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ABSTRACT

Here, we provide a case report of a 28-year-old woman diagnosed with arteriovenous malformation (AVM) of the 
submandibular gland (SMG). 14 phleboliths were visualized on the multi-slice computed tomography (MSCT) within 
the AVM and two calcifications were located 7-mm distant from AVM margins. Such AVMs and venous malformations 
are so-called in the literature as tumor-like vascular formations or “hemangiomas.” Ultrasonography (USG) and non-/
post-contrast MSCT, which helped to make a correct pre-operative diagnosis, are presented. In total, in this report the 
129 MSCT images are cinematically demonstrated. Also, the present case is enhanced by the pre-/intraoperative images, 
photographs of the specimen, removed phleboliths, and multiple histopathological images. Based on the literature 
review for the last 54 years and present case, the 19 cases with SMG malformations/hemangiomas were reported in 18 
patients which were published in 15 articles. In one patient, a bilateral SMG venous malformation was reported. At the 
same time, our case report is a first case study of the SMG AVM with phleboliths that highlights this rare pathology 
in three videos (as cine loops). Advantages of integration of the cine images into case studies are analyzed. Also, the 
“submandibular gland-arteriovenous malformation conglomerate” was proposed by our team as a term for description 
of similar cases.
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INTRODUCTION

Phleboliths are the calcifications of the non-
organized thrombi, often called “vein stones” (Wydler, 
1911; Culligan, 1926).1,2 Carter (2014) describes 
phleboliths as the calcified thrombi found in veins, 
venulae, or the sinusoidal vessels of hemangiomas.3 

Phleboliths can be found in different parts of the 
body, like pelvic veins (Rokitansky, 1856; Tanidir 
and colleagues, 2017)4,5 or different pathological 
entities (vascular malformations [Ishikawa and 
colleagues, 2021] so-called hemangiomas [Sasaki 
and colleagues, 2019] or cavernous lymphangiomas 
[Lee and colleagues, 2009]).6–8

Édouard Kirmisson (1905) was a first one 
who described phleboliths in the maxillofacial 
area (Kirmisson, 1905; Lerche, 1958; Ikegami 
and Nishijima, 1984)9–11 which are rare. Multiple 
literature sources describe vascular malformations/
tumor-like formations and phleboliths in different 
parts of head and neck region (Mandel and Perrino, 
2010; Hoffman, 2019)12,13. The vascular tumor-like 
formations/malformations of the/involving the 
submandibular glands (SMGs) and with phleboliths 
are even more rare. And as of June 2023, based on 
our search and on the data presented by Ishikawa 
and colleagues (2021)6 we found only 8 reliably 
confirmed cases.

The purpose of our report is to make a first 
presentation of SMG arteriovenous malformation 
(AVM) with numerous phleboliths depicted on 
multi-slice computed tomography (MSCT) cine 
images (129 scans for three planes—for axial, 
coronal, and sagittal one). The literature review of 
similar cases for the last 54 years is presented.

CASE REPORT

A 28-year-old female was referred to the 
Department of Maxillofacial Surgery with 
complaints of a painless neoplasm covering the left 
submandibular area and the lower part of the left 
parotid-masseter area. The aesthetic reason and 
growth of the mass were the patient’s only complaints. 
Visual examination showed that neoplasm entered 
the buccal area, rose slightly above the inferior 
margin of the mandible, lying on it. According to 
the patient, a first surgery was performed in this area 
15 years ago (that is, at the age of 13), as indicated 
by a 1.5-cm scar in the left submandibular area. 
The first operation was performed for a purulent-

inflammatory process, probably an abscess due to 
the suppurate lymphadenitis (i.e., adenoabscess). 
After the first surgery, the patient noticed the 
appearance and significant growth of a neoplasm in 
this area.

On palpation, the neoplasm had a soft-elastic 
consistency, mimicking a lipoma. A sufficient amount 
of clear saliva milked from the duct of the left SMG. 
No symptoms and signs typical for the obstructive 
sialadenitis were noted. The mouth opening and jaw 
movements were not limited.

The ultrasonography (USG) was performed by 
L.A.S. (32 years of experience in USG) using 12-3 
MHz linear transducer. The gray scale USG of the left 
submandibular region showed a large heterogeneous 
spongy lesion measured 5.5 × 4.5 cm (Fig 1). With 
color Doppler, the vascular loci in the projection of 
the neoplasm were not determined. Anechoic areas 
which represent microcystic intratumoral cavities 
are indicated on Figure 1.

