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Abstract
Objectives: Evaluation of Acoustic Radiation Force Impulse Imaging (ARFI) elastography performance in predicting the elastic-

ity of the submandibular glands in normal situations and after radiation therapy. Material and method: A number of 54 normal sub-
mandibular glands from 27 voluntary subjects and 33 pathological submandibular glands (radiation submaxillities) from 18 patients 
who had undergone radiation therapy for various cervical and facial oncological conditions were included in study. All the patients had 
undergone a B mode ultrasonography (Tissue Harmonic Imaging, 8-14 MHz) while the submandibular volume was determined and 
subsequently an ARFI examination while the shear wave velocity (SWV) was measured (in the central, peripheral and subcapsular 
areas, with the results expressed in m/s). Results: In the volunteers’ group the mean value of the SWV of the left submandibular gland 
was 1.68 ± 0.46 m/s, determined in the centre of the gland, 1.88 ± 0.4 m/s in the periphery (corresponding to the subcapsular paren-
chyma) and the SWV of the right submandibular gland was 1.74 ± 0.35 m/s (centrally) and 1.84 ± 0.43 m/s in the periphery. The mean 
value of all measurements was 1.82 ± 0.41 m/s. The mean volume of the glands was 7.97 ± 2.63 cm3. In the group of patients who  
had underwent radiation therapy (at least 35Gy), the mean value of the SWV was 2.24 ± 0.49 m/s centrally and 2.1 ± 0.58 m/s in the 
periphery on the left and 1.99 ± 0.5 m/s centrally and 2.21 ± 0.52 m/s in the periphery on the right. The mean value of all the measure-
ments was 2.13 ± 0.52 m/s and the mean volume of the gland was 5.95 ± 4.16 cm3. Conclusions: Elastography using ARFI technique 
is a valid examination in the evaluation of the normal and pathological submandibular gland stiffness. The values of the shear wave 
velocities that correspond to a normal stiffness, determined through the ARFI technique, are similar in the two glands. After cervical 
and facial radiation therapy the values of the SWV are increased, indicating a change in the consistency of the gland thus implying a 
structural transformation. The ARFI technique can be used in the evaluation of the salivary glands pathology.
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Introduction

The pathology of the salivary glands comprises nu-
merous inflammatory and tumoral, degenerative and in-

fectious conditions. A physical examination is essential 
in order to establish an initial diagnosis in relationship 
with the history of the disease. Yet the accuracy of the 
physical exam is limited since there are several condi-
tions that share similar symptoms. This is the reason why 
physicians usually request further investigations, one of 
them being ultrasonography (US) [1].

US has been proved to have applications in the evalu-
ation of the anatomy and vascularity of the salivary 
glands, including the submandibular glands [2]. The 
method easily identifies tumoral masses, assesses their 
consistency, elasticity, as well as the features of the vas-
cularity. These criteria, when used together, are extreme-
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ly useful in defining the nature of a tumoral mass as close 
to reality as possible. Additionally, the use of US in tu-
mor staging by assessing local invasion and by identify-
ing tumoral lymph nodes is well-known. US can also be 
used in diffuse pathology of the submandibular glands. 

An increased volume of the gland associated with a 
structural alteration can lead the diagnosis. The Doppler 
interrogation, and lately the contrast-enhanced exam, 
consolidates the diagnosis of inflammation. The diagno-
sis is based on the increase of the signal identified in the 
vessels, on the number of vessels and their spatial distri-
bution as well as the microbubbles features of transition 
through the gland [3].

