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Objectives: Inflammations of the maxillofacial regions are a frequent occurrence. They areusually of odon-
togenic origin, but maxillofacial swelling could also have non-odontogenic causes. Their clinical presenta-
tion is worrisome for the patient, presenting as swellings of the region with rapid and significant expansion
to adjacent areas due to the thin and delicate nature of the regional soft tissues. Materials and methods:
The characteristic features are discussed upon the presentation of a case series of the most common types
of inflammation seen in the region. Results: In most hospital emergency departments, ultrasound scanning
is readily accessible, and typically constitutes the first-line imaging modality for this entity. Nevertheless,
the role of ultrasound imaging is limited in cases with deep extension of the inflammation, where cross-
sectional imaging with CT or MRI will be the modality of choice. This manuscript aims to present the
characteristic features of various inflammatory conditions of the maxillofacial area seen on ultrasonog-
raphy. Conclusions: Even though maxillofacial inflammations are often treated without imaging in their
initial phase, ultrasound can provide aninexpensive, easy-to-use, and readily available alternative that best
visualizes the characteristics and expansion patterns of the lesions, based on their origin and area of initial
B presentation.

Introduction ports on the inflammation expansion pattern. The aim of this study
is to review the literature on the applications of ultrasonography in
the assessment and differential diagnosis of odontogenic infections

and their ultrasound imaging characteristics in the facial region. The

Maxillofacial infections represent a significant proportion of daily
dental problems. Typically, inflammatory dental conditions are

limited to the osseous structures of the jaws. However, a significant
number of infections may also expand to the adjacent soft tissues of
the region™. The differential diagnosis of a soft tissue infection and
the determination on whether it is an abscess (fluctuance) or cel-
lulitis may be difficult clinically, but it is very important, as the con-
ditions require different treatments®. Swelling spreading through
the adjacent soft tissue and dissecting tissue spaces along adjacent
fascial planes is considered to be diffuse swelling or cellulitis®. Fre-
quently, the two conditions coexist, as an abscess often begins as cel-
lulitis. Accurate diagnosis may be difficult, and may lead to missed
abscesses and/or unnecessary invasive procedures. In the literature,
there have been numerous papers on the differentiation of both con-
ditions with the use of ultrasonography, however there are few re-

topicis of high significance, since in many cases odontogenic infec-
tions spread to facial structures and tissues, and can be easily misdi-
agnosed by doctors of many specialties.

Materials and methods

Within a two-year timeframe, various cases of maxillofacial in-
fections and abscesses were retrospectively collected from the
Departmentsdatabase, to review and analyze their imaging charac-
teristics and expansion patterns with ultrasonography (US). Even
though many were of odontogenic origin (27 in number), there were
additional 14 cases that originated fromsalivary gland inflammation.
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Fig. 1. Periapical abscess. B-mode (A) Transverse view of the left buccal region shows a well-defined anechoic cavity with thickened hypoechoic wall of ill-defined
borders, adjacent to the mandible. Color Doppler (B) No internal blood flow within the cavity, with vascularity of the surrounding tissue
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Fig. 2. Comparison with the normal contralateral side. B-mode (A) Sagittal scans of the same area on both sides demonstrating aperiapical abscess on the left.
Color Doppler (B) Increased vascularity of the surrounding inflammatory tissue. Note the appearance of adjacent subcutaneous tissues, which are more
hyperechoic, and the loss of differentiation on the left due to edema from associated cellulitis

This can be easily differentiated with US, and the various imaging fea-  tend to the fascial spaces, which can be classified as primary max-
tures of odontogenic and non-odontogenic infections of the maxillo-  illary spaces, primary mandibular spaces, and secondary fascial
facial region are analyzed based on a number of characteristic cases. ~ spaces. As the inflammatory infiltration spreads, it can lead to cel-

lulitis and ultimately progress to the formation of an abscess. In this

particular case, the infection spread to the buccal vestibular space,
Case 1. Odontogenic abscess one of the primary mandibular spaces, and resulted in the forma-

tion of an abscess (Fig. 1, Fig. 2). The presence of the abscess cavity
Case 1 shows a characteristic clearly seen in odontogenic infections  and the thickening-distortion of the subcutaneous tissues, which
which, if not treated properly, can spread into the surrounding tis-  are indicative of cellulitis, suggests that they may represent different
sues. More specifically, through the periradicular tissues it can ex-  stages of infection, but their coexistence should be expected.
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Case 2. Intraparotid abscess