A contrast enhanced MSCT revealed a 
soft tissue tumor-like formation the contours 
of which coincided with the contours of the 
caudally displaced left SMG (Fig 2). Tumor-like 
formation was visualized as a well-circumscribed, 
heterogenous, and low-density lesion. Multiple 
different sized round-shaped calcifications were 
noted at the periphery and within tumor tissue. The 
shape and localization of calcifications was typical 
for phleboliths.

The density of the three largest calcifications 
located inside or on the periphery of the tumor-
like formation was measured in Hounsfield units 
(HUs) by a ellipse measurement tool integrated in 
the eFilm LiteTM 2014 (version 4.0.3 [build 7973] 
2015, Merge Healthcare Inc, Chicago, Illinois, USA). 
The mean density of the calcifications was 1,098.96 
HU. The largest of the phleboliths was 0.5 × 0.5 cm 
and the smallest calcification was 0.1 × 0.1 cm. Even 
smaller ones were also presented. No calcifications 
were noted within both SMGs. Supplemental Video 
Content 1 (cine loops) demonstrates a sequence of 
contrast enhanced MSCT scans in axial projection 
(74 images). Video is available in the page of the 
full-text article on dtjournal.org and in the YouTube 
channel, available at https://www.youtube.com/
watch?v=d9V-cMb-0G0.

 Supplemental Video Content 2 (cine loops) 
demonstrates a sequence of contrast enhanced 
MSCT scans in coronal projection (27 images). 
Video is available in the page of the full-text 
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article on dtjournal.org and in the YouTube 
channel, available at https://www.youtube.com/
watch?v=0OjQciFDWYU.

Supplemental Video Content 3 (cine loops) 
demonstrates a sequence of contrast enhanced 
MSCT scans in sagittal projection (38 images). Video 
is available in the page of the full-text article on 
dtjournal.org and in the YouTube channel, available at 
https://www.youtube.com/watch?v=pLldJB32WCY.

The MSCT videos (cine loops) show the vascular 
malformation/tumor of the left SMG and numerous 
phleboliths. All three videos were prepared using (1) 
eFilm LiteTM 2014 for MSCT view and scans export in 
a jpeg format and (2) Camtasia Recorder 8 (version 
8.1.0 [build 1281] 2013, TechSmith Corporation, 
East Lansing, Michigan, USA) for the screen record 
of the exported number of MSCT scans in a cine 

loops manner.
Also, the MSCT revealed presence of a 0.5- × 

0.4-cm calcification (mean density 784.2 HU) 
located between the left medial pterygoid muscle 
and internal surface of the left mandibular ramus 
and a smaller one located within the left medial 
pterygoid muscle (Fig 3). In terms of shape 
and size, these two calcifications were also like 
phleboliths. Considering the distant location of 
the calcifications from the tumor tissue, left SMG 
and the fact of previously performed operation at 
the age of 13, we dare to put forward the theory 
that these two calcifications could be the result of 
trauma to the adjacent vessel during the previous 
intervention with the subsequent formation of 
calcification according to the principle of other 
existing phleboliths.

FIGURE 1. The gray scale sonogram of the left submandibular region shows a large heterogeneous spongy lesion (indicated by blue pen) measured 5.5 
× 4.5 cm. Arrowheads indicate some of the anechoic areas which represent microcystic intratumoral cavities. With color Doppler ultrasound, the vascular 
loci in the projection of the neoplasm were not determined. The “depth” of sonogram is 4.0 cm. Asterisk labels a caudally and medially displaced left 
submandibular gland with sonographic pattern typical for the nonobstructed gland. The “P” letter at the upper left corner of the sonogram indicates on 
the transducer’s side. Printed with permission and copyrights retained by L.A.S. and O.A.N.

THE PHLEBOLITHS

J DIAGN TREAT ORAL MAXILLOFAC PATHOL 2023; 7(7):63–86

https://www.dtjournal.org/
https://www.youtube.com/@videosofjdtomp9177
https://www.youtube.com/@videosofjdtomp9177
https://www.youtube.com/watch?v=0OjQciFDWYU
https://www.youtube.com/watch?v=0OjQciFDWYU
https://www.dtjournal.org/
https://www.youtube.com/@videosofjdtomp9177
https://www.youtube.com/watch?v=pLldJB32WCY


66

FIGURE 2. Axial contrast-enhanced MSCT scans (A–D) in Head Neck window. No calcifications are noted within the left SMG. Notes multiple different 
sized round-shaped phleboliths at the periphery and within AVM’s tissue. The larger phleboliths are marked with arrows. AVM is visualized as a well-
circumscribed, heterogenous, and low-density lesion. SMG, submandibular gland; AVM, arteriovenous malformation (so-called hemangioma or tumor-
like vascular formation). Printed with permission and copyrights retained by O.A.N.
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VIDEO 1. Supplemental Video Content 1 (cine loops) demonstrates a sequence of contrast-enhanced MSCT scans (74 images) in axial projection and 
Head Neck window. Image at 42 sec show the AVM of the left SMG and some of the phleboliths (arrows). AVM, arteriovenous malformation (so-called 
hemangioma or tumor-like formation). Video is available in the page of the full-text article on www.dtjournal.org and in the YouTube channel ‘Videos of 
JDTOMP,’ available at https://youtu.be/d9V-cMb-0G0. Total video’s duration: 1 min 17 sec. Video time of the image: 0 min 42 sec.