In the latter years there have been many discussions 
regarding elastographic procedures. These techniques are 
meant to objectively appreciate the real consistency of 
a structure located in a certain topographic region [4]. 
There are several types of elastographic examinations 
[5]. The “real-time” elastography (quasistatic elastogra-
phy - SE) is a method which color codes the deformabil-
ity of a region of interest upon which the transducers is 
repeatedly, uniformly pressed with low amplitude. The 
method has proved useful in breast pathology as well 
as in thyroid pathology [6,7]. The disadvantage of the 
method is operator-dependency, the image being condi-
tioned both by the modality by which the region of inter-
est is being pressed as well as by the experience of the 
examiner. Additionally, the obtained data are semiquan-
titative. Unidimensional transient elastography expresses 
in kilopascals the tissue stiffness evaluated by using an 
ultrasound beam issued on a predefined direction. The 
method has proved its value in quantifying the degree of 
liver fibrosis, replacing in certain circumstances liver bi-
opsy [8]. Another elastographic procedure is represented 
by shear wave elastography (SWE), where the transduc-
er is held steady on the examined region and the image 
is produced by successive pulses of different acoustic 
power (“pushing” waves) and by an ultrafast technique 
of detecting the implicit variation of the tissues [9]. The 
information obtained is color-coded, thus having the ad-
vantage of a superior theoretical accuracy and operator 
independence and also an independence from the physi-
ological shape variation of the surrounding textures. This 
technique allows the discrimination between benign and 
malignant thyroid nodules [10]. Color-coded static elas-
tographic procedures have a global disadvantage of being 
semiquantitative. They first emphasize the tumoral mass-
es when these have different stiffness from that of the 
surrounding parenchyma [11]. The information provided 
through color-coded procedures regarding the subman-
dibular parenchyma in diffuse conditions is discouraged 
as it is considered just guiding and highly subjective [12]. 

A technique that has been just recently introduced in 
practice is the ARFI technique (Acoustic Radiation Force 
Impulse). ARFI imaging technology involves the me-
chanical excitation of tissue using short-duration acous-
tic pulses (< 1 ms) in a region of interest chosen by the 
examiner, producing shear waves that spread away from 
the region of interest, perpendicularly to the acoustic push 
pulse, generating a localized, micron-scale displacement 
of the tissue. Simultaneously, detection waves of lower 
intensity than that of the push pulse (1:100) are generated. 
The moment of interaction between the shear waves and 
detection waves marks the period of time elapsed between 
the generating of shear waves and their entire crossing of 
the region of interest. By recording the shear wavefront 
at several locations and correlating these measurements 
with the elapsed time, the shear wave velocity (SWV) 
(m/s) can be quantified; generally, the stiffer a region in 
the tissue, the greater the SWV as it travels through this 
region. Thus, the measured SWV is an intrinsic character-
istic of the tissue. There are already studies that show that 
the method can be used in clinical practice in evaluating 
fibrosis in various liver conditions [13]. 

The aims of the present study are: to find the mean 
values of the SWV of the normal submandibular glands 
(SMG) and to identify the alterations of the mean SWV 
of the SMG in patients who undergo cervical and facial 
radiotherapy procedures for different oncological condi-
tions.

Material and method

This is a prospective study, focused on the subman-
dibular glands, performed between February and April 
2012. The Ethics Committee of the “Iuliu Haţieganu” 
University of Medicine and Pharmacy, Cluj-Napoca ap-
proved the study. The procedure was explained to all 
patients and a written informed consent obtained from 
them. All the patients were examined using a standard-
ized procedure consisting of a B mode, grey-scale and 
color Doppler (CFM) exploration and an elastographic 
examination through the ARFI technique.

Study group. The study group comprised 45 volun-
teers, divided into two subgroups: subgroup A, which 
included healthy subjects, was used to define the normal 
values of the SWV in the SMG; subgroup B, which in-
cluded the patients that underwent radiation therapy, was 
used for validating the ARFI technique for pathological 
situations. 

Subgroup A consisted of 27 subjects (male:female = 
10:17), with a mean age of 27± 8.7 years old (range 19 - 
51 years), and it was considered the reference group. The 
including criteria were: normal general status, no previ-
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ous pathology that might have had consequences on the 
salivary glands, normal results of the usual biochemical 
tests, normal salivation demonstrated through a stand-
ardized salivation test, normal US aspect on grey scale 
and Doppler examination. The excluding criteria were 
represented by an altered salivation felt by the subject, a 
history of previous diseases of the salivary glands, ultra-
sonographic changes of the submandibular glands paren-
chyma, radiation therapy on the cervical region.