Case 2 shows an infection of the parotid gland which most fre-
quently arises from ascending infection via Stensen’s duct, or from
bacteremia or viremia. The most common pathogen associated with
acute bacterial parotitis and head and neck abscesses is Staphylococ-
cus aureus, both in adults and pediatrics patients. In most cases, so-
nography is considered the first-line imaging technique for the eval-
uation of the parotid gland. This is because, thanks to its superficial
position, most parts are easily accessible, and only a little portion
of the parotid gland may be hidden by the acoustic shadow of the
mandible. If combined with color Doppler, sonography is impor-
tant not only in the diagnostic work-up, but also in the evaluation
of therapeutic efficacy and as a guide to the aspiration and drainage
of abscesses (Fig. 3, Fig. 4). In many cases wherethe inflammation
expands to adjacent tissues, the lymph nodes of the adjacent area
might be affected, as seen in the case shown in Fig. 5.

Case 3. Cervical abscess

This is a patient with inflammation spreading to the neck, with cel-
lulitis of the region. Soft tissue infection is a common clinical prob-
lem, and US is a low-cost imaging modality that can guide therapeutic
decisions. Cellulitis can be effectively treated with antibiotics, but the

formation of an abscess may require drainage, either surgical or im-
age-guided. On US, early in the process of cellulitis, the skin and sub-
cutaneous tissue appear thickened and hyperechoic because of the in-
flammatory infiltration. Also, the differentiation of the subcutaneous
tissue is lost, and the normal hypoechoic regions with the hyperechoic
septations of the adipose tissue cannot be visualized. At a later stage,
there may be interdigitating reticular strands of hypoechogenicity
representing interstitial inflammatory exudate, also known as the
“cobblestone” pattern. As the inflammatory process evolves, there
may be a transitional stage where the tissues become mixed in echo-
genicity (hypoechoic and hyperechoic), indicating the end of the cel-
lulitis and the onset of abscess formation, though the two conditions
coexist in many cases, This is clearly seen in this case (Fig. 6) where
there is a clear multilobulated anechoic lesion with relatively well de-
fined borders, viscous content, internal debris and acoustic enhance-
ment. The development of an associated abscess, as in this case, is an
important finding to diagnose. Abscesses can have a variable appear-
ance on ultrasound. An abscess border may be either well-defined or
ill-defined and infiltrative. There may also be a surrounding rim of
hyperemic, thickened soft tissue. The internal liquefied material may
demonstrate an anechoic, hypoechoic, or complex echogenic appear-
ance, with internal septations and low-level echoes. Foci of echogenic
gas, with associated ill-defined shadowing and reverberation artifacts,
may be present within the abscess. Dynamic compression of the ab-
scess induces swirling of the echogenic debris.

Fig. 3. Intraparotid abscess. B-mode (A) Enlarged heterogeneous right parotid
gland. Hypoechoic lesion with irregular margins, internal septations
and echoes within the superficial lobe of the gland with some exten-
sion to the deep lobe. Color Doppler (B), power Doppler (C) Peripheral
vascularity of the lesion with no internal blood flow and significantly
increased vascularity of the surrounding inflammatory parenchyma
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Fig. 4. Comparison with the normal contralateral side. B-mode (A) Right parotid gland with intraparotid abscess. B-mode (B) Left normal parotid gland. Note the
heterogeneity and increased size of the right parotid gland in comparison with the left, but also the thickening and distortion of the surrounding subcutane-
ous tissue. On the left side, the subcutaneous tissues are more hypoechoic, with normal hyperechoic septations within the adipose tissue

Fig. 5. Adjacent cervical lymphadenopathy. B-mode (A) Enlarged hypoechoic lymph nodes with oval shape and an echogenic hilus. Spectral Doppler (B) These
reactive lymph nodes show hilar vascularity with low resistance index (RI) of 0.49

Case 4. Odontogenic abscess in submandibular region

Odontogenic abscess in the submandibular region presenting as
a hypoechoic heterogeneous lesion without a clear content and with
ill-defined/infiltrative borders. The lesion extends from the surface
of the mandible to the surface of skin. Color Doppler in the second
image shows no blood flow within the lesion, but an increased vas-
cularity of the surrounding tissues and two reactive lymph nodes
next to it (level IB) as seen in Fig. 7 and Fig. 8. Looking at Fig. 8, it
should be noted that the hypoechoic lesion is in direct contact with
the cortex of the mandible, causing small bony deficits and a charac-
teristic cobblestone pattern.