QR code leads to that video at Journal`s 
YouTube channel—Videos of JDTOMP

THE PHLEBOLITHS

J DIAGN TREAT ORAL MAXILLOFAC PATHOL 2023; 7(7):63–86

Time: 00:42 sec

https://youtu.be/d9V-cMb-0G0


68

VIDEO 2. Supplemental Video Content 2 (cine loops) demonstrates a sequence of contrast-enhanced MSCT scans (27 images) in coronal projection 
and Head Neck window. Image at 13 sec show the AVM of the left SMG and some of the phleboliths (arrows). MSCT scans show the left submandibular 
gland (SMG), arteriovenous malformation (AVM) connected to it (it feels as if AVM grows out of the SMG) and conglomerate of phleboliths (arrow) at 
the periphery of the AVM. Video is available in the page of the full-text article on www.dtjournal.org and in the YouTube channel ‘Videos of JDTOMP,’ 
available at https://youtu.be/0OjQciFDWYU. Total video’s duration: 0 min 33 sec. Video time of the image: 0 min 13 sec.

QR code leads to that video at Journal`s 
YouTube channel—Videos of JDTOMP
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VIDEO 3. Supplemental Video Content 3 (cine loops) demonstrates a sequence of contrast-enhanced MSCT scans (38 images) in sagittal projection. 
Scans show AVM of the left SMG and phleboliths. Video is available in the page of the full-text article on www.dtjournal.org and in the YouTube 
channel ‘Videos of JDTOMP,’ available at https://youtu.be/pLldJB32WCY. Total video’s duration: 0 min 46 sec. Video time of the image: 0 min 19 
sec. The sagittal scan at 19 second of the Video 3 shows that the contours of the left SMG and the tumor coincide, somewhat resembling a closed 
headphones box.

QR code leads to that video at Journal`s 
YouTube channel—Videos of JDTOMP
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After reviewing the pre- and postcontrast MSCT 
scans in all three planes and in Bone and Head Neck 
windows, we counted a total of 16 calcifications. 14 
calcifications were located within the tumor tissue 
and on its periphery, and two calcifications were 
located 7 mm far from the tumor tissue. The 1- × 
1-mm calcification was located within the left medial 
pterygoid muscle and 5- × 4-mm calcification was 
visualized at its periphery (Figs 4 and 5).

The preoperative diagnosis of left SMG 
hemangioma was established, and the surgery 
was recommended. Figure 6 demonstrates the 
preoperative view of the tumor and a scar from an 
operation performed by other surgeons at the age 
of 13. AVM’s and left SMG’s bed after its removal 
together with numerous phleboliths are shown in 
Figure 7.

When removing the neoplasm, the peripheral 
location of part of the phleboliths was proved. The 
calcifications were noted only in tumor-like formation 

and no calcifications (i.e., sialoliths) were noted within 
the SMG. All calcifications were round and localized 
in the periphery and in the thickness of the tumor. 
This confirmed the preoperative MSCT data.

During the operation, significant arterial bleeding 
was noted when trying to dissect the tumor and 
from its different areas. This explains the significant 
number of ligatures that can be seen on the specimen 
(Figs 8 and 9).

Pearl-like calcifications (i.e., phleboliths) 
macroscopically had a smooth, polished surface and 
a completely rounded shape (Fig 10), not typical for 
calculi of the salivary glands.

Removal of two calcifications located within 
the left medial pterygoid muscle and between the 
muscle and internal surface of the left mandibular 
ramus was not carried out. MSCT monitoring was 
recommended because phleboliths which are not 
involved into the tumor tissue require no treatment 
(Syed and colleagues, 2018)14.

