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ABSTRACT

The complex existence of fascial spaces in the head and neck remain vague and difficult to
visualize for prospective students. This may be due to historical disagreement on the
nomenclature and having only cross-sectional images, which prove inefficient in illustrating
every aspect of a fascial space. This raises concern for fundamental knowledge on anatomical
relationships found in the head and neck. The objective of this study is to design a learning
module that demonstrates the three-dimensional retropharyngeal space (RPS). This study uses a
series of research articles and academic textbooks to restate current descriptions of fascia and
fascial spaces. In addition, a fresh frozen cadaver was utilized to develop the learning module.
We collected a series of cone-beam computed tomography (CBCT) images following injection of
radiopague materials into the RPS. This will lay the foundation of this learning module for the
RPS. With appropriate data, a more detailed perspective of fascial spaces could be developed,
which could a useful for future health and medical professionals to diagnose and treat the

pathway of RPS abscess and infection.

Keywords: infection pathway of head and neck, fascia, fascial spaces, retropharyngeal space,

danger zone, cadaveric study, learning module, cone-beam computed tomography, CBCT,

radiopaqgue injection.
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CHAPTER 1

BACKGROUND

The study of anatomical relationships between the viscera and fascial layers of the neck is
an area that is difficult for students to visualize and understand. As dental anatomy courses
explore in-depth materials in the head and neck, many questions concerning fascial spaces
remain. The importance of these potential spaces becomes more apparent when studying how
infections and injected fluids can spread via intra-fascial and inter-fascial means. To understand
and visualize these potential fascial spaces, anatomists, and other experts, use color-coded
illustrations in combination with computed tomography (CT scans) 1, However, since these
potential spaces only exist between thin boundaries made up of loose connective tissue, it can be
difficult to see their extent and connections, if any, with other layers of the neck. As a result,
illustrations tend to exaggerate the proportion of fascial spaces to the surrounding structures.
Relying on these illustrations can be helpful for didactic learning but can also be misleading.
Cadaveric laboratory classes play a significant role in the learning process by allowing students to
directly see many of the fascial layers and potential spaces. However, dissection often destroys
these fascial layers rendering them useless to students, just as they are beginning to explore them
131,

Recent publications on head and neck dissections have included colored images, using
latex, to show fascial tissue. Solidified latex, injected into the fascial spaces intends to mark the
outer limits of the “intercarotid fascia” by occupying the surrounding fascial spaces . Inspired by
the data collected in Feigl’s research, a new perspective of the experiment can be conducted to
demonstrate the exact space and shape of facial spaces. This project was performed utilizing a

fresh-frozen cadaver specimen instead of embalmed specimens with the idea of producing results



that replicate real-life scenarios &1, Ultrasound gel was used in place of latex dye due to the poor
preservation character of fresh tissue. The fascial spaces located above the hyoid bone include,
but are not limited to, the masticator space, submandibular gland, submandibular space, parotid
space, lateral pharyngeal space, and the retropharyngeal space. Pioneer in nature, this project
directs focus on retropharyngeal space. This has the potential to be to be put to good use by health
and medical professionals in two ways: (1) to diagnose and treat the pathway of RPS abscess and
infection, and (2) to improve fundamental knowledge for a successful mandibular nerve block.

Future projects are to be replicated for the remainder of the fascial spaces mentioned.

1.1 Fascia of the Neck

Fascia can first be described as a layer of tissue covering organ, muscle, or bone.
Diverging from this definition, it can be further defined through different professionals. In other
words, depending on one's field of work they have developed different, but nevertheless accurate
perspectives of fascia ©. Through the lens of a histologist, anatomist, or surgeon, each contributes
an important definition of fascia that differs in practical application.

Histologists observing tissue samples rarely use fascia as a term for identification.
Instead, regions of loose connective tissue (LCT) and/or dense regular connective tissue (DRCT)
would be the histological equivalence e, The twenty-nine dissections made by Scali et al.
closely followed a layer of DRCT that spans between the first cervical vertebra (C1) down to the
sixth cervical vertebra (C6). In addition, the team also measured the resistance and thickness of
the fascia. The results give evidence that the alar fascia exists and is separate from other fascial
layers ®. Another study that used S100 and alpha-SMA protein-stained specimens shows
neurovascular properties of fascia 2. The focus on detailed composition of fascia serves as an
example of a histological perspective of fascia and its lack of use in literature; especially those

created by anatomists and surgeons.



Anatomists like Norton, who was dedicated to educating dental students, state “fascia is a
band of connective tissue that surrounds structures (such as enveloping muscles), giving rise to
potential tissue spaces and pathways that allow infection to spread” 4. As he continues to
describe the spread of infection, there is an emphasis on the anatomical boundaries of fasciae. A
blunt comparison to the histologists’ standpoint, identifying the array of fascial layers and its
potential spaces highlights the use of the term fascia for anatomists.

Another anatomist, Hollinshead, dedicated his book for general use by surgeons. Each
chapter is filled with anatomical concepts with the intent to be a reference and a review for
specialists. If compared to information used by histologists or anatomists, surgeons share similar
interests to that of anatomists. The key difference may be the lack of importance of specific
fascial tissue during surgical procedures. Hollinshead states ... there is no generally accepted
definition as to how dense connective tissue must be before it can be regarded as forming a fascia,
and the fascial spaces are simply areas of relatively loose connective tissue...” B2, He then
proceeds to make a point that if the approached structures are bounded by any form of connective
tissue, the surgeon will not take heed to identify fascia, but will proceed to cut or push it aside as
necessary. A surgeons' perspective of fascia still requires extensive knowledge, for example,
understanding how to appropriately close an incision after surgery 31, However, identifying fascia
as LCT and DRCT has more practical application than for just the three listed professions.

The three perspectives from the professions mentioned above are not the only ones that
use fascia but can serve as an example of how fast the term fascia evolves in literature e, |t
is of clinical interest to revisit the boundaries and characteristics of different fascia and fascial
spaces between years of medical research. As early as 1989 the International Anatomical
Nomenclature Committee recognized the need to define fascia nomenclatures with a more
universal approach. In the following years, several scholars successfully contributed their
research, further refining the definition of fascia 5., Since there has yet to be a consensus on the
subject, it should be stated that the understanding of fascia through future research is ceaseless.
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For this paper, fascia and fascial spaces are defined based on a collection of definitions
from 1968 through 2022. Utilizing the works of numerous anatomists and surgeons, the following
descriptions of fascia and fascial spaces have been compiled to clear any confusion that has come
about over the years. These descriptions will also serve to further our understanding of this
complex topic. At this point, it is important to maintain the validity of all researchers and their

definitions, as their terminology is in fact appropriate based on their approach.

1.1.1 Infrahyoid Fascia

Superficial Cervical Fascia (Tela Subcutanea; Subcutaneous Tissue of the Head and Neck)

The fascia superficialis, an early term, is now commonly identified as the superficial
cervical fascia when focused on the head and neck region BremeInanumsnsinenzne, This distinguishes
other uses of the term since superficial fascia differs in the trunk, limbs, abdomen, and scrotum.
Sometimes described as subcutaneous tissue in the neck, this layer of loose connective tissue
(LCT) is situated deep to the skin and superficial to the investing fascia 4. Initially described as
containing a variable amount of fat, this fibroadipose layer is usually thinner anteriorly and
contains cutaneous nerves, vasculature, lymphatic vessels and superficial lymph nodes uel,
Fibroblasts, a component of connective tissue that contributes to its formation, are sometimes
called fasciacytes due to their production of hyaluronic acid, especially in areas closely related to
muscle tissue 31, The superficial cervical fascia is found within the infrahyoid region but is
continuous with the suprahyoid region (described again later) and the face. Therefore, muscles of
facial expression, including platysma, are found within the superficial fascia due to the nature of
their attachment to the skin. Any extraoral approach to surgically drain infection will always pass
though this layer of fascia 8. Overall, superficial fascia serves to provide lubrication during

movement of the head and neck, while influencing immune response via fibroblasts



communication in the event of inflammation 5, From a surgical aspect, this fascia is the primary

focus for successful wound healing after suturing 0.

Superficial Layer of Deep Cervical Fascia (SLDCF, Investing fascia, Anterior Layer)

As the superficial cervical fascia changes from LCT to DRCT, the layer comprised of
DRCT is the beginning of the deep cervical fascia ™. Due to its extensive coverage in the neck, it
is divided into three major layers — superficial, middle, and deep layer of deep cervical fascia
muael, Hollinshead reminds everyone that the descriptions of these layers are arbitrary in nature &l
In other words, since tissue compositions are largely similar, they are the same fascia; but are
divided into names based on the compartments/regions they create.