Subgroup B consisted of 18 subjects (male:female = 
13:5), with a mean age of 51 ±10.9 years old (range 28 
- 67 years). The including criteria in this subgroup were 
represented by: history of radiation therapy procedures 
of at least 35 Gy on the cervical region, at least 6 months 
since the last exposure, changes of the salivation demon-
strated through the salivation test, normal general status, 
normal biochemical tests. Excluding criteria were repre-
sented by: age over 70 years old. Three of the patients 
from this group presented a single submandibular gland 
since they had underwent surgery for a submandibular 
carcinoma. 

The examination protocol included the history of 
the patient, a brief physical examination, the salivation 
test and the US examination. The history focused on 
identifying the factors that could generate various, local 
or general, conditions of the salivary glands. The sali-
vation test was based on the evaluation of the declared 
amount of salivation and on the quantitative assessment. 
The “Saliva – Check Buffer” (GC, Germany) test was 
used, which consisted of chewing paraffin wax for 5 min-
utes and continuously collecting the saliva in a graded 
container, followed by the calculation of the salivary flux 
expressed in ml/min. Values under 5 ml/min were con-
sidered normal.

US exploration. Two experienced examiners (ATS, 
RB) performed the US examinations. The ultrasound ma-
chine was Siemens S 2000 equipped with an 8-14 MHz 
linear transducer and adequate software for elastographic 

Fig 1. The examination of a patient from group A, left submandibular gland: a) B mode evaluation, b) SWV 
measurement within the peripheral parenchyma using the ARFI technique, c) SWV measurement within the 
central parenchyma using the ARFI technique. 

examinations in SE, Strain Ratio Index (SRI), color-cod-
ed ARFI and quantitative ARFI mode. The patients were 
placed in decubitus with the head slightly extended. Dur-
ing the examination the patients breathed normally and 
avoided swallowing. First the grey-scale examination 
was performed, with 8 MHz transducer, using a single fo-
cus, placed on the submandibular gland. The perpendic-
ular views, where the gland is visualized entirely, were 
used for the measurements of the sizes of the gland. The 
sizes of the submandibular glands were determined in 3 
perpendicular axes: long, transverse and cranial-caudal 
view. The volume of the gland was calculated using the 
following formula: Vol = (long diameter) x (transverse 
diameter) x (cranial-caudal diameter) x 0.52.

On the long view the gland has an oval shape, is elon-
gated and limited by the skin and the oral roof. On the 
transverse view the submandibular gland is round and 
limited by the oral roof and skin. The Doppler exam, 
CFM mode, was used to emphasize the main parenchy-
mal vessels. The long views, acquired in the long axis of 
the submandibular gland, where the gland was visualized 
entirely, with both the central and peripheral, subcapsu-
lar parenchyma visible, were considered valid for the as-
sessment of the shear wave velocities measurements. The 
SWV measurements using the ARFI technique were per-
formed by placing the predefined measurement sample 
in the centre of the gland as well as in the peripheral pa-
renchyma. The values were expressed in m/s. The place-
ment of the sample avoided the main vascular branches 
identified during the CFM exploration. The sample was 
placed at a depth of 1-1.5 cm and each measurement was 
registered in a database (fig 1, fig 2).

Statistical analysis. A mean value (M) and a 
standard deviation (SD) of the SWV values measured 
in the central (C) and peripheral (P) parenchyma of 
the SMG were calculated. Through the concatenation 
of the SWV values determined through the ARFI tech-
nique in the centre and in the periphery, the global M 
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value and the corresponding SD were calculated for 
the left as well as for the right SMG. By the concatena-
tion of all the SWV measurements obtained for group 
A, the M and SD for healthy patients were calculated 
(M group A). In a similar manner the M and SD were 
calculated for the patients that had undergone radia-
tion therapy (M group B). The Microsoft Excel 2010 
(Microsoft) software and Prism (GraphPad) were used 
in the analysis. The T two tailed test with n–2 degrees 
of freedom was used to compare mean values and 
the level of statistical significance was established at 
p=0.05. 

