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Abstract

Background: Successful removal of salivary stones depends on exact pretreatment information of the location, the
size and shape of the stones. This study aimed to compare the volume of submandibular sialoliths determined by
preoperative Cone-Beam Computer Tomography (CBCT) scans with the volume of the removed stones on micro-
Computer Tomography (micro-CT) scans.

Material and Methods: In this study, using twenty-one submandibular sialoliths, the pretreatment volumes in-vivo
measured on CBCT were compared to the volumes of removed stones determined by micro-CT scans. The volume
measured on micro-CT scans served as the gold standard. Pre-operative CBCT’s and in-vitro micro-CT’s were
converted into standard tessellation language models (STL-models) using an image segmentation software pack-
age. The CBCT and micro-CT images of the stones were subsequently metrologically assessed and compared to
each other using reverse engineering software.

Results: Volumes of submandibular sialoliths determined by CBCT’s correlated significantly with volumes mea-
sured on micro-CT’s (Spearman’s coefficient r = 0.916). The interquartile range (IQR) for the volume measured
with micro-CT was 117.23. The median is 26.41. For the volume measured with CBCT the IQR was 141.3 and the
median 36.61. The average volume on micro-CT is smaller than on CBCT.

Conclusions: When using CBCT-scans for the detection of submandibular sialoliths one should realize that in-vivo
those stones are actually a fraction smaller than assessed on the preoperative scan. This is important when cut-off
values of sizes of stones are used in the pretreatment planning of stone removal.
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Introduction

Salivary stones are mineralized structures most often
located in the efferent ducts of the submandibular and
parotid glands and less often in the salivary gland itself.
This may cause, frequently mealtime related, obstruction
resulting in stasis of saliva causing recurrent swelling
and pain of the affected salivary gland. In some persis-
tent cases a bacterial sialoadenitis occur (1). Distribu-
tion of sialolithiasis in a large series, showed that 80%
were located in the submandibular duct system (53%
proximal/hilar, 37% distal, 10% intraparenchymal) and
20% in the parotid duct system (83% Stenson’s duct,
17% intraparenchymal) (2). For successful treatment
of sialolithiasis, exact pretreatment information on the
size, volume and location of the salivary stone are im-
portant so an informed choice can be made with regard
to the most suitable treatment modality. Over 50% of
salivary stones cannot clinically be reliable assessed by
palpation and/or location (2). Depending on the degree
of calcification, some salivary stones can be identified
as a radiopaque structure during radiographic examina-
tion, despite the relatively high percentage of inorganic
material. Various imaging techniques are used to detect
the possible presence of salivary stones in patients with
recurrent obstructive disease of the submandibular or
parotid gland such as occlusal radiograph, panoramic
radiograph, sialography, ultrasonography (US), spiral
computed tomography (CT) and cone-beam CT (CBCT)
and magnetic resonance sialography. CT and CBCT
scans are nowadays the preferred radiographic exami-
nation techniques for detecting the possible presence
of salivary stones with a reported high sensitivity and
specificity (3), whereby CBCT is more routinely prac-
tice because of the smaller radiation dose (30-80uSv)
and lower purchasing costs (4). Micro-CT is basically
a miniaturized version of a CT device optimized for
the micron imaging but cannot be used for diagnos-
tic examination because of the small scanning range.
The aim of the present study was to compare the volume
of salivary stones determined by preoperative CBCT
scans with the volume of the removed stones on micro-
CT scans in series of submandibular sialolithiasis.

Material and Methods

In the period from February 2013 to June 2016, in a con-
secutive series of patients at the department of Oral and
Maxillofacial Surgery of the Medical Centre Leeuwar-
den, the Netherlands, there were twenty-one patients
with submandibular salivary stones who had undergone
a pretreatment CBCT scan, in an upright sitting posi-
tion. The CBCT images were performed on a Vatech
Panoramic X-Ray System PaX-Zenith 3D radiographic
imaging device (Vatech, Gyeongg-do, Korea). The
scanning parameters were set at 105kV and 4,5mA. In
all cases a large field of view was used. The basic mag-
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nification [1,338] of the device when using a large field
of view is automatically corrected by the accompany-
ing software making the values of size and shape on the
scans correspond to reality.

Before micro-CT imaging, the obtained stones were
precisely placed in a medical glove and fixed using
polyether impression material Impregum™ Penta™
(Pentamix 3, 3M ESPE, Seefeld, Germany). The fixed
salivary stones were scanned using a micro-CT scan-
ner, uCT 40 Scanco Medical (Wangen-Briittisellen,
Switzerland). The calculated micro-CT volume served
as a ‘gold standard’ since the accuracy of a micro-CT
device is very high (5).

All measurements obtained from the CBCT and mi-
cro-CT images were calculated using OsiriX (Pixmeo
SARL, Bernex, Switzerland) and converted into 3D
standard tessellation language (STL) file format surface
models. The STL models were subsequently imported
into GOM Inspect reverse engineering software (GOM
GmbH, Braunschweig, Germany) where the distortion
was removed and the volume and surface of each stone
was measured. In a last step, all CBCT and their cor-
responding micro-CT STL models were superimposed
on each other using GOM software to assess volume
differences between the CBCT and micro-CT images.
Statistical analysis was performed with IBM SPSS Sta-
tistics for Windows version 26.0 (IBM Inc, Armonk,
NY), using Wilcoxon signed rank test and Spearman’s
rank order coefficient. P-values of 0.05 or less were con-
sidered statistically significant.

The current study followed the principles of the Helsinki
Declaration and was performed in accordance with the
guidelines of the Medical Ethic Committee of the Amster-
dam UMC location VUMC (protocol number 2012/127).