The superficial layer of deep cervical fascia (SLDCF) is the first in this category and is
also called the anterior layer of deep cervical fascia BImuan3mnaes Ag jt encircles the entire
neck, it covers the surface of many muscles into a single layer. Therefore, this has also been
commonly named investing fascia. Hollinshead includes trapezius, sternocleidomastoid, and the
omohyoid as muscles surrounded by investing fascia &. However, the omohyoid gets reorganized
to be under another fascia in more recent texts muanue, Posteriorly it is continuous with the
periosteum that covers the spinous process of the seventh cervical vertebra (C7) and attaches to
the ligamentum nuchae (nuchal ligament) running superiorly #tu, At the inferior limit anteriorly,
the SLDCF creates a small space located just superior to the sternum known as the suprasternal
space of Burns Bitu, The anterior jugular veins, along with some lymph nodes, can sometimes be
found in this suprasternal space ®iel,

An analysis made from six cadaver dissections challenges previous literature by
suggesting the SLDCF is in fact not a continuous layer throughout the neck. The region between
sternocleidomastoid and trapezius muscles was observed to be mainly fatty, presenting a case
against the previously accepted SLDCF contains DRCT. More research is recommended to verify

this claim 9, Less common names for the SLDCF include the parotidmasseteric fascia (based on
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the suprahyoid region), enveloping layer, general investing fascia, great cervical sheath and

external layer ™.

Middle Layer of Deep Cervical Fascia (MLDCF, Pretracheal Fascia)

The next layer in this category is the middle layer of deep cervical fascia (MLDCF)
sEuran, |t is subdivided into three components based on its involvement with other tissues.
Frequently, these three subdivisions are collectively named the pretracheal fascia; therefore, the
term pretracheal fascia is commonly used synonymously with the middle layer of deep cervical

fascia @i,

e Infrahyoid Fascia
The infrahyoid fascia refers to the collection of fasciae that encircles the strap muscles. In
doing so, it is classified as a muscular or muscular portion of fascia BImERIR4nT, Ag
mentioned earlier, the omohyoid is now within the infrahyoid fascia instead of the
SLDCHEF. The individual strap muscles reside in their respective spaces formed by the
infrahyoid fascia. Having little to no clinical significance, these spaces are not further
described [,

o Pretracheal Layer/Fascia
The only intermediate layer that is deep to the infrahyoid fascia is the pretracheal layer. As
this layer encircles visceral structures such as the thyroid gland, esophagus, and trachea, it
is classified as part of the visceral portion EEmRIRAgRT,

e Buccopharyngeal Fascia
Posterior to the pharynx is where the buccopharyngeal fascia is found. It is continuous with
the following three fasciae: (1) The fascia covering the buccinator, (2) The fascia covering

the pharyngeal muscles, (3) The pretracheal fascia. These three fasciae form the posterior



wall of the visceral structures; hence this is also called a visceral portion. It is the location

of the pharyngeal plexus of nerves and veins o,

Less common names are sometimes used to distinguish two visceral categories of the
MLDCF. The pharyngomucosal fascia, strictly for visceral structures, and the viscerovascular

[system] of fascia that includes visceral structures and the carotid sheath [,

Deep Layer of Deep Cervical Fascia (DLDCF, Prevertebral fascia, posterior layer)

The last layer in this category is the deep layer of deep cervical fascia (DLDCF) and is
also called the posterior layer of deep cervical fascia Bmeronns, |t js further subdivided into two
layers. Frequently the two subdivisions are collectively named just the prevertebral fascia;
therefore, the term prevertebral fascia is used synonymously with the deep layer of deep cervical

fascia.

e Prevertebral Layer/Fascia
This layer is described as a complete fascial layer that encircles pretvertebral muscles
(longus colli, longus capitis, the three scalene muscles, and the deep cervical muscles)
along with the vertebral column 1, This layer spans from the base of the skull to the
coccyx Emenoniiel, Posteriorly, the DLDCF shares the same attachments as the SLDCF on
the spinous process of C7 and the ligamentum nuchae running superiorly. Laterally, it
forms the axillary sheath which surrounds the brachial plexus and axillary artery. Under the
same data that challenged the continuity of the SLDCF, Zhang and Lee state that the
semispinalis capitis and splenius capitis’ fasciae serve as the prevertebral fascia 2. In other
words, the lateral wall of the prevertebral fascia is the only fascia found between the
sternocleidomastoid and trapezius muscles. Again, more research is recommended for

verification.



e Alar Fascia
An additional layer of prevertebral fascia, the alar fascia is located anteriorly to the
prevertebral layer. It was not separately categorized when described by Hollinshead but
later publications highlight the alar fascia’s important function in separating the
retropharyngeal space from the danger space of the neck 1, It is attached to the
buccopharyngeal fascia via the midline from the skull base to the level of C7. Laterally, it
is attached to the left and right carotid sheaths. A recent work on twenty-nine cadaver
dissections suggests that the alar fascia’s superior attachments do not reach the inferior
nuchal line. In other words, the potential aperture between the base of the skull and the alar
fascia may be overlooked ®. Clinically, the alar fascia is a key landmark for surgical
removal of retropharyngeal lymph nodes and to avoid damage to the recurrent laryngeal

nerve during anterior cervical spine surgery 4,

Carotid Sheath

While the carotid sheath is conveniently depicted as a tubular structure, its structural
origin must be emphasized in order to understand its true nature. The so-called “sheath” is more
of a fascial network comprised of the fusion from the three layers of deep cervical fascia, not to
be misinterpreted as a thick layer that is impermeable Emseanunanannena, Contained within the
sheath are compartments for the internal jugular vein, the common carotid artery, and the vagus
nerve. The ansa cervicalis, and deep cervical lymph nodes are found embedded in the walls of the
carotid sheath 121, The sheath spans from the base of the skull to arch of the aorta, where it merges
with the adventitia and surrounding fascia 4, The SLDCF and the MLDCEF are responsible for
most of the thickness of the carotid sheath anteriorly, laterally, and posteriorly menoinunens, The

DLDCEF, specifically the alar fascia, attaches to the medial aspect of the carotid sheath ©. A



Mason trichrome stain further proves the alar fascia’s involvement on the medial and anterior part
of the sheath by showing the presence of collagen fibers in both fasciae r4r,

A histological viewpoint of the carotid sheath suggests that the thickness of the carotid
sheath is not consistent throughout its length, however it functions as an important barrier to the
spread of infection. Although it was difficult to distinguish the three deep cervical fasciae from
one another, the sheath is developmentally similar to the fascia observed in the MLDCF 1. Since
Zhang and Lee state that the SLDCF is incomplete, it is important to note that the carotid sheath
is therefore assumed to directly communicate with subcutaneous tissue on its lateral wall, instead
of the SLDCEF &,

Occasional lymph nodes found on the surface of the sheath can spread infection towards
the compartment containing the vessels, but do not reside in the same compartment as the vessels.
A small part of this compartment containing the vessels consists of LCT which serves as the

potential space for infection to transcend along the length of the neck &7,

1.1.2 Infrahyoid Fascial Spaces

Normally, identifying a fascial space is rather difficult since they are considered potential
spaces in a normal/healthy individual 2. They can become realized or actual spaces when an
infection is present. Fascial spaces are essentially an area comprised of LCT but are also bounded
by layers of fasciae. Since the region of LCT can be a target for infection, the resulting space is
therefore named and is clinically important Bieuanend, The following list of six spaces are found
in the region below the hyoid bone, but also extends beyond this region. Therefore, some spaces
are mentioned again for the suprahyoid spaces. They have been first defined by their boundaries

and contents, then followed by comments of infection pathways.



Superficial Space

The superficial cervical fascia, as previously described, contains mostly LCT and various
amounts of fat Bzu, The occupied space by LCT is referred to the superficial space. At the level
below the hyoid bone, the platysma muscle is part of this space ®118, The boundaries of this space
are defined by the superficial fascia and the SLDCF. However, there are no defined superior and
inferior limits to this space.