FIGURE 3. The coronal MSCT scans in the Head Neck window. Comparison of native (i.e., non-contrast) (A) and contrast-enhanced (i.e., post-contrast) 
phase No 1 (B). Extralesional location of the larger phlebolith is marked with arrow. The round calcification located between the left medial pterygoid 
muscle and internal surface of left mandibular ramus is indicated by arrowhead. SMG, submandibular gland (left); AVM, arteriovenous malformation 
(so-called hemangioma or tumor-like vascular formation). Printed with permission and copyrights retained by O.A.N.
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FIGURE 4. The measurements on the coronal MSCT scans in the Head Neck window show the distances (indicated by ‘+’ calipers) from the margins 
of AVM tissue to two calcifications located 0.7 cm far from it. The 1- × 1-mm calcification notes within the left medial pterygoid muscle and 5- × 4-mm 
calcification visualized at its periphery. Printed with permission and copyrights retained by O.A.N.

FIGURE 5. Comparison of the axial MSCT scans at the same level in different MSCT windows, non- and post-contrast modes. A, non-contrast (Bone 
window); B, post-contrast (Bone window); C, post-contrast (Head Neck window). Notes a round 5- × 4-mm calcification (arrowhead) located between 
the left medial pterygoid muscle and internal surface of the left mandibular ramus. Printed with permission and copyrights retained by O.A.N.
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FIGURE 6. Preoperative photographs (A, B) show a soft tissue tumor-like formation (arrow) in the left perimandibular region. The arrowhead points to 
a scar from an operation performed by other surgeons at the age of 13. Printed with permission and copyrights retained by O.A.N.
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FIGURE 7. Intraoperative photograph demonstrates the bed of the left SMG and malformation after its removal together with numerous phleboliths. 
M, mandible; MM, mylohyoid muscle; PBDM, posterior belly of the digastric muscle. Printed with permission and copyrights retained by O.A.N.

FIGURE 8. Specimen after removal. Macroscopically, an atrophic left SMG is visualized, without noticeable changes characteristic of obstructive 
sialadenitis, such as fibro-fatty degeneration of the structure. SMG, submandibular gland; AVM, arteriovenous malformation so-called hemangioma or 
tumor-like vascular formation). Printed with permission and copyrights retained by O.A.N.
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FIGURE 9. Specimen after removal. A spongy internal structure of AVM is indicated by arrow. SMG, submandibular gland; AVM, arteriovenous 
malformation so-called hemangioma or tumor-like vascular formation). Printed with permission and copyrights retained by O.A.N.

FIGURE 10. Phleboliths after the removal. Printed with permission and copyrights retained by O.A.N.
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HISTOPATHOLOGIC EXAMINATION

Histopathologic examination by three 
experienced doctors-pathologists (V.I.Z. – 24 years 
of experience, P.P.S. – 19 years of experience, and 
A.P.C. – 41 years of experience) revealed salivary 
gland with focal lymphocytic infiltration; moderate 
expansion of the ducts is observed (Fig 11). A clear 
capsule separating the gland from the vascular 
formation is not observed, but the gland is not 
involved in the process, being slightly compressed 
(Fig 12). The vascular formation is represented by 
numerous blood vessels of different sizes and shapes 
of the lumen (from small slit-shaped to cavernous 
expanded irregular shapes), which are surrounded 
by fibrous tissue with inflammatory infiltration 
mainly by lymphocytes (Fig 13).

The vessels of AVM are all a pathological type. In 
vessels of smaller diameter, which are more similar 
in structure to arteries, the wall is thick, the lumen 
is deformed, there is a focal thickening of the intima 
with changes in the internal elastic membrane in 
the form of splitting and fragmentation. In places, 
the absence of endotheliocytes is observed. The 
wall of some vessels is almost completely replaced 
by connective tissue, which consists of altered and 
normal fibroblasts and contains improperly packed 
collagen fibers.

Vessels, which are more similar in structure 
to venous vessels, are more expanded, their 
wall is thin, although there are areas of uneven 
thickness, often with sclerosis. The intima has an 
uneven endothelial layer, the endotheliocytes are 
flattened, absent in many areas. The internal elastic 
membrane is absent or is found in isolated cases and 
is significantly fragmented. In the deformed lumen 
of the vessels, wall thrombi or thrombi covering the 
lumen are found, often with signs of recanalization. 
Layering of endothelial cells with the formation of 
multi-layered structures is sometimes noted (Fig 
14). An insufficiency of the subendothelial layer 
is observed. The subendothelial layer is found in a 
small number of vessels and is either hypertrophied 
or disorganized.

In the existing type of vessels, which is a cavity 
that does not have an endothelial lining, the lumen 
can be empty or filled with blood. In some vessels, 
blood clots with their organization at different 
levels are noted. The walls of these vessels consist 
only of collagen fibers. There is also a vessel of 
regular round shape with sclerosis of the wall and 

calcification of the lumen. Calcified masses are 
tightly attached to the wall, the endothelial lining is 
absent (Fig 15).

