016/j.joms.2004.05.116