All literature agrees that the superficial fascia does not communicate with deeper
structures due to the SLDCF that invests the neck completely emunene, Infections that occur in
this space remain superficial and are easily detected 231, Based on the works of Zhang and Lee, if
the SLDCF does not exist in the region between the sternocleidomastoid and the trapezius
muscles, it is assumed that there is contact between the superficial space with the prevertebral

fascia and the carotid sheath &,

Pretracheal Space (anterior visceral space, visceral space, previsceral space, visceral

compartment)

The pretracheal space is bounded by the pretracheal fascia that encloses the visceral
structures, hence the various alternative names used 7. Within this space is the thyroid gland and
the esophagus, which are found anterior and posterior to the trachea respectively. Its superior
limit is the hyoid bone where the fascia ends along the strap muscles. Inferiorly it extends down
to the anterior portion of the superior mediastinum and ends at the level of fourth cervical
vertebra (C4), where the fascia meets the fibrous pericardium ©#mieu, The fibrous layer of the
pretracheal fascia is continuous and there are no naturally occurring apertures that communicate

to the pretracheal space o1,
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The only known method of introducing infection into this space is by a direct puncture of
the esophagus or by pathologically induced perforation coming from the RPS @i, The lateral
portion of the RPS is separated from the pretracheal space by the buccopharyngeal fascia and the

pretracheal fascia, respectively &1,

Retropharyngeal Space (RPS, Retrovisceral Space)

The area of LCT directly posterior to the buccopharyngeal fascia and anterior to the alar
fascia was known as the retrovisceral space ©Brisl, In an earlier text, the retrovisceral space was
subdivided into two smaller regions: superiorly, the retropharyngeal space and inferiorly, the
retroesophageal space ®. Since the retropharyngeal and retroesophageal spaces are continuous
with each other, they are now commonly referred to as the retropharyngeal space (RPS). This
space is further subdivided into two regions based on the hyoid bone. The RPS extends from the
skull base to the level of the second thoracic vertebra (T2), it is the largest and most important
fascial space in the neck BImruR4es],

The RPS only has direct communication with the lateral pharyngeal space (LPS) =,
Further details about the spread of infection will be discussed later, since the LPS is described as
a suprahyoid space. Infection in the RPS can cause cellulitis and abscess which then have the

potential to spread posteriorly into the danger space of the neck o,

Danger Space of the Neck

Located between the alar fascia and the prevertebral fascia is a space known as the
“danger space” of the neck BImeEnanunanennus), Extending from the skull base to the thoracic
diaphragm, it is an area of LCT that is very areolar in composition . It is considered more of an
actual space than a potential space 2. There is no direct communication between the danger space

and other spaces 1. As mentioned earlier, infections can travel from the RPS into the danger
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space via pathological perforations in the alar fascia. An infection in the danger space poses a
high level of threat because of how easily this infection can occupy this highly areolar LCT and
move down towards the superior mediastinum Bimuu,

Through an attempt to change terminology, the danger space has been proposed obsolete
when using the same space categorized as a subcompartment of the RPS 7, However, this
minimizes the ability to isolate and diagnose an infection that has reached this space. In other
words, a danger space should be made distinguishable from the RPS. Literature published

afterwards has generally ignored this proposition and has continued to use the term danger space

[BI[10][11][14][16][17][18]

Prevertebral Space

Located between the prevertebral fascia and the vertebral column lies various muscles
covered in LCT. The prevertebral space extends from skull base to the coccyx BImuRaens, |n
some works, the prevertebral space is further subdivided into anterior “prevertebral” and posterior
“paraspinal” portions via the transverse processes of the vertebrae 1. The phrenic nerve is stated
to exist in this space 7. There is no direct communication between the prevertebral space with
any other space. There is limited potential for infections within the prevertebral space, therefore

further limiting the possibility of an actual space existing 1.

Carotid Sheath Space (Carotid Space)

The carotid sheath, described previously, has no direct communication into the carotid
sheath space 1. Infection from neighboring spaces must first perforate the sheath in order to enter
the space 4. However, studies have shown that infection tends to be effectively isolated from the
sheath wall ™. There are two known structures that can serve as a direct tether for infection. First,

deep cervical lymph nodes that are sometimes found embedded in the sheath surface can
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introduce infection into the space, but this is rare. Second, the internal jugular vein can be
subjected to infection-induced thrombosis, creating a stop station for infection to escape the

vasculature Biel,

1.1.3 Suprahyoid Fascia

Many of the following fasciae listed are duplicated terms from above because they are the
same tissue that exist above and below the hyoid bone. Redundancy here is necessary to highlight

different characteristics and possible new terms used between the two regions.

Superficial fascia (Subcutaneous Tissue of the Head and Neck)

As the skin continues to cover the face and the head, the superficial fascia is also
continuous from the previously mentioned superficial cervical fascia. The two regions are again
arbitrarily divided by the hyoid bone. Above the hyoid bone and anteriorly, the face contains
muscles of facial expression and are found in the superficial fascia as the muscle inserts into the
skin. Above the hyoid bone and posteriorly, the superficial fascia is continuous with the
superficial cervical fascia found in the neck and contains emissary veins along with the expected
vasculature. Aside from having different boundaries, it shares the same description with

superficial cervical fascia BISIMOILOILIISIISILEIN7ILS],

Superficial Layer of Deep Cervical Fascia (SLDCF, Investing Fascia, Anterior Layer)

Deep cervical fascia does not exist in the region of the head and face ©irnuce, Therefore,
the SLDCF described here spans anteriorly, from the hyoid bone and ends at the inferior border
of the mandible. Posteriorly, it spans from the clavicle and the acromion of the scapula to the

external occipital protuberance, superior nuchal line, mastoid process, and inferior border of the
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zygomatic arch ©n1, The SLDCF forms the fascia covering the deep portion of the parotid fascia,
encloses the submandibular gland, and forms the masticator space by enclosing some of the
muscles of mastication =runsinansl, Although the face does not contain a layer equivalent to the
SLDCF, a superficial muscular aponeurotic system (SMAS) exists in the layer immediately deep
to the superficial fascia. In some texts, the SMAS is considered a contributor for the fascia
covering the superficial portion of the parotid gland Bimzonu, |t also serves as a surgical plane for

rhytidectomy (facelift) procedures o,

Middle Layer of Deep Cervical Fascia (MLDCF, Pretracheal Fascia)

The MLDCF found above the hyoid bone will not contain any infrahyoid muscles, hence
this list does not include the muscular portion of fascia (infrahyoid fascia) that was listed below
the hyoid bone. The pretracheal layer/fascia ends superiorly at the larynx, therefore it also is not

on this list.

e Buccopharyngeal Fascia
Also located above the hyoid bone, this shares the same description as already mentioned in

the infrahyoid category BImgiuan,

Deep Layer of Deep Cervical Fascia (DLDCF, Prevertebral fascia, posterior layer)

o Prevertebral Layer/Fascia
Also located above the hyoid bone, this shares the same description as already mentioned in
the infrahyoid category BImeEnoLnaei],

e Alar Fascia
Also located above the hyoid bone, this shares the same description as already mentioned in

the infrahyoid category BImERoRLRansie],
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Carotid Sheath

The carotid sheath has already been mentioned as an infrahyoid fascia. It is continuous
and therefore also found above the hyoid bone, sharing the same description and boundaries

already mentioned above EIEIEIoInIRAN6A7IN8]L],

1.1.4 Suprahyoid Fascial Spaces

The following list of spaces are recognized for their clinical significance. It is important
to remember that any compartment with enough LCT has the potential for infection and
furthermore, a potential space with its respective name. In other words, the provided infrahyoid
and suprahyoid fascial spaces do not serve as a complete list of all fascial spaces found in the
head and neck. In the same fashion as the infrahyoid fascial spaces, the following twenty fascial
spaces have been first defined by their boundaries and contents, then followed by comments of

infection pathways.

Buccal Space

The buccal space is located between the superficial fascia and the buccopharyngeal fascia
just lateral the buccinator muscle mrunmisl, Extending from the zygomatic process to the mandible,
the anterior limit is the mouth, and the posterior limit is the masseter muscle 1. It contains
mostly fatty tissue (buccal fat pad), facial artery and the parotid duct muuee, The buccal space
directly communicates with five other neighboring fascial spaces; canine, pterygomandibular,
infratemporal, submasseteric, and lateral pharyngeal spaces ©4. Aside from neighboring fascial
spaces, dental infections originating from maxillary and mandibular molars are a common source
for introducing infections in the buccal space 8., In classification of odontogenic infections, the

buccal space is a primary/direct location of infection ©el.
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Canine Space (Infraorbital Space)

The canine space is located between the upper lip muscles and the anterior surface of the
maxilla tuee, The space extends between the levator labii superioris, the levator anguli oris, the
zygomaticus major and the levator labii alaeque nasi muscles, the latter two forming the lateral
and medial limits, respectively 21, It contains the angular artery, angular vein, and infraorbital
neurovasculature tueel, The canine space directly communicates with the buccal space o,

Infection can be introduced from the maxillary canine, maxillary first premolar, or
through skin infections of the upper lip 28, From here, an infection can spread toward the orbit via
pathological perforations. Further complications can involve the cavernous sinus if infection
enters the ophthalmic vein &4, In classification of odontogenic infections, the canine space is a

primary/direct maxillary location of infection us,

Submaxillary Space (Submandibular Space)