Most often, due to pronounced changes in the 
walls of vessels and the absence of structural elements 
inherent in arteries or veins, it is not possible to 
assess the type of vessels forming an AVM as arterial 
or venous.

Histopathological conclusion is chronic 
sialadenitis, AVM with pronounced fibrosis of vessels 
and surrounding tissues.

Buckmiller and colleagues (2007) applied the 
term “AVM involving the salivary gland” because 
in case of presence of AVM in neighboring to a 
salivary glands tissues it frequently involves the 
major/ minor salivary glands.15 This gives a different 
perspective on what was primary in the presented 
case – the AVM grew into the SMG, or the AVM 
grew from the SMG. 

According to Buckmiller and colleagues (2007), 
the AVM can infiltrate the minor/major salivary 
glands so that they are intimately involved.15 

Considering the data of Buckmiller and 
colleagues (2007),15 all the diagnostic, intraoperative, 
and histopathological data, it is possible to describe 
the presented AVM and its relation to the left SMG as 
a submandibular gland-arteriovenous malformation 
conglomerate.

In general, when establishing the final diagnosis of 
the AVM of the left SMG (so-called hemangioma or 
tumor-like vascular formation of the SMG)6,7, we were 
guided by the five types of data: (1) Ultrasonographic 
pattern, (2) MSCT data, (3) histopathological 
images/diagnosis established by three experienced 
histopathologists, (4) recommendations of Ishikawa 
and colleagues (2021)6, and (5) the fact of the 
extratumoral location of some phleboliths (that 
is, their location in different anatomical areas and 
planes [Bhargava and colleagues, 2011])16.

DISCUSSION

Establishing a preoperative diagnosis for a SMG 
vascular tumors or malformations is not an easy 
task. But considering certain important radiological 
signs, like presence of the phleboliths, and knowing 
the patterns of these lesions during different imaging 
modalities, the probability of establishing the correct 
diagnosis increases many times.

Multiple phlebolith-like calcifications can be 
noted in different parts of the head and neck area 

THE PHLEBOLITHS
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FIGURE 11. Chronic sialadenitis. Salivary gland with focal inflammation and dilation of the ducts. Staining: hematoxylin and eosin. Original magnification 
×200. Printed with permission and copyrights retained by V.I.Z.

FIGURE 12. Chronic sialadenitis. Arteriovenous malformation (AVM) of the submandibular gland. Staining: hematoxylin and eosin. Original 
magnification ×200. Printed with permission and copyrights retained by V.I.Z.
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FIGURE 13. Arteriovenous malformation (AVM) of the submandibular gland. Vessels of different sizes and lumen shapes (from small slit-like to 
cavernous-expanded irregular shapes), which are surrounded by fibrous tissue with inflammatory infiltration. The lumen is empty or filled with blood, 
in some vessels there are blood clots with different levels of organization. Staining: hematoxylin and eosin. Original magnification ×100. Printed with 
permission and copyrights retained by V.I.Z.

FIGURE 14. Arteriovenous malformation (AVM) of the submandibular gland. Layering of endothelial cells with the formation of multilayered structures 
(arrow) is noted. Staining: hematoxylin and eosin. Original magnification ×200. Printed with permission and copyrights retained by V.I.Z.
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FIGURE 15. Arteriovenous malformation (AVM) of the submandibular gland. A vessel of regular round shape with sclerosis of the wall and calcification 
(arrow) of the lumen is visualized. Calcified masses are tightly attached to the wall, the endothelial lining is absent (hematoxylin and eosin stain, original 
magnification ×100). Printed with permission and copyrights retained by V.I.Z.

(Buckmiller and colleagues, 2007; Baba and Kato, 
2011; Abrantes and colleagues, 2022)15,17,18 and even 
in the thyroid gland cavernous lymphangioma 
cases (Lee et al, 2009)8. Upon X-ray and computed 
tomography, the phleboliths typically shows onion-
like appearance (Mandel and Perrino, 2010).12 

Phleboliths of the parotid gland hemangiomas 
described as stones with smooth surface (Tymofieiev, 
2007).19 Choi and colleagues (2013) and Garry and 
colleagues (2022) demonstrate that phleboliths 
in the parotid glands can be different in shape 
comparing with the phleboliths in vascular lesions of 
the SMGs.20,21