Results

Following the described protocol a number of 1380 
examinations were performed using the ARFI technique, 
720 for group A and 660 for group B. The success rate of 
the SWV measurements using the ARFI technique was 
100 %. The mean time necessary for an examination was 
18.3 +/- 3.5 min. The results of the measurements for the 
two groups are presented in Table I.

No significant differences (p>0.05) between M C and 
M P corresponding to the left SMG as well as to the right 
SMG were found. Additionally there were no statistically 
significant differences (p>0.05) between the M C of the 
left and right SMG and between the M P of the left SMG 
versus the right SMG regardless of the group.

The comparative evaluation of the global M values 
inside group A and inside group B was not statistically 
relevant (p>0.05). 

An evaluation of the mean of all the measurements 
in group A (M group A) versus the mean of all the meas-
urements in group B (M group B) was realized by com-
paring the two groups (see graphic). The following re-
sults were obtained: M group A=1.82 ± 0.41 (m/s) and 
M group B= 2.13 ± 0.52 (m/s) (fig 3). The difference 
between these mean values was statistically significant 
(p<0.05).

By analyzing the volumes of all the glands from the 
healthy subjects compared with those of the patients that 
received radiation therapy a statistically significant dif-
ference was noticed in favor of the first group (7.97 ±2.63 
cm3 vs. 5.94 ± 4.16 cm3, p<0.05).

Fig 2. The examination of a patient from group B, right submandibular gland: a) B mode evaluation, b) SWV 
measurement within the peripheral parenchyma using the ARFI technique, c) SWV measurement within the 
central parenchyma using the ARFI technique. 

Table I. The mean and standard deviation values of the shear wave velocities determined through the ARFI 
technique at the regions of interest. 

Left SMG Right SMG 

C P Global C P Global

Group A

M (m/s) ± SD 1,68 ± 0,46 1,88 ± 0,4 1,79 ± 0,33 1,74 ± 0,35 1,84 ± 0,43 1.82 ± 0,41

Group B

M (m/s) ± SD 2,24 ± 0,49 2,10 ± 0,58 2,17 ± 0,46 1,99 ± 0,50 2,21 ± 0,52 2,13 ± 0,52

C-central parenchyma, P-peripheral parenchyma, Global-the mean of the concatenated of the C and P values, SMG-
submandibular gland.
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Discussions

US is a widespread diagnosis method with several 
qualities worthy of consideration: accessibility, dynamic 
imaging (“real-time”), innocuity, agreeable to patients, 
and accuracy. For a very long time, US was considered 
to be a strictly anatomical exploration. Empirical ob-
servations have shown the potential of this method in 
appreciating the compliance of the organ parenchyma, 
demonstrated on the real-time image through a firm com-
pression with the transducer. In the last 10-15 years there 
have been many technological developments, the most 
spectacular being focused on the use of contrast media 
and elastography, both having a proven value in clinical 
practice.

Elaborate studies have shown that there is a possibil-
ity to directly evaluate the elasticity of the tissues. The re-
flecting elements found in the structure of the biological 
tissues, a good enough penetration at high frequencies of 
the ultrasound beam (and implicitly a very good resolu-
tion) and the high transmission velocity of US in tissues 
represent factors that allow “real-time” elastographies of 
the superficial organs (currently known as “small parts”) 
[5,14]. 

An elastographic procedure, recently introduced into 
practice, is the one based on the existence of the share 
waves within the tissue that are exposed to an US beam 
with intermittent (TE) or continuous emission (SWE, 
ARFI) [15]. The shear waves represent movement waves 
perpendicular on the axis of the US beam generated by 
the transducer, with frequencies and velocities lower than 
those of the beam. They do not interfere with the grey 
scale image, thus making them invisible. The shear wave 
velocity directly correlates with tissue stiffness, being 

higher when the tissue is stiffer and lower when the tis-
sue is elastic. The elastographic procedures based on the 
shear wave are quantitative and reproducible. The infor-
mation that is obtained is expressed either color-coded 
either in kPa or in m/sec. 