Results

Sialoliths were derived from 14 females and 7 males
with a mean age of 37 years (range 12-79). Fourteen si-
alolithiasis were located in the left and 7 in the right
submandibular ductal system. The stones were removed
by conventional surgery [7], sialendoscopy [10] and si-
alendoscopicaly assisted surgical approach (‘combined
approach’) [4]. The characteristics of the study popula-
tion are reported in Table 1. The mean volume of the
21 submandibular salivary stones on CBCT was 141,7
mm? (range 8.1 - 840 mm?) with a median of 36.61 and
an interquartile range of 141.3, which was significantly
larger than the mean volume on micro-CT of 103,5 mm?®
(range 4.5 - 619.1 mm?, median 26.41 and IQR 117.23).
(Wilcoxon test p = 0.001). On average, submandibular
stones measured 19.7% smaller on micro-CT than on
the pre-operative CBCT. The volumes determined by
CBCT correlated highly significant with the volumes
determined with micro-CT (Spearman’s coefficient r =
0.916, p < 0.0005) (Fig. 1, Fig. 2).
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Table 1: Characteristics of the study population.

Relation between volume of salivary stones in vivo and in vitro

Sample Gender Location Side pizzg:lcﬂe V:?g? € \g)]l;cn}e
1 1 M D R S 103.70 95.96
2 3 F D L SC 14.13 28.11
3 5 F D R SC 18.12 26.09
4 6 F D L SC 330.55 427.88
5 7 F D L S 10.57 14.36
6 8 F D L SC 12.31 26.47
7 10 F D R SC 12.69 8.12
8 11 M D L SC&S 66.05 89.27
9 12 F D R SC 10.76 18.52
10 15 M D L SC 21.08 36.61
11 16 M H&D R SC&S 122.32 140.49
12 19 F D L S 138.95 181.25
13 21 F H L S 619.07 839.95
14 22 F D L SC 4.50 9.03
15 24 F D L SC&S 15.18 28.27
16 27 F D L SC 33.18 50.24
17 30 M H L S 258.94 504.42
18 31 M D R SC 18.72 10.54
19 32 M D L S 26.41 20.63
20 33 F H L S 262.14 305.79
21 34 F D R SC&S 74.36 112.99

Volumes are in mm?®; Abbreviations: D=duct, H=hilus, S=surgical, SC=sialoendoscopy
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Fig. 1: Relation between the volume determined by both CB-CT and
micro-CT of 21 submandibular sialoliths. Data are expressed as mm?.

Discussion

Exact pretreatment information on the location, size,
volume and shape of a salivary stone is essential to
guide management and a wide variety of imaging mo-
dalities are available for this purpose e.g. MRI, extra
oral OPT or conventional X-ray. Each of these imaging
modalities has its own advantages and disadvantages
with regard to the use of ionizing radiation, costs, avail-
ability, and capability to visualize the ductal system (1).
The most-used techniques for the evaluation of the pos-
sible presence of salivary stones today are CBCT, US
and conventional 2D radiography (3,6). Based on recent
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Fig. 2: MUCT (blue, volume 258,94mm?) and CBCT (gray, volume
504,42mm?) STL-models projected on top of each other.

data, CBCT seems to be an imaging modality with high
specificity and positive predictive value, and even high-
er sensitivity and negative predictive value. This high
accuracy combined with low costs, high availability
and limited radiation exposure makes CBCT an ideal
first line imaging modality in patients with signs and
symptoms of obstructed major salivary glands (3). US
sensitivity for salivary stone detection is assumed to
be around 75% (7). Failure has been reported in cases
of small and semi-calcified stones. Calculi with a di-
ameter of less than 3 mm are most often missed at US
because they do not produce a dorsal acoustic shadow
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or because they are not hyperechoic with regard to
surrounding structures. The lack of a dorsal acoustic
shadow may depend not only on the size but also on
the chemical composition of calculi. Besides, calculi
within the distal duct are not shown accurately with US.
Recently it was reported that ultrasound measurements
of salivary stones in millimeters correlated highly with
ex vivo measurements after removal (7,8). Conventional
2D radiography is still routinely used in daily practice
nowadays. However, on panoramic radiographs, sali-
vary stones can be missed because they may be pro-
jected superimposed on bony structures or teeth. In
addition, occlusal and panoramic radiographs are two-
dimensional imaging modalities, with concomitant lim-
ited possibilities to determine the volume and shape of
the sialoliths (1,9).

Previous studies suggest that submandibular stones
with a diameter of less than 4 mm may be manageable
to sialendoscopical removal (10-12). Unfortunately, the
practical value of the current used cut-off value is lim-
ited, due to the use of various imaging techniques and
the fact that none of the studies indicated whether the
cut-off diameter concerned the widest cross section or
the longitudinal section.

The results of the present study suggest that when
CBCT-scans are used for the detection of submandibu-
lar salivary stones one should realize that in vivo those
stones are actually a fraction smaller than assessed on
the preoperative CBCT-scan. This finding is particu-
larly important when cut-off values of sizes of stones
are used in the pretreatment planning of stone removal.
A possible limitation of this study is the setting of the
voxel size on the CBCT device. Volume measurements
up to a voxel size of 200um (100um, 150um and 200w)
show no differences in measurements, despite a slight
tendency towards underestimation, which increases
with voxel size. At 300um and above, the underestima-
tion of measurements becomes statistically significant
(13,14). To overcome this limitation and to ensure that
one measures the actual volume of the stone, it is rec-
ommended to use the smallest voxel size possible.
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