Terminology in the sublingual and submandibular regions has repeatedly been confusing,
even with amendments 8. As this space of interest includes a gland and associated lymph nodes,
“submandibular space” has been used improperly because it instead refers to subdivision of the
preferred term “submaxillary space” Bintueel, The submaxillary space is located between the floor
of the oral cavity and the SLDCF, extending from the hyoid bone to the inner surface of the
mandible B, It contains three subdivisions and their contents: sublingual space, submandibular
space, submental space mtuesl, There is direct communication with the lateral pharyngeal space
[,

Infections in the submaxillary space are described through its three subdivisions and are
not directly referenced to the submaxillary space alone 4. In classification of odontogenic

infections, the submaxillary space is a primary/direct mandibular location of infection &8,
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e Sublingual Space
The sublingual space is one of the three subdivisions of the submaxillary space Bimtun7ne),
Located more superiorly than the other two, the “V”* shaped space is bounded superiorly by
the floor of the mouth and inferiorly by the mylohyoid muscle 2un, The anterior and lateral
sides are limited by the inner surface of the mandible. At this level, the posterior boundary
is the muscles that form the base of the tongue. It contains the hypoglossal nerve, lingual
nerve, sublingual gland, deep part of the submandibular gland, and submandibular duct
simeunel, There is direct communication with the lateral pharyngeal space (the part above the
hyoid bone), submandibular space, and submental space 4. In older texts, the sublingual
space can be further subdivided into three parts based on the geniohyoid and genioglossus
muscles. However, it has been accepted that open communication between these
subdivisions make it largely unnecessary BImm,
Aside from communicating with neighboring spaces, infections can also originate from
mandibular premolars, mandibular molars and the sublingual gland tues, In classification of
odontogenic infections, the sublingual space is part of the submaxillary space, a
primary/direct mandibular location of infection us1,

e Submandibular Space
The submandibular space is the next subdivision of the submaxillary space. Divided by the
mylohyoid muscle, it is located inferior and lateral to the sublingual space. It is between the
mylohyoid muscle and the SLDCF Bimnunainsl, The anterior and posterior belly of the
digastric muscles together give this space a medial limit 24, It contains the submandibular
gland, submandibular lymph nodes, anterior digastric muscle, facial artery, and facial vein
simeunel, There is direct communication with lateral pharyngeal space, sublingual space, and
submental space 04,
Dental infection originates from the roots of mandibular first, second and third molars due

to their location below the attachment of mylohyoid muscle. Aside from communicating
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with neighboring spaces, infection can also be introduced from the submandibular gland via
its duct nueel, In classification of odontogenic infections, the sublingual space is part of the
submaxillary space, a primary/direct mandibular location of infection o,

Submental Space

The submental space is the last subdivision of the submaxillary space. It is also divided by
the mylohyoid muscle. It is located inferior and central to the sublingual space between the
mylohyoid muscle and the SLDCF emunnniuel, The anterior belly of the digastric muscle
forms the lateral border. It contains the submental artery, nerve to the mylohyoid, and
submental lymph nodes Bimeisl, There is direct communication to the submandibular space
in a way that the submental space can be considered an anterior extension of the
submandibular space ©.

Dental infections to the submental space are introduced from mandibular anterior teeth and
from the submandibular space 4, In classification of odontogenic infections, the submental

space is part of the submaxillary space, a primary/direct mandibular location of infection

[18],

Masticator Space

Enclosed by the SLDCF, the masticator space refers to an area that is subdivided into

four more spaces; the infratemporal space, pterygomandibular space, the submasseteric space,

and the temporal space @i, In addition to these four smaller spaces, the entire space includes

the masseter, medial pterygoid, lateral pterygoid, and inferior portion of temporalis muscles.

There is direct communication between these four spaces B,

Infections are described through the more specific subdivisions and are not directly

referenced to the masticator space alone 4. In classification of odontogenic infections, the

masticator space as whole is a secondary/indirect location of infection ©e1,
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e Infratemporal Space (Infratemporal Fossa)

One of the four subdivisions of the masticator space, it is sometimes described as the

infratemporal fossa mee, However, they do not share the same boundaries 41, The

infratemporal fossa includes the lateral and medial pterygoid muscles, making the inferior

border the inferior surface of the medial pterygoid muscle. The infratemporal space marks

the more centrally located part of the fossa mitu, Table 1.1 provides detailed descriptions of

the boundaries to clear any confusion regarding the two terms.

Table 1.1. Boundary Comparison of Infratemporal Fossa and Infratemporal Space.

Infratemporal Fossa Infratemporal Space
. infratemporal surface of the greater . .

Superior . : ; infratemporal surface of the greater wing

wing of sphenoid and infratemporal .
of sphenoid
surface of the temporal bone
. inferior aspect of attachment where the . .

Inferior . ; superior surface lateral pterygoid muscle

medial pterygoid muscle meets the N
. (inferior head)
mandible
Lateral medial surface of ramus of the . .
. medial surface of temporalis
mandible
Medial lateral surface of lateral pterygoid plate

and pyramidal process of the palatine | lateral surface of lateral pterygoid plate
bone

Anterior posterior part of maxilla posterior part of maxilla

Posterior | styloid process of temporal bone and | anterior surface of lateral pterygoid
condylar process of mandible muscle (superior head)

Contents of the infratemporal space include the third part of maxillary artery, part of

pterygoid plexus of veins, anterior deep temporal nerve, long buccal nerve, and posterior

superior alveolar nerve mouel, There is direct communication with the buccal space,

pterygomandibular space, and pterygopalatine fossa 1.
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Infections are rare in this space but will usually originate from the maxillary third molar. A
major concern for infection in the infratemporal space is the direct connection to the
cavernous sinus via the pterygoid plexus of veins 4, In classification of odontogenic
infections, the infratemporal space is a primary/direct maxillary location of infection te,
Pterygomandibular Space

The pterygomandibular space is the next of the four subdivisions of the masticator space. It
is a wedge-shaped space of fibroadipose tissue within the infratemporal fossa @7, Located
between the medial surface of the mandible and the medial pterygoid muscle, it is bounded
by the parotid gland posteriorly and the buccal space anteriorly. The superior border is the
inferior surface of the inferior head of the lateral pterygoid muscle mrunnne, Contents
include the inferior alveolar nerve, inferior alveolar artery, inferior alveolar vein, nerve to
mylohyoid, lingual nerve, long buccal nerve, pterygoid plexus of veins, maxillary artery,
maxillary vein, sphenomandibular ligament, and sometimes but rarely, the
auriculotemporal nerve 1167, There is direct communication with the submasseteric space,
temporal space, and buccal space o1,

Infections can travel to and from the communicating spaces but are commonly originating
from mandibular third and second molars 4. There are also cases where infection in the
buccal space, involving the buccal fat pad, has spread to the pterygomandibular and
temporal spaces 7. A contaminated needle can introduce infectious material into this space
during dental procedures requiring the inferior alveolar nerve block t. In classification of
odontogenic infections, the pterygomandibular space is a secondary/indirect location of

infection &8,
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e Submasseteric Space
The submasseteric space is the next of the four subdivisions of the masticator space. It is a
small region between the masseter muscle and the mandible. As the masseter muscle
attaches to the mandible, it forms the anterior and lateral border. The medial and inferior
border is the mandible itself. The superior limit extends to the level of the zygomatic arch.
The parotid gland marks the posterior limit tutneel Contents of this space is limited to the
LCT. There is direct communication with the pterygomandibular space and buccal space
[,
Dental infections here are rare but would involve an impacted mandibular third molar =4, In
classification of odontogenic infections, the submasseteric space is a secondary/indirect
location of infection ©el,

e Temporal Space
The temporal space is the last of the four subdivisions of the masticator space. It is bounded
by the SLDCEF as it encloses the temporalis muscle, which can be called the temporal fascia
in this location. It is sometimes further subdivided into a superficial and deep portion
runnnel, Together they contain fibroadipose tissue, temporal branch of facial nerve,
branches of the maxillary artery, and branches of the mandibular nerve 8. There is direct
communication with infratemporal space and the pterygomandibular space 1.
Infections in the temporal space originate from maxillary third molars tues, |n classification

of odontogenic infections, the temporal space is a secondary/indirect location of infection

[8],

Superficial Space (of the face)