Sepulveda and Buchanan (2014) emphasized 
the general differences between vascular tumors 
and malformations.22 And according to their data, 
vascular tumors are proliferative and vascular 
malformations are congenital abnormalities with 
proportional growth.22 This should be considered 
when establishing a diagnosis and when analyzing 
published cases. In the literature, there is some 
confusion when the diagnosis of malformation 
or hemangioma of the/involving the SMG is 

established.6

Review and comparison of the published 
cases with arteriovenous malformation/venous 
malformation/hemangioma of the SMGs and 
present patient revealed next results (Table 1).6 The 
purpose of presented Table 1 is to highlight those 
aspects of similar cases that were not paid attention 
to in the research of other authors.6 Among all 
reported patients (n = 18), 14 were females (77.77 
percent) and 4 males (22.22 percent). Totally, 19 
masses were reported in 18 patients. In one patient 
(5.55 percent) of 18 patients, a bilateral SMG venous 
vascular malformation was reported (Acharya and 
colleagues, 2011)29. The mean age of the patients 
was 37.94 years old (range, 7–70 years). In 17 cases, 
a noticeable growth of the mass was noted by the 
patients or relatives. Among the published cases 
and in our case, the presence of phleboliths was 
noted in 9 cases (47.36 percent). Next types of the 
histopathological diagnosis were established among 
the reported 17 histopathological diagnoses/cases: 
cavernous hemangioma – in 8 cases (47.05 percent), 
venous hemangioma – in 2 cases (11.76 percent), 
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arteriovenous malformation – in 2 cases (11.76 
percent), venous malformation – in 1 case (5.88 
percent), arteriovenous hemangioma – in one case 
(5.88 percent), and only two radiological diagnoses 
(only the radiological diagnoses were established 
due to the successful sclerotherapy [Acharya and 
colleagues, 2011])29 of venous vascular malformation 
in both SMGs were established in a single patient. 
In one of these two cases with the established 
radiological diagnosis a bilateral submandibular 
salivary gland venous vascular malformation, the 
excision of one lesion was not performed due to the 
small size of the lesion and no tendency to grow.

Study of Kowalik (1967) was excluded from the 
Table 1 due to the absence of access to the paper 
and its abstract.35 Nevertheless, it is worth noting 
that the title of their article indicates the described 
case of vascular tumor (cavernous angioma) with 
venous stones simulating sialolithiasis in the SMG. 
Unfortunately, from the title of the article alone, it 
is not clear whether it was a tumor-like formation 
somehow connected with the SMG or simply a 
formation of the submandibular area.

Discussing appearance of the tumor-like 
formations upon diagnostic imaging, among another 
18 cases, one case showed very similar coincidence 
of contours of the tumor and SMG on magnetic 
resonance imaging (MRI) (Sasaki and colleagues, 
2019)7 to the contours on MSCT in present case, one 
case had very similar MSCT appearance (Ishikawa 
and colleagues, 2021)6 to present case, and another 
one – almost identical ultrasonographic appearance 
of the lesion (Lee and colleagues, 2015)18.

A “clawlike” configuration (Wallace and 
colleagues, 2015)31 of the SMG and the mass on the 
MSCT suggested that the tumor was arising from 
the SMG rather than compressing it. In our case, the 
sagittal scans of the Video 3 show that the contours 
of the left SMG and the tumor coincide, somewhat 
resembling a closed headphones box. This tumor-
gland configuration is somewhat reminiscent 
the “clawlike” configuration, also radiologically 
suggested that the tumor was arising from the left 
SMG rather than compressing it.  

Among other cases which present sonographic 
description of arteriovenous malformation (so-
called hemangioma) of the SMGs, the sonographic 
appearance in the study of Lee and colleagues 
(2015)18 looks the most similar with our case. A SMG 
cavernous hemangioma in their study visualized as a 
well-circumscribed hypoechoic heterogeneous mass 

with multiple noticeable hypoechoic areas.
Similarly to urolithiasis (Tanidir and colleagues, 

2017),5 although the majority of the sialoliths/
phleboliths can be seen in X-ray images (Demidov 
and Khrulenko, 2021; O'Riordan, 1974)36,37 due their 
calcium composition, the gold standard imaging 
for salivary stone disease/vascular malformations 
is non enhanced computed tomography (van der 
Meij and colleagues, 2018; Ishikawa and colleagues, 
2021)38,6.

Presence of phleboliths is pathognomic feature 
of the hemangiomas (Altuğ and colleagues, 2007).39 

Bhat and colleagues (2014) emphasize that “multiple 
shining pearls” sign on a computed tomography is 
a hallmark for venous malformations.40 Bhat and 
colleagues (2014) insist on a crucial role of MSCT 
in verification and surgical management of vascular 
lesions of the head and neck region.40

Carter (2014) presented a schematic of panoramic 
x-ray demonstrating the typical geometry and 
location of selected soft tissue calcifications and 
ossifications including the phlebo- and sialoliths.3 

Our opinion, to this schematic should also be added 
the myositis ossificans of the masseteric muscles 
(Noffke and colleagues, 2015)41 and rhinoliths 
(Maheshwari and colleagues, 2021)42.