Case 5. Intraparotid abscess

An intraparotid abscess which presents as an anechoic lesion with an
irregular shape, as expected in inflammatory conditions. The lesion
shows varying internal echoes and echogenicity within the right pa-
rotid gland. Note the heterogeneity of the gland and the hyperechoic
adjacent subcutaneous tissue (Fig. 9). The abscess appears as a char-
acteristically anechoic cavity with internal debris, as seen in Fig. 10,
while the use of color Doppler (Fig. 10B) revealsno internal blood
flow and peripheral hyperemia. The same lesion shows the adjacent
lymph nodes which, with the use of spectral Doppler, demonstrate
vascularity with a low resistance index (RI) of 0.5 (Fig. 10, Fig. 11).

J Ultrason 2023; 23: e80-e89
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Fig. 6. Cervical abscess. B-mode (A) Multilobulated anechoic lesion with
relatively well-defined borders, viscous content, internal debris and
acoustic enhancement. Hypoechoic appearance of the circumjacent
tissue. Color Doppler (B) No internal blood flow within the ab
cavity. B-mode (C) Heterogeneous appearance and thickening of the
muscles, representing myositis. Hyperechoic subcutaneous tissue with
hypoechoic striations, indicating adjacent cellulitis

Fig. 7. Odontogenic abscess in the submandibular region. B-mode (A) Hypoechoic heterogeneous lesion with ill-defined/infiltrative borders. The lesion extends
from the surface of the mandible to the surface of skin. Color Doppler (B) No blood flow within the lesion, increased vascularity of the surrounding tissue
and two reactive lymph nodes next to it (level IB)

J Ultrason 2023; 23: e80-e89
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INFLAMMATION

MANDIBLE

Fig. 8. Bone involvement. The hypoechoic lesion is in direct contact with the cortex of the mandible, forming small bony deficits

Fig. 9. Intraparotid abscess. B-mode (A, B) Anechoic lesion with irregular shape, ill-defined borders and internal echoes within the right parotid gland. Note the
heterogeneity of the gland and the hyperechoic subcutaneous tissue

Fig. 10. Intraparotid abscess. B-mode (A) Anechoic cavity with internal debris represents the abscess. Color Doppler (B) No internal blood flow and peripheral
hyperemia

J Ultrason 2023; 23: e80-e89
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Fig. 11. Adjacent cervical lymphadenopathy. B-mode (A) Multiple hypoechoic lymph nodes ipsilateral to the intraparotid abscess. Spectral Doppler (B) These
reactive lymph nodes have oval shape and hilar vascularity with low resistance index (RI) of 0.5

LOGIQ!
B

Fig. 12. Maxillary abscess. B-modeshows a large hypoechoic multiloculated mass with viscous content and internal debris. The inflammation extends to the
surrounding soft tissues, causing a distorted echotexture. Hyperechoic appearance and hypoechoic striations seen in the subcutaneous tissues, indicating

cellulitis

Case 6. Maxillary abscess

Case 6 presents a case of maxillary abscess, appearing on B-mode
ultrasound as a large hypoechoic multiloculated mass with viscous
content and internal debris. The inflammation extends to the sur-
rounding soft tissues with distorted echotexture. Hyperechoic ap-
pearance and hypoechoic striations in the subcutaneous tissues,
indicative of cellulitis, are characteristic features. In these cases, US
was used to identify and characterize the infection of soft tissues. B-
mode imaging modality can show the extent, maturity, and struc-
tural features such as loculations (potential internal chambers)
and internal content. Color and power Doppler can establish the
presence of blood flow in the lesion and surrounding tissues. New
techniques are also being studied for their potential contribution
to the accurate diagnosisof the stage of soft-tissue infections. Con-
trast-enhanced ultrasound (CEUS) has been used to distinguish
between inflammatory tissue that may represent early infection
(phlegmons), and fully developed mature abscesses by measuring
the level of enhancement within the infected tissue. Full enhance-

ment within the tissue signifies a phlegmon (cellulitis), while the
lack of internal enhancement is a sign of a mature abscess contain-
ing potentiallydrainable fluid. Elastography has also been report-
ed as a potential modality to diagnose and characterize abscesses
(Fig. 12, Fig. 13)67,