The superficial fascia is continuous even at the region of the face 4. The superficial

space (of the face) is therefore continuous and directly communicating with the superficial
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cervical space. In the face, the space contains the superficial musculoaponeurotic system (SMAS)
and most importantly, does not contain a deep fascia that equivalates to the function of deep
cervical fascia ©tuesl, Since infections in this space are superficial, they are often detected early,
and can be easily treated through drainage when severe. However, in regions of the world where
antibiotic treatment is scarce, infections accumulated in the “danger triangle” of the face can

spread deep via the deep facial vein o1,

Peritonsillar Space (Peritonsillar Abscess, Quinsy)

The peritonsillar space is the lateral aspect of the palatine tonsils 107, Located between
the anterior and posterior arches formed by palatoglossal fold and palatopharyngeal fold, the
lateral border of the space is the superior pharyngeal constrictor muscle. There is direct
communication with the LPS 1. Infections in this area can come from, and spread to, the LPS
and the palatine tonsils. When infected, this space is commonly referred to as peritonsillar

abscess, or quinsy mins,

Submandibular Gland Space

The submandibular gland space is formed from the SLDCF that encapsulates the
submandibular gland ©4. It is located within the submandibular space (a subdivision of the
submaxillary space). There is no direct communication to this space except for the submandibular
duct that opens into the oral cavity 4, Infections can be introduced via the submandibular duct,
originating from the oral cavity mui7, The inner layer of the capsule is also thin enough for
pathological perforations to occur; a potential migration of infection to and from the

submandibular space @7,
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Parotid Gland Space

The parotid gland space is formed by the SLDCF that encapsulates the parotid gland ruo7,
It contains the parotid duct, external carotid artery, retromandibular vein, and branches of the
facial nerve eBmeunn, The only direct communication to this space is where the parotid duct opens

into the oral cavity o,

Infections can be introduced via the parotid duct, originating from the oral cavity miu7,
The medial layer of the capsule is thin enough for pathological perforations to occur; a potential
migration of infection to and from the LPS. There are also concerns for the deep spread of

infections via the retromandibular vein &,

Lateral Pharyngeal Space (LPS, Parapharyngeal Space)

The lateral pharyngeal space is located between the buccopharyngeal fascia and the
SLDCF that covers the medial pterygoid muscle and the deep portion of the parotid gland
smunnannne, Extending from the skull base to the hyoid bone, it is continuous with the
submandibular space anteriorly, and the RPS posteriorly. In some texts, the LPS is further
subdivided into “prestyloid” and “poststyoid” spaces via the styloglossus and stylopharyngeus
muscles muneel, The LPS contains fat, tonsillar vessels, lymph nodes, carotid sheath,
glossopharyngeal nerve, spinal accessory nerve, hypoglossal nerve, facial artery and ascending
palatine artery i, There is direct communication with submandibular space, RPS,
pterygomandibular space, and peritonsillar space ., As the LPS wraps around the lateral aspect

of the pharynx, it serves as a hub of communication for neighboring spaces.

Infections from the teeth, jaws, pharynx, adenoids, and tonsils easily migrate to the LPS
uiiel, Specifically, infections from mandibular third molar, tonsils, and tumors are the common

origins t, From the LPS, infections migrating posteriorly into the RPS are of highest concerns
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4, Less common names for this space include peripharyngeal space, pharyngomaxillary space,
pterygopharyngeal space, pharyngomandibular, and pharyngomasticatory space. Each marking a

subregion of the same space .

Retropharyngeal Space (RPS, Retrovisceral Space)

The retropharyngeal space (RPS) has already been mentioned as an infrahyoid space
Emounaelnal |t js continuous and therefore also found above the hyoid bone, sharing the same
description and boundaries already mentioned above. The RPS can be categorized as the superior
portion of the “retrovisceral” space Bl. Above the hyoid bone, the RPS is continuous with the LPS,
highlighting an area with special interest for infection.

Infections involving Waldeyer’s tonsillar ring can reach the retropharyngeal lymph
nodes, and this is the most common pathway of infection to the RPS. Dental infections must
reach the lateral pharyngeal space before reaching the RPS. Other nasal and pharyngeal infections
can also reach the RPS. When infection continues to spread posteriorly, there is a high risk of
mediastinitis tue4, A cadaveric study indicated a possible deviation of the esophagus and trachea
due to the fluid accumulation of the RPS. This suggests that surgical approaches involving this

space should consider careful assessment of the RPS prior to operation .

Danger Space of the Neck

The danger space has already been mentioned as an infrahyoid space. It is continuous and
therefore also found above the hyoid bone, sharing the same description and boundaries already

mentioned above B0l [R4][16][17][18]
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Prevertebral Space

The prevertebral space has already been mentioned as an infrahyoid space. It is
continuous and therefore also found above the hyoid bone, sharing the same description and

boundaries already mentioned above mnun4nsin,

Carotid Sheath Space (Carotid Space)

The carotid sheath space has already been mentioned as an infrahyoid space. It is
continuous and therefore also found above the hyoid bone, sharing the same description and

boundaries already mentioned above miruueln,

1.2 Clinical significance

1.2.1 Oral Infection and Abscess

The oral cavity is a constant harbor of microorganisms, making it susceptible to
infections. Poor oral health may allow early colonies of bacteria known as biofilms to progress
into caries, gingivitis, and periodontitis #2. A study on Melanesian population showed that 60% of
the patients have deep neck space infections that were odontogenic in origin. And 37% of the
patients had a case of Ludwig’s angina 3. As mentioned previously, the use of antibiotics has
dramatically reduced mortality rates. However, antibiotic resistance and persistence has raised
new concerns 4, Surgical intervention continues to be a major treatment option for serious cases.

In the event of an infection, the affected soft tissue may accumulate white blood cells,
resulting in a collection of dead cells/tissue. The local swelling of mixed cells and fluid are
collectively known as pus, or abscess. Symptoms of an abscess include pain, tenderness, warmth,

and possible swelling of the affected area. Abscess can be relieved on its own, but drainage of the
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pus through medical procedures and the aid of antibiotics are reliable treatment options 23, Left
untreated, infection and abscess can lead to complications.

Odontogenic abscess can be categorized as superficial or deep. Superficial abscess is
usually detected by visual inspection and can be resolved by access to the skin’s surface. Deep
abscess is found internally and is easily identified through imaging but will require an intricate
approach for drainage tu. A study of 37 hospitalized patients showed that 65% of odontogenic
infections were from dental caries and abscess can be found in roughly 76% of the patients I,

The three common acute infections originating from a tooth are dentoalveolar abscess,
periodontal abscess, and pericoronitis ®4, Depending on the diagnosis, a treatment plan may
include antibiotic therapy, elimination of source of infection, direct drainage, or some
combination of these three methods. Bacterial infections are often resolved with antibiotics for
their high efficiency =121, However, persistent abscess may proliferate in a short period,
occupying an entire fascial space and further migrate to another fascial space by cellular lysis

nien, Surgical decompression can be invasive and elevates the risk of infection for patients o1,

1.2.2 Cervical Emphysema

In addition to infectious material, collections of gas pockets may also be introduced to
deeper tissue and spaces. Collectively, subcutaneous emphysema are the trapped gasses found
deep to the skin. Specifically in the region of the head and neck, cervical emphysema has its own
causes. Foreign gas may be from bone fractures due to head trauma, bacterial infection, or
surgically induced during dental procedures tuislzsjisol,

Subcutaneous emphysema from head trauma may include bone fractures that will form
gas without any break in the skin. A case report suggests that a fractured mastoid process allowed
collection of air from the pneumatized air cells of the mastoid bone. The patient received impact
during sport activity and was diagnosed with subcutaneous cervical emphysema &, Subcutaneous

emphysema from bacterial infections is commonly from necrotizing infections. Similar to
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gangrene gas released from necrotizing tissue, bacteria may produce metabolic waste in forms of
gas within the body 2. More study is needed to fully understand the mechanism of action of
bacterial caused emphysema.

latrogenic causes of emphysema can be from multitude of surgical procedures. Focusing
on oral procedures, it is commonly due to the use of dental instruments. The use of compressed
air is the new standard for powering dental instruments like the high-speed handpieces @4,
Incisions and tooth extractions allow the air and water from these instruments to breach the
surface mucosa, traversing into deeper tissue o1,

Cervical emphysema is generally rare and may be introduced from a variety of causes.
However, the collection of gas travels via fascial planes and spaces. A case report of a patient,
postoperative tooth extraction, reported findings of cervical emphysema and have reached the
mediastinum after migrating down the neck #2131, The importance of fascial spaces and their

anatomical neighbors is once again noted here.