It has been demonstrated that elastography which 
is based on the shear waves allows a better discrimina-
tion of the nodules found in full, superficial organs [16]. 
Therefore, in the case of the thyroid, values > 65 kPa 
detected in the nodules are highly suggestive for a ma-
lignant nature [10]. It is assumed that the same perfor-
mance can be obtained in the case of the salivary glands. 
Unfortunately there are studies showing that the complex 
morphology of the salivary tumors decreases the perfor-
mance of SWE. For example the pleomorphic adenoma 
of the parotid glands has a stiffness of 22.5 kPa with the 
extremes between 9.7 and 59.4 kPa, while the Whartin 
tumor has values around 16.9 kPa (with an interval be-
tween 3.8-47.8 kPa) [14]. These large intervals of the 
stiffness values make the method of little value for clini-
cal practice. But because the ARFI values of the veloci-
ties within the tumors are different from those identified 
in the parenchyma, it can be considered that the SWE 
has a value in consolidating the diagnosis of tumor. Addi-
tionally, the method allows the evaluation of the normal 
parenchyma elasticity. For the submandibular glands this 
is between 5.6 - 16.2 kPa, with a mean value of 11.3 kPa 
and a standard deviation of +/- 1.4 kPa [14]. 

Among the SMG conditions the iatrogenic conditions 
is a special category generally with diffuse character. Ra-
diotherapy performed for cervical and facial oncological 
conditions determines irreversible alterations of the sali-
vary glands by generating an initial acute inflammatory 
reaction, followed by a chronic hypotrophy [16]. Each 
year 350,000 patients are exposed to radiation for thera-
peutical purposes. About 80% of these patients develop a 
decrease of salivation and as a result a serious alteration 
of the quality of their lives with exposure to infections of 
the oral cavity, tooth cavities, dysphagia, and pain [17]. 
There are some prophylactic solutions for such situa-
tions, but their results are questionable, that is why an 
early diagnosis of the condition is so important [18]. 

The elastograhic examination of the salivary glands is 
known mainly as a diagnosis method useful for the con-
solidation of the diagnosis of a tumor. The application 
of this method in diffuse conditions is less discussed in 
literature. There are inconsistent data that show the rel-
evance of ARFI images in cases of submaxillities by the 
fractal analysis of the images [19]. We did not find in 
literature applications on larger groups of patients. This 
is a paradox considering the lack of objective instruments 
for the evaluation of the diffuse diseases of the subman-

Fig 3. The measurements of the shear wave veloci-
ties determined using the ARFI technique for each 
group. The horizontal line is placed at the level of 
the mean value.
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dibular glands. Generally, the diagnosis is based on the 
palpation of the gland, performed by the clinician, which 
leaves the final conclusion to a certain dose of subjectiv-
ity being conditioned by the experience of the examiner. 
Furthermore the evolution/involution of a certain diffuse 
condition can only be appreciated using functional tests. 
The use of biopsies is not so popular and is disagreeable. 
Additionally, there are no methods to detect the diffuse 
conditions in early phases. 

The present study shows that elastography using 
ARFI technique can fill this void in clinical practice. 
A trustworthy application of the method requires the 
knowledge of the normal values, a clear method of ex-
amination, the establishment of the success rate and the 
validation of the method in a significant manner.

 Until now the literature does not record any data re-
garding the values of the shear wave velocities of the nor-
mal or post radiation submandibular glands. 

Mansour et al [20] realized the only similar study 
on the submandibular glands (emphasis on the parotid 
gland). We consider that the present study represents a 
beginning for the consolidation of the literature that fo-
cuses on the value of the ARFI data in the circumstances 
we just talked about. The normal values of the shear 
wave velocities of the submandibular gland parenchyma 
as they result from our study are around 1.82 m/sec. At 
the same time the study sustains an important result in the 
fact that the SWV determinations using ARFI are not de-
pendent on placing the sample in the glandular parenchy-
ma. The differences between the central and the periph-
eral areas are little and statistically insignificant. Another 
important conclusion refers to the similarity of the mean 
SWV between the left and right SMG in normal subjects. 
In order to consolidate this information a further phase 
of the study will follow and the group of patients will be 
extended, both in number as well as in age distribution.