Case 7. Intraparotid abscess with sialolithiasis

Case 7 demonstrates the final type of characteristic inflammation of
the maxillofacial region, namely the intraparotid abscess with sialo-
lithiasis. In such cases, the use of B-flow US shows a hypoechoic het-
erogeneous intraparotid mass located in the deep lobe of the right
parotid gland, with poorly defined margins, thick internal echoes
and hyperechoic foci representing small stones (microlithiasis). In
the present case, there is an enlarged right parotid gland with mod-
erately dilated ducts and edematous appearance of Stensen’s duct
(Fig. 14 and Fig. 15).
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Fig. 13. Maxillary abscess. Color Doppler shows no internal blood flow with
increased vascularity of the surrounding tiss

Discussion

Clinically, there are differences between cellulitis and an abscess,
relating primarily to the appearance of fluctuance in the latter case.
Cellulitis is the initial presentation of an infection and it is an acute
process. An abscess, while also acute, is often considered to be the
evolution phase of clinical swelling. The standard criterion for deter-
mining the presence of an abscess in patients clinically is the dem-
onstration of pus and the formation of a fluctuant point. Also, the

pain described by patients with cellulitis tends to be more severe and

generalized than the localized pain associated with an abscess®®.
Numerous studies have established the differential diagnostic fea-
tures of maxillofacial infections.

It has been suggested both in the medical and dental literature that

US can help establish the diagnosis of swelling and determine the

Fig. 14. Intraparotid abscess with sialolithiasis. B-mode (A) Hypoechoic het-
erogeneous intraparotid mass located in the deep lobe of the right pa-
rotid gland. It has poorly defined margins, thick internal echoes and
hyperechoic foci representing small stones (microlithiasis). B-mode (B)
Enlarged right parotid gland with moderately dilated ducts and edem-
atous appearance of Stensen’s duct

Fig. 15. Intraparotid abscess. B-mode (A) Anechoic lesion with a thickened wall and internal septations. Color Doppler (B) Increased vascularity of the round

tissue

J Ultrason 2023; 23: e80-e89
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exact location of an abscess to allow for a more accurate sitefor an
incision, should drainage be required®>*-14,

US is a quick, widely available, inexpensive, and relatively painless
imaging modality, and can be repeated as often as necessary without
any risk to the patient. Also, the images are often easy to compare
between various examinations performed in the same patient'?.

Ramirez-Schrempp et al.®) stated that “Ultrasound is an efficient,
noninvasive diagnostic tool which can augment the physician’s clini-
cal examination. Ultrasound has been shown to be superior to clini-
cal judgement alone in determining the presence or the absence of
occult abscess formation, ensuring appropriate management, and
limiting unnecessary invasive procedures”®.

The question is which of those features can help dentists determine
the type of inflammatory lesion they are dealing with. On ultrasound,
skin has an organized pattern and is depicted on the near field of the
image. The dermis and epidermis are bright and hyperechoic relative
to the subcutaneous tissues, which are more hypoechoic. The echo-
genicities of tissues in the inflammatory lesions are isoechoic, similar
to the normal or uninfected side but with an increased fluid content.
In cellulitis, the tissues appearhyperechoic because of the massive in-
flammatory infiltration. In the pre-abscess stage, the tissues appear
mixed (both hypoechoic and hyperechoic), indicating that the swell-
ing is at the end of the cellulitis stage and at the onset of the abscess
formation stage. In the abscess stage, the echogenicity of the tissues
isanechoic (absent) because of the abscess cavity. An abscess has also
been described as a heterogeneous, anechoic, or hypoechoic mass
that contains a variable amount of internal echoes. They are usually
spherical in shape, with ill-defined borders, and the movement or
“swirling” of the pus may be seen. The movement of an abscess’s inter-
nal content can be induced by any maneuver of the probe over the ab-
scess or by turning on the spectral Doppler mode or power Doppler
technique, increasing the ultrasound beam’s magnitude. The cellulitis
type of swelling has also been described to show a thickening and
diffuse hyperechogenicity commonly referred to as “cobblestoning”?.

Squire et al.? showed that US is easy to use, and after only a 30-min-
ute instruction and hands-on training session, both emergency phy-
sicians and residents were able to accurately differentiate between an
abscess and cellulitis. The teaching portion consisted of images and
video clips of abscesses and cellulitis,whilethe hands-on portion al-
lowed the physicians and residents to perform scans on healthy vol-
unteers®. Nevertheless, it is not advisable for medical practitioners
to perform US examinations, unless they are fully trained and certi-
fied based on the international guidelines and recommendations®.