1.2.3 Ludwigs's Angina

Ludwig’s angina is a condition characterized by severe bacterial infection that leads to an
extreme enlargement of the floor of the mouth Bimuees«s), |t js commonly caused by
Streptococcus, Actinomyces, Prevotella, Fusobacterium, or Staphylococcus bacteria Bitussl, This
acute spread of cellulitis may occupy the submandibular, sublingual, and submental spaces
bilaterally. Approximately 90% of cases stem from odontogenic pathology 23, The treatment
generally shares the same approach for odontogenic infections/abscess; by antibiotic therapy,
direct drainage of infectious material, and removal of source of infection (the affected teeth) tu,

The two main concerns of Ludwig’s angina are: (1) necrotizing bacteria can quickly
spread and migrate from the mouth and reach the mediastinum through fascial planes, and (2)
suffocation due to rapid edema around airway. This explains why mortality rate from Ludwig’s

angina has been historically high ©. The recorded 75% mortality is mainly due to the lack of
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antibiotic use ©. But even with the current advancement of medicine today, medical practitioners
continue to label the condition as “Feared”, “Fluctuant rarely”, and “Fatal often” 8. Besides the
use of antibiotics, life-threatening situations call for immediate surgical drainage of the edema.
Profound familiarity of fascial spaces and their anatomical neighbors may increase the efficiency

of these surgical procedures.

1.2.4 Danger Space of the Neck

As its name suggests, the danger space of the neck is a region of high clinical
significance. As proposed by Phan et al, identifying the alar fascia plays a tremendous role in
surgical and diagnostic applications, especially during procedures that involve the danger space
14, Their work highlights the use of new technologies such as contrast enhanced computerized
tomography (CT) and magnetic resonance (MR) imaging to identify fascial tissue. Events like
odontogenic infections that range from minor (periapical abscess) to severe (Ludwig’s angina)
and cervical emphysema can all allude to life-threatening clinical cases due to the intimate

relationship of fascial spaces that can reach the danger space BIBIonIn4IE]L7I18],
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1.3 Oral Anesthesia — Inferior Alveolar Nerve Block

For dental students, a nerve block can be challenging to accurately perform, as opposed
to local infiltrations. Concluded by AlHindi et al., the failure rate of an inferior alveolar nerve
block is significant among third-year to fifth-year dental students =¢. Techniques for nerve blocks
have improved throughout the years and multiple works have explored ways to increase the
efficacy based on mandibular variances #71. While theorizing the reasons for failure, dental
students consider factors such as fascial boundaries, infectious material, and misdirected needles
into the incorrect space. Considering these methods, dental students can benefit by understanding

all fasciae and fascial spaces and how they relate to inferior alveolar nerve blocks.
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CHAPTER 2

MATERIALS & METHODS

One fresh-frozen cadaveric head and neck specimen was used for this project. Ultrasound
gel was injected directly into the RPS from the inferior aspect of the space. The head was
positioned inverted, with the “stump” of the neck superiorly and the top of the head inferiorly, so
the ultrasound gel would flow into the most cranial regions of the RPS via the force of gravity.
After freezing, the specimen, with the hardened ultrasound gel, was taken for a CBCT scan. The
resulting images were viewed and organized using computer software to demonstrate the full
spread of the gel within the RPS. The space occupied by the gel represents the same space that
may be occupied by granular tissue from an infection. Due to these methods being new, a minor

experiment was conducted to give rationale to the materials of choice.

2.1 Preparation: Choice of Radiopaque Ultrasound Gel Mixture

A 300 mL bottle of ultrasound gel (Aquasonic 100®) was sufficient as only one specimen
was used. The selected radiopaque material must be able to mix with ultrasound gel while also
having strong enough radiographic opaque properties to stand out against the surrounding bone.
Three materials were chosen and, to test their radiopacity, a total of three sample mixtures were
prepared: #1, #2, and #3 (Table 2.1). Each mixture contained ultrasound gel (70 mL) and the
added material. The first material of interest is powdered graphite. The second material is
powdered alloy from an amalgam capsule typically used for dental procedures (GS-80 Admix
Amalgam Alloy). The alloy to mercury ratio was 1:0.73. The alloy was easily collected by

prematurely opening four capsules before agitation. The remaining liquid mercury was not used
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and was properly disposed according to Creighton University School of Dentistry protocols &,
Finally, the third material was a pack of 140 small brass beads with hollow centers. Choosing
hollow centers over solid brass decreased the chances of the material settling together via gravity.
The goal was to have each material evenly dispersed and arrested in the gel long enough for the
gel to freeze in —20°C B9, Each sample mixture was placed in a plastic sandwich bag, and then

placed in a test skull for CBCT imaging (Figures 2.1: a, b, c).

Table 2.1. Three Sample Mixtures and their Radiopacity Rating.

Sample Ug;eillsl?ﬁ Pe O:S?el Radiopaque Material | Material Amount (in,dgggg,ltéxiztlllzgt)
#1 70 Powdered graphite 15 grams Good
#2 70 Powdered alloy 4 capsules Fair
#3 70 Small brass beads 140 pieces Excellent

Figure 2.1. Radiopacity comparison of the three sample mixtures. Figures a, b, and c are CBCT
images of test skull with sample mixture #1, #2, and #3, respectively. All three images are viewed
in axial position for comparison. The materials (blue arrows) were placed within the
middle/posterior cranial fossae.
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Data from Table 2.1 and Figures 2.1 a, b, and ¢ suggested all three materials would work for this
study. Group #3, having excellent radiopacity, without obscuring bony anatomy, was decided

upon for the suspension mixture used for the main experiment.

2.2 Preparation: Fresh-frozen Cadaver

The cadaver used was an 86-year-old male that measured five feet and ten inches tall,
with a weight of 100 pounds. The major medical history of the donor includes a case of bladder
carcinoma, neck surgery, and had been hospitalized for pneumonia and gastrointestinal

hemorrhage. The donor had a history of alcohol consumption and tobacco use.

The specimen consisted of only the head and neck, with the inferior cut just below the
vertebral level of C4. Ideally, the inferior cut should have been at the level of C4 to C7. Due to
limited resources, only the minimally required samples above C4 were collected to demonstrate
the RPS and its laterally adjacent regions. While the specimen was still frozen, pre-injection
CBCT scans at the level of the mandible were captured to compare the space before and after the
injection. To prepare the specimen for injection, it was left to thaw in a 4°C refrigerator for three

days.

2.3 Experiment: Dissection for Injection of Gel Mixture

70 mL of the water-soluble ultrasound gel was diluted with 270 mL of tap water to
decrease the viscosity of the gel. 280 hollow brass beads, measuring 2.5 mm in diameter, were
mixed with the gel by simple stirring. A clean 35 mL plastic syringe with outer diameter of the tip

measuring 7 mm was filled with the prepared gel mixture by drawing up the plunger.
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The specimen was taken out of the refrigerator and palpated to ensure all soft tissue was
thawed. To maintain a stable position throughout the experiment, a second person was used to
assist in dissection and injection. With the "stump” of the neck sitting superiorly, the RPS was
located by first identifying the prevertebral fascia overlying the prevertebral muscles. Next, the
esophagus was identified and the buccopharyngeal fascia posterior to the esophagus was noted. In
between the prevertebral fascia and the buccopharyngeal fascia is the alar fascia. This can be
difficult to identify but it must be located first to create a fascial plane. The alar fascia and
buccopharyngeal fascia were spread apart by gently teasing the area with fingers until the base of
the skull was reached. The gel mixture (Figure 2.2) was then injected into the RPS and allowed to
passively flow by oscillating the syringe tip from side to side while depressing the plunger until
the gel started to overflow. The specimen was then placed back into the freezer at —20°C for a

minimum of 24 hours.
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Figure 2.2. Photograph of container of brass beads mixed with ultrasound gel. The beads are
successfully dispersed and suspended within the gel after water dilution.

2.4 Experiment: CBCT Scans

The following day, the still frozen specimen was scanned using Planmeca™ Panoramic

CBCT machine. The captured three-dimensional files were analyzed with InVivo™ software.
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CHAPTER 3

RESULTS

The frozen specimen with the injected contents was immediately set onto the CBCT
machine for scans. The produced images in Figures 3.1, 3.2, and 3.3 support the effectiveness of
using brass beads against the specimen’s soft and hard tissue. In addition to the 2D images seen in
Figures 3.1, 3.2, and 3.3, the InVivo™ software can render the data into a three-dimensional
model as seen in Figures 3.4, 3.5, and 3.6. The rendered model can be easily manipulated via the

user-friendly software.

Figure 3.1. Axial view of 2D scans of cadaver post injection with brass beads.
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Figure 3.2. Coronal view of 2D scans of cadaver post injection with brass beads.
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Figure 3.3. Sagittal view of 2D scans of cadaver post injection with brass beads.