The age of the patients is one of the limits of this study. 
Even though a large age spectrum was evaluated (19-67 
years old) this should be extended, especially by including 
patients over 67 years old. This statement is based on the 
changes suffered with age by the glandular parenchyma (an 
increase of the volume occupied by adipocytes and con-
junctive tissue) which might influence the establishment of 
the normal ARFI measurements on age groups [21]. 

The examination method is easy and very well toler-
ated by the patient. From our experience, but also from 
the literature data, the result is that it is recommended 
to perform several measurements and calculate a mean 
value for credible results. The success rate in acquiring 
information is very high (as much as 100%), making the 
method a valid one. The operator dependent character 
of the examination, even though it was not statistically 

evaluated in this study, is lower than in the case of a “real 
time”, color-coded elastography.

The quantification of the operator dependence char-
acter and the establishment of the intra/interobserver 
consensus are regarded as limits of the study and will be 
further evaluated in the future. The time necessary for 
the examination was relatively short, but a comparison 
with other literature data on this topic was not possible 
since there is no research regarding this at the moment. 
We consider that these intervals will be improved in the 
case of our examiners due to the acquired experience. At 
the same time, since there are no differences between the 
values obtained in the centre and in the periphery of the 
gland, in the future the examination will be limited to the 
most accessible region. As a result of these factors the 
time of examination will decrease.

The SWV measurements using ARFI performed on 
patients who received radiation therapy may represent a 
clinical application of the procedure. After radiation the 
SMG suffer a process of inflammation followed by fibro-
sis and functional consequences [22]. These changes set 
in very quickly after the initiation of the therapy. In the 
present study, the mean value of the SWV identified in 
the group B subjects is 2.13 m/sec, significantly different 
from that found in group A. But as in group A, the veloci-
ties were not significantly different between the centre 
and the periphery, or between the glands evaluated as a 
whole. The demonstration of these changes places ARFI 
elastography as a routine examination of these patients. 
We consider that the method can be used for the evalu-
ation of the efficiency of the recuperation therapy of the 
parenchyma, but this requires further studies.

The advantages of the ARFI technique are represented 
by the quantitative character of the procedure, the meas-
urements being expressed in m/sec. The acquisition sam-
ple can be easily moved along the regions of interest of 
the gland, thus increasing the versatility of the method. 
The technique has a real potential in establishing the trend 
of the disease and in consolidating the clinical diagnosis.

The sensitivity of the method related to the early 
changes of the parenchyma is not yet known, further stud-
ies being necessary. It is expected that the ARFI changes 
are independent from the etiopatogenesis of the process. 
This is explained by the fact that the method quantifies 
and evaluates tissue stiffness, which is present in various 
histological diseases such as the lymphoplasmacytic in-
flammatory infiltrate but also in fibrosis. As happened in 
our study, the reduced volume of the gland pleads for the 
presence of fibrosis. In our opinion it is necessary to inte-
grate the information that was obtained by applying ARFI 
in an algorithm that comprises additional criteria (size, 
structure, vascularity). In that way we aspire towards a 
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noninvasive diagnosis of diffuse conditions. Obviously, 
from this point of view it is also necessary to extend the 
study on a larger group of patients with various, well doc-
umented diseases, even morphologically if possible.

Conclusions 

The ARFI examination of the SMG represents an ob-
jective modality for the evaluation of parenchyma stiff-
ness in normal and pathological situations. The mean 
value of the SWV corresponding to normal stiffness, 
determined through the ARFI technique, is similar in 
the two glands, measuring 1.82 m/sec. In the post radia-
tion therapy group, the values of the SWV, determined 
through the ARFI technique, correspond to an increased 
stiffness, with a mean value of 2.13 m/sec.
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