Comparison of the radiological features of 
sialoliths and phleboliths performed by O'Riordan 
in 1974 are presented in the Table 2.37

The authors (Gooi and colleagues, 2014; Ishikawa 
and colleagues, 2021)43,6 well covered how phleboliths 
look on MRI and their study can be used for the 
imaging comparison of the phleboliths appearances 
on different imaging modalities.

Larson and colleagues (2021) demonstrated how 
useful the computed tomography can be not only for 
the sialoliths detection, but also for the atrophic/fat-
replaced SMG visualization.44

Our case confirms the feasibility of distinguishing 
the SMG vascular malformation (so-called 
hemangioma [Sasaki and colleagues, 2019])7 and 
submandibular triangle hemangioma (Hopkins, 
1969; Cho and colleagues, 2012)45,46. In case of 
submandibular triangle hemangioma, the SMG is 
removed in most cases to obtain a wide surgical field 
and to control bleeding (Cho and colleagues, 2012)46 

or because of SMG adjacency (Ozturk and colleagues, 
2013)47. Data indicate that submandibular triangle 
(Cho and colleagues, 2012)46 and floor of mouth 
(Baba and Kato, 2011)17 hemangiomas may also 
contain numerous phleboliths.
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80 TABLE 1. Results of the literature search of Ishikawa and colleagues (2021)6 was modified and supplemented by other data and present case. (Table 1 continued on next page.)

# Study
Gender/

age

SMG/

noticeable 

growth of 

the lesion

X-ray US

CT/

cine 

loops 

in the 

study

MRI
Number of 

calcifications

Shape and 

surface of 

calcifications 

on X-ray

/CT/MRI/

US

Shape and 

surface of 

calcifications 

macroscopically

Location of 

calcifications

(TLF, SMG, or 

neighboring 

anatomical 

structures) 

HPD

1

Bowerman 

and Rowe 

(1970)23

F/from 

16 to 23
R/yes

X-Ray 

and S
- -/- - One

Round/

smooth
-

Extraglandular 

and extraductal 

location of 

phlebolith

Cavernous 

hemangioma

2

McMenamin 

and 

colleagues 

(1997)24

F/37 R/yes + - +/- - Multiple
Round/

smooth
Pearl view TLF

Cavernous 

hemangioma of 

SMG

3

El-Hakim 

and 

colleagues 

(1999)25

F/35 L/yes + + -/- - No evidence - - -
Cavernous 

hemangioma

4

Singh and 

colleagues 

(2001)26

F/20 L/yes S + -/- - One - - TLF

Arteriovenous 

hemangioma 

involving the 

SMG

5

Chuang and 

colleagues 

(2005)27

M/66 L/yes - - +/- - One
Round/

smooth
- TLF

Cavernous 

hemangioma
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# Study Gender/
age

SMG/
noticeable 
growth of 
the lesion

X-ray US

CT/
cine 

loops 
in the 
study

MRI Number of 
calcifications

Shape and 

surface of 

calcifications 

on X-ray

/CT/MRI/

US

Shape and 

surface of 

calcifications 

macroscopically

Location of 

calcifications

(TLF, SMG, or 

neighboring 

anatomical 

structures) 

HPD

6

Kumar and 

colleagues 

(2010)28

3 Fs, 1 

M/37/35/

47/20

3 L, 1 R. 

Yes
- - +/- - No evidence - - -

Cavernous 

hemangioma

7

Acharya and 

colleagues 

(2011)29

M/24

L/yes + + +/- + Multiple
Round/

smooth
- TLF

RD: Bilateral 

venous 

malformation of 

the SMGs
R/no + + +/- + No evidence - - -

8

Aynalı and 

colleagues 

(2014)30

M/7 R/yes - - +/- - Multiple
Round/

smooth
Pearl view TLF

Cavernous 

hemangioma

9

Wallace and 

colleagues 

(2014)31

F/70 R/yes - + +/- - No evidence - - -
Venous 

hemangioma

10

Lee and 

colleagues 

(2015)32

F/34 R/yes - + +/- - No evidence - - -
Cavernous 

hemangioma

11

Azadarmaki 

and 

colleagues 

(2016)33

F/52 R/yes - - +/- - No evidence - - -
Cavernous 

hemangioma

TABLE 1 (continued). Results of the literature search of Ishikawa and colleagues (2021)6 was modified and supplemented by other data and present case. (Table 1 continued on next page.)
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82 TABLE 1 (continued). Results of the literature search of Ishikawa and colleagues (2021)6 was modified and supplemented by other data and present case.