36



Figure 3.4. Axial view of 3D model of cadaver post injection with brass beads.
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Figure 3.5. Coronal view of 3D model of cadaver post injection with brass beads.
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Figure 3.6. Sagittal view of 3D model of cadaver post injection with brass beads.
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CHAPTER 4

DISCUSSION

4.1 RPS Occupied by the Beads

The radiopacity of the beads proved to be an excellent material for this type of study.
Post-injection scans suggest that the beads have spread deep into the cadaver, traversing within
the RPS, as intended. In Figures 3.1, 3.2, and 3.3, the beads observed settled close together in
various regions, rather than evenly spreading out in the RPS. Specifically, they gathered in the
most superior aspect of each: the RPS, LPS and nasal cavity. Two conclusions can be drawn from
this information. First, this is in alignment with previous claims that infrahyoid RPS, suprahyoid
RPS, and the LPS are in fact all continuous with one another. Since the beads were injected
inferiorly, the final position of the beads must indicate the entire space exists as a pathway
without obstructions. Second, it appears that the RPS and nasopharynx are somehow
communicating via an aperture. The latter being unheard of, further investigation is required.

Currently, there is no evidence of any naturally occurring apertures found between the
RPS and the nasopharynx. While anatomical anomalies may take the blame for this occurrence,
more probable theories can explain the phenomenon that occurred during this project; a freeze-
fracture of the specimen, causing artifactual damage, and other limitations of the experimental

design.
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4.2 Freeze Fracture of Cadaveric Tissue

Under the process of freezing and thawing, the expansion of water within a cadaver can
cause sites of damage. In a study with bone graft, fibular allograft bone was put under a stress test
of multiple cycles of freezing and thawing. The results indicate that the composition and integrity
of the hard tissue is unaffected up to eight cycles of freezing and thawing ©., However, in our
study the injected ultrasound gel is water based and was further diluted using water. It is
theorized that the high volume of water, combined with the multiple cycles of freezing and
thawing has placed stress on the cadaveric tissue. Following this theory, as the gel mixture
encountered the fibrous pharyngobasilar fascia at the base of the skull, the expansion of the gel
during freezing might have breached this fascia. Finally, the gel may have easily bypassed the
pharyngeal constrictors because they are only attached to the base of the skull at three bony

landmarks: the pharyngeal tubercle and the left and right pterygoid hamulus &4,

4.3 Limitations

The techniques used on the cadaver are relatively new and guidance from previous works
were limited. Although the approach to create a perfect gel mixture was calculated, various
factors are theorized to have primary and secondary influence on the results.

4.3.1 Primary factors

To begin, using only one cadaver, the sample size for this study is below ideal. As
defined earlier, the RPS is confined within the neck spanning from the base of the skull to the T2
vertebra, Since the specimen used was already cut at the level of C4 vertebra, the entirety of the
RPS was not available from the beginning of the experiment.

Next, considering potential anatomical anomalies and artifactual damage done to the

specimen during processing and transport, there are many variables that can alter the results. For
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instance, when a donor is brought into the Willed Body Program, they are not immediately placed
under refrigeration. This allows decomposition to progress for an unknown period of time, which
could degrade the integrity of the fasciae in the neck. Alternatively, when the donor was
disarticulated, care was not taken to cut through the structures of the neck with the least amount
of destruction. Lastly, the specimen may have thawed during transportation.

Also, during the experiment, it was noted that surgery had been done on the cervical
vertebra, as two screws were visible. The donor’s history of neck surgery may have an impact on
the results of this experiment due to fascial disruption and scarring. Finally, during the
experiment, bluntly teasing apart the fascia prior to injection may have created accidental tears

close to the base of the skull.

4.3.2 Secondary factors

The number of brass beads might not have been enough to properly fill the entire space
occupied by the RPS and LPS, as suggested in Figures 3.1, 3.2, 3.3. Another secondary factor
might be that the properties of ultrasound gel mixed with brass exhibit different physical
characteristics at low temperatures. It is interesting to note that the ultrasound gel control mixture
continues to suspend the beads even after two and a half months after injection. Perhaps the
difference in freezing temperatures of the soft tissue and the gel created an increase in pressure in
the confined cavities, causing the beads to group together. Lastly, the position of the specimen
placed during the freezing phase of the experiment might have influenced how the beads spread
due to the pull of gravity. However, this is unlikely to have occurred because the beads in the

control mixture have not moved due to gravity.
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CHAPTER 5

CONCLUSIONS

5.1 Initial Approach — Latex Injection

This project originally used latex as an injection material for the cadaveric study. The
methods were inspired by another study that utilized fixed tissue, rather than fresh-frozen tissue
., Due to the nature of fresh-frozen tissue’s susceptibility to decomposition, leaving the specimen
at room temperature with injected latex was not possible. Thus, a test trial of a fresh specimen
injected with latex was placed inside a refrigerator to see if the latex would harden under cooler
temperatures. Unfortunately, the liquid latex remained in its liquid form after nine days in a
refrigerator at 4.4°C (the average temperature of a refrigerator). Since the latex did not harden,
the original plan for a visual learning module utilizing latex and a fresh-frozen specimen was not

possible.

5.2 Alternative Approach — Ultrasound Gel Injection

The conflict with using latex led to the idea of using ultrasound gel. However, ultrasound
gel does not cure or harden spontaneously like latex. Also, ultrasound gel does not have
radiopaque properties that can be useful in CBCT imaging. Therefore, the method of freezing the

sample after it is injected with brass beads mixed with ultrasound gel was proposed.
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5.3 Future Approach — Learning Module

The final data produced was unfortunately not enough to develop the intended learning
module. However, the use of CBCT imaging of a post-injected cadaver still serves a great
potential for analyzing the breadth and boundaries of fascial spaces. Future projects are to be
carried out with, but not limited to, the suggested list of adjustments:

e Increase the number of cadaveric specimens

o All specimens used are intact and includes the bust (head, neck, shoulders, and breast)

e The selected donors for the study must not have a history of:

e Any form of neck surgery

e Any major head and neck infections

e Any major head and neck trauma

e Include a control group to use for additional analysis

e Increase the ratio of beads to gel in aim to cover more volume of the target fascial space
e Minimize the number of freeze-thaw cycles before (from transportation) and during the

project. This will tackle the freeze-fracture theory.

The succeeding projects are ultimately carried out in the hope of developing a visual
learning module. Dental students can benefit by having accessible and visually enhanced
information on relationships of fascial spaces of the head and neck. With sufficient data, the RPS
can be demonstrated in its entirety with all the anatomical relationships. The visual occupancy of
the RPS in CBCT imaging lays the foundation of this learning module. Next, an assessment of
students in the medical field like dental students must be made. A series of questionnaires
completed by the students before and after exposure to the learning module can evaluate and
quantify their learning. Finally, the effectiveness of implementing a new learning module must be

statistically analyzed by SPSS software with a Mann-Whitney U test.

44



REFERENCES

wQgura, I., Minami, Y., Sugawara, Y., Mizuhashi, R., Mizuhashi, F., Oohashi, M., and Saegusa,
H. (2022). Odontogenic Infection Pathway to the Parapharyngeal Space: CT Imaging
Assessment. Journal of Maxillofacial and Oral Surgery, 21(1): 235-239
https://doi.org/10.1007/s12663-020-01401-3

@Hoang, J. K., Branstetter, B. F., IV., Eastwood, J. D., and Glastonbury, C. M. (2011).
Multiplanar CT and MRI of Collections in the Retropharyngeal Space: Is It an Abscess?
American Journal of Roentgenology, 196(4): 426-432.
https://doi.org/10.2214/AJR.10.5116

B Hollinshead, W. H. (1968). Anatomy for Surgeons: Volume 1 The Head and Neck. Harper &
Row

“Feigl, G., Hammer, G.P., Litz, R., and Kachlik, D. (2020). The Intercarotid or Alar Fascia, other
Cervical Fascias, and their Adjacent Spaces - A Plea for Clarification of Cervical Fascia
and Spaces Terminology. Journal of Anatomy, 237(1):197-207.
https://doi.org/10.1111/joa.13175

BlPaik, D., and Shin, S. Y. (2008). An Anatomical Study of the Inferior Oblique Muscle: The
Embalmed Cadaver vs the Fresh Cadaver. American Journal of Ophthalmology, 147(3):
544-549 https://doi.org/10.1016/j.aj0.2008.09.012

©1Schleip, R., Hedley, G., and Yucesoy, C.A. (2019). Fascial nomenclature: Update on related
consensus process. Clinical Anatomy, 32(7): 929-933. https://doi.org/10.1002/ca.23423

mGuidera, A.K., Dawes, P.J.D., Fong, A., and Stringer, M.D. (2014). Head and Neck Fascia and
Compartments: No space for spaces. Head Neck, 36: 1058-1068.
https://doi.org/10.1002/hed.23442