A study by Squire et al.® sought to determine the sensitivity and
specificity of the accuracy of clinical examination and ultrasound in
odontogenic infections®. In this study, the authors found that the
sensitivity of clinical examination for abscesses was 86% and the
specificity was 70%, while those figures increased to 98% and 88%,
respectively, with the use of US.

Studies on the applications of US in the differential diagnosis of in-
flammatory maxillofacial lesions have beenpublished since 1987,
when Siegert"® used US to investigate inflammatory soft tissue swell-
ing of the head and neck region and compared it to the clinical ex-
amination. The final diagnosis was determined on the basis of either
surgical intervention or resolution due to nonsurgical treatment. Sev-

enty-nine patients were examined in the study, and a classification sys-
tem consisting of five categories was used to assign to the US images.

Class I was edema, and three patients (4%) were found to fall into
this category. Class IT was the infiltrate category in which 24 patients
(30%) were grouped. The pre-abscess category, class III, showed an
infiltrate with slight or not well-delineated echo reduction. Twelve
patients (15%) were included in this category. Classes 4 and 5 were
considered to be the abscess category, with 40 patients (51%), split
into two types, classified in this group.

One of the major advantages of US is that it can readily determine
the exact border and extent of a lesion, confirming masticator, para-
pharyngeal and sublingual space involvement. US is helpful in stag-
ing the infections from edematous changes to cellulitis and abscess
formation.

Regarding the spaces where inflammation spreads:

The sublingual space becomes infected when a mandibular tooth
infection erodes through the cortical plate and the apex or apices
of the involved tooth lie above the mylohyoid muscle attachment.

The submandibular space is located between the mylohyoid muscle
superiorly and the platysma inferiorly, and it communicates with the
secondary fascial spaces posteriorly. Thespace becomes involved in
mandibular posterior tooth infections, as the apices of the tooth lie
below the mylohyoid muscle attachment.

In a previous study by our group"®, Ludwig angina (LA) is described
as a type of rapidly evolving cellulitis of the upper neck area. It is dif-
fused inflammation of bacterial origin and its expansion occurs by
tissue continuity. In most cases, it extends to various neck spaces,
involving the sublingual submandibular and submental spaces'”.
Ludwig angina spreads fromthe original source of infection, which
is dental, usually an untreated or undiagnosed dental abscess The
condition can also arise from otitis media, tongue piercing, sialade-
nitis, or sialolithiasis of the submandibular glands®**-*. In advanced
cases, airway obstruction is the major problem that presents, while
other complications of the condition include pneumothorax®V,
thoracic empyema®!, septicemia etc?*??. The use of ultrasound for
evaluating the extent of the condition is not often reported (and it is
reported as isolated case reports) in the literature, though modern
imaging systemsallow for an advanced and detailed estimation of
the extent of infection and its possible spread into the surrounding
tissues®. In many cases, ultrasonography is the initial radiographic
examination of choice. This is because it is readily available in hos-
pital emergency departments, it visualizes soft tissues with enough
detail to set the initial diagnosis in most cases, and it involves no
radiation exposure to the patient®?.

The cervical spaces include the lateral pharyngeal, retropharyngeal,
prevertebral, and pretracheal spaces. The lateral pharyngeal space
lies between the medial pterygoid muscle laterally and the superior
constrictor muscle medially, the base of the skull superiorly and the
hyoid bone inferiorly, the pterygomandibular raphe anteriorly and
the prevertebral fascia or carotid space posteriorly®®. When this
space is involved, the infection is severe, and it progresses rapidly.

The retropharyngeal space is defined by the superior constrictor
muscles anteriorly, the prevertebral fascia posteriorly, and the retro-
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esophageal space inferiorly, which extends into the posterior com-
partment of the mediastinum®®. The major concern associated with
infections developing in this space is that they can spread inferiorly
into the mediastinum very rapidly, with infection of the mediasti-
num being a serious complication®®.

Overall, the management and treatment of swelling may depend
upon the stage of infection. Although the most frequent expan-
sion course is the one of minimum resistance in the maxillofacial
region, where the tissues are thin and delicate and show thin layers,
the spread of inflammation can be both rapid and worrying to the
patient. The majority of cases are handled without ultrasonography,
and in many cases patients are given large amounts of radiation that
could be avoided with ultrasonography.

Conclusions

Even though maxillofacial inflammations are often treated without
imaging in their initial phase, ultrasound can provide an inexpen-
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