# Study Gender/
age

SMG/
noticeable 
growth of 
the lesion

X-ray US

CT/
cine 

loops 
in the 
study

MRI Number of 
calcifications

Shape and 
surface of 

calcifications 
on X-ray

/CT/MRI/
US

Shape and 

surface of 

calcifications 

macroscopically

Location of 
calcifications

(TLF, SMG, or 
neighboring 
anatomical 
structures) 

HPD

12

Sasaki and 

colleagues 

(2019)7

F/31 R/yes

X-ray 

of the 

resected 

specimen

- -/- + Multiple
Round/

smooth
- TLF

Venous 

hemangioma of 

SMG 

13

Boyes and 

colleagues 

(2019)34

F/63 R/yes - + -/- - No evidence - - - AVM

14

Ishikawa and 

colleagues 

(2021)6

F/54 R/no + + +/- + Multiple
Round/

smooth
Pearl view TLF

Venous 

malformation

15
Present case 

(2023)
F/28 L/yes - + +/+ -

Multiple (16 

phleboliths)

Round/

smooth
Pearl view TLF

AVM involving 

the SMG

AVM, arteriovenous malformation; CT, computed tomography; F, female; HPD, histopathological diagnosis; M, male; MRI; magnetic resonance imaging; L, left; R, right; RD, radiological diagnosis; S, sialography; 
SMG, submandibular gland; TLF, tumor-like formation; US, ultrasound.
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Radiopacity Shape Number Sialography appearance

Sialoliths
Uniformly radiopaque. Can be laminated if 

large, especially in SMG
Usually elongated due to 

the shape of the duct
1-2

Filling defect at site of 
salivary stone location

Phleboliths
Usually laminated with radiopaque center 
or nucleus, sometimes radiolucent center. 

Uniformly radiopaque if small
Usually round-shaped Numerous

Located outside the duct 
system

TABLE 2. Comparison of radiological features of sialo- and phleboliths (O'Riordan, 1974).37

SMG, submandibular gland.

The fact of possible cases of the presence of a 
hemangioma without connection to the SMG is 
confirmed by a case of bilateral SMG aplasia but with 
an existing submandibular hemangioma (Iguchi and 
colleagues, 2011)48.

The shape of the calcifications noted within the 
left medial pterygoid muscle and at its periphery in 
the presented case are different from the calcification 
process typical for the myositis ossificans of the 
medial and/or lateral pterygoid muscles (Thangavelu 
and colleagues, 2014; Almeida and colleagues, 2014; 
Boffano and colleagues, 2014; Jiang and colleagues, 
2015)49–52. It should be added that the patient had no 
complaints typical of myositis. Although this patient 
could hypothetically have an injury to the medial 
pterygoid muscle during the first intervention, 
the shape and size of the calcifications are not 
characteristic of myositis ossificans traumatica 
(Jayade and colleagues, 2013; Karaali and Emekli, 
2018)53,54.

Moreover, Kato and colleagues (2012) noticed 
that phleboliths can be noted in the portions of 
the masseter muscle.55 Syed and colleagues (2018) 
presented the numerous phleboliths located within 
pterygoid plexus.14 Bhargava and colleagues (2011) 
presented a parapharyngeal hemangioma with 
numerous phleboliths involving multiple intraoral 
structures and orofacial spaces in a 30-year-old 
male patient.16 Also in 2011, Cho and colleagues 
highlighted another parapharyngeal hemangioma, 
the phleboliths’ location of which was limited only 
by the parapharyngeal space.56 Sano and colleagues 
(1988) presented a profound structural analysis of 
the phleboliths noted in buccal hemangiomas.57

Sisk and colleagues (2012) are right when report 
that combination of cine computed tomography 
scans and the best static images will allow best 
surgical planning.58 The literature review revealed 
no cine loops presentation of AVM of the SMG 
in the available English-language publications. A 

cinematic presentation of the 129 MSCT images 
that are highlighted in this case study allow to make 
better understanding by readers of (1) the number 
and precise location of the phleboliths, (2) margins, 
location and spread of the SMG AVM (so-called 
hemangioma), and (3) the volume of surgery.

CONCLUSIONS

Our report demonstrated a unique case of 
arteriovenous malformation of the submandibular 
gland in a 28-year-old female patient, the noticeable 
growth of which was initiated by surgical trauma 
in adolescence. Analysis of cine images (i.e., cine 
loops) of non-contrast and contrast enhanced 
multi-slice computed tomography increases 
preoperative understanding of the arteriovenous 
malformation’s relation to the salivary gland and 
neighboring structures, number of calcifications, 
helps to make correct planning of the surgery, and 
educates practitioners in case of integration of the 
cine images into the peer-reviewed publications.
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