®Scali, F., Nash, L.G., and Pontell, M.E. (2015). Defining the Morphology and Distribution of
the Alar Fascia: A Sheet Plastination Investigation. Annals of Otology Rhinology &
Laryngology, 124(10). https://doi.org/10.1177/000348941558812

© Kumka, M., and Bonar, J. (2012) Fascia: A Morphological Description and Classification
System Based on a Literature Review. Journal of the Canadian Chiropractic Association,
56(3):179-191. PMID: 22997468; PMCID: PMC3430451

mSnosek, M., Macchi, V., Stecco, C., Tubbs, R. S., De Caro, R., and Loukas, M. (2020).
Anatomical and Histological study of the Alar Fascia. Clinical Anatomy, 34(4): 609-616.
https://doi.org/10.1002/ca.23644

mINorton, N. S. (2017). Netter's Head and Neck Anatomy for Dentistry (3 ed). Elsevier

121 Grodinsky, M., and Holyoke, E. (1938) The Fascia and Fascial Spaces of the Head, Neck and

Adjacent Regions. American Journal of Anatomy, 63: 367-408.
https://doi.org/10.1002/aja.1000630303

45



m31Gatt, A., Agarwal, S., and Zito, P.M. (2022). Anatomy, fascia layers. StatPearls Publishing
[Internet]. https://www.ncbi.nlm.nih.gov/books/NBK526038/

w4 Phan, T., Lay, J., and Scali, F. (2022) The Alar Fascia and Danger Space: A Modern Review.
Cureus, 14(12). https://doi.org/10.7759/cureus.32871

s Bordoni, B., Mahabadi, N., and Varacallo, M. (2022). Anatomy, Fascia. StatPearls Publishing
[Internet]. PMID: 29630284.

uel Moore, K. L., Dalley, A. F., and Agur, A. M. R. (2014). Clinically Oriented Anatomy (7" ed).
Lippincott Williams and Wilkins.

o1 Kitamura, S. (2017). Anatomy of the Fasciae and fascial spaces of the maxillofacial and the
anterior neck regions. Anatomical Science International, 93(1):1-13.
https://doi.org/10.1007/s12565-017-0394-x.

8 Gaddipati, R. (2021). Fascial Space Infections. Oral and Maxillofacial Surgery for the
Clinician. https://doi.org/10.1007/978-981-15-1346-6_21

w1 Zhang, M., and Lee, A.S.J. (2016). The Investing Layer of the Deep Cervical Fascia does not
Exist between the Sternocleidomastoid and Trapezius muscles. American Academy of
Otolaryngology - Head and Neck Surgery Foundation, 127(5).
https://doi.org/10.1067/mhn.2002.12982

20 Gavid, M., Dumollard, J.M., Habougit, C., Lelonge, Y., Bergandi, F., Peoc’h, M. and Prades,
J.M. (2018). Anatomical and Histological Study of the Deep Neck Fasciae: does the Alar
Fascia Exist? Surgical and Radiological Anatomy, 40: 917-922.
https://doi.org/10.1007/s00276-018-1977-5

21 Glinski, A. V., Elia, C., Yilmaz, E., Frieler, S., Ishak, B., Anand, M. K., lwanaga, J., Abdul-
jabbar, A., Oskouian, R. J., Tubbs, S., and Chapman, J. R. (2020). Space-Occupying
Lesions of the Retropharyngeal Space: An Anatomical Study with Application to
Postoperative Retropharyngeal Hematomas. AO Spine, 11(5).
https://doi.org/10.1177/2192568220922192

21 Arweiler, N. B., and Netuschil, L. (2016). The Oral Microbiota. Advances in Experimental
Medicine and Biology, 902: 45-60 https://doi.org/10.1007/978-3-319-31248-4 4

23 L_arawin, V., Naipao, J., and Dubey, S. P. (2006). Head and Neck Space Infections.
Otolaryngology - Head and Neck Surgery, 135(6): 889-893.
https://doi.org/10.1016/j.0tohns.2006.07.007

2 Huemer, M., Shambat, S. M., Brugger, S.D., and Zinkernagel, A. S. (2020). Antibiotic
Resistance and Persistence - Implications for Human Health and Treatment Perspectives.
EMBO Reports, 21(12). https://doi.org/10.15252/embr.202051034

1 Zinner, S. H. (2007). Antibiotic use: Present and Future. The New Microbiologica, 30(3): 321-
325. PMID: 17802919

46



2 Flynn, T. R., Shanti, R. M., Levi, M. H., Adamo, A. K., Kraut, R. A., and Trieger, N. (2006).
Severe Odontogenic Infections. Journal of Oral and Maxillofacial Surgery, 64(7): 1093-
1103. https://doi.org./10.1016/j.joms.2006.03.015

@1 Sjqueira, J. F., Jr., and Rdgas I. N. (2013). Microbiology and treatment of acute apical
abscesses. Clinical Microbiolgy Reviews, 26(2): 255-273.
https://doi.org/10.1128/CMR.00082-12

@ Kim, E. S., Kang, J. W., Kim, C. and Hong, J. M. (2014). Cervical Subcutaneous Emphysema
and Pneumomediastinum After Septorhinoplasty. Journal of Craniofacial Surgery, 25(2):
533-534. https://doi.org/10.1097/SCS.0000000000000693.

2 Kukuruza, K., and Aboeed, A. (2022). Subcutaneous Emphysema. StatPearls Publishing
[Internet]. https://www.ncbi.nIm.nih.gov/books/NBK542192/

1 Paouris, D., Barkociova, J., Pavlik, S., Sebova, L. (2022). Deep Subcutaneous Cervical
Emphysema Related to Mastoid Fracture in an Adolescent Patient - Case Report. Clinical
Case Reports, 10(9). https://doi.org/10.1002/ccr3.6306

B Ciccio, A. D., and Chan, E. C. (1998). Elimination of Microorganisms from Dental Operatory
Compressed Air. Journal of Canadian Dental Association, 64(1): 42-47. PMID:
9473876.

B2 Cuccia, A.M., and Geraci, A. (2019). Cervicofacial and Mediastinal Emphysema After Dental
Extraction. Dental and Medical Problems, 56(2): 203-207.
https://doi.org/10.17219/dmp/108615

B31Tan, S., and Nikolarakos, D. (2017). Subcutaneous Emphysema Secondary to Dental
Extraction: A Case Report. Australian Dental Journal, 62(1): 95-97.
https://doi.org/10.1111/adj.12464

B4 Lindner, H. H. (1986). The Anatomy of the fasciae of the Face and Neck with Particular
Reference to the Spread and Treatment of Intraoral Infections (Ludwig’s) that Have
Progressed into Adjacent Fascial Spaces. Annals of Surgery, 204(6): 705-714.
https://doi.org/10.1097/00000658-198612000-00015

= Merwe, P. V. D., Rule, R., Olorunju, S., and Jacobs, F. (2023). The Empirical use of
Aminoglycosides in Ludwig's Angina based on Bacterial Analysis of 63 Cases. Journal
of Stomatology, Oral and Maxillofacial Surgery, 124(4): 1014009.
https://doi.org/10.1016/j.jormas.2023.101409

Bl AlHindi, M., Rashed, B., and AlOtaibi, N. (2016). Failure Rate of Inferior Alveolar Nerve
Block Among Dental Students and Interns. Saudi Medical Journal, 37(1): 84-89.
https://doi.org/10.15537/smj.2016.1.13278

B71You, T.M., Kim, K.D., Huh, J., Woo, E.J., and Park, W. (2015). The influence of mandibular
skeletal characteristics on inferior alveolar nerve block anesthesia. Journal of Dental
Anesthesia and Pain Medicine, 15(3): 113-119.
https://doi.org/10.17245/jdapm.2015.15.3.113

47



=8 Duda, M. (April 2021). Waste Management Guide. Creighton.
https://my.creighton.edu/researchservices/ehs/labsafety/hazardouswasteinformation/

BIWoo, S.L., Orlando, C. A., Camp, J. F., and Akeson, W. H. (1986). Effects of Postmortem
Storage by Freezing on Ligament Tensile Behavior. Journal of Biomechanics, 19(5):
399-404. https://doi.org/10.1016/0021-9290(86)90016-3

“l Shaw, J.M., Hunter, S.A., Gayton, J.C., Boivin, G.P., and Prayson, M.J. (2012). Repeated
freeze-thaw cycles do not alter the biomechanical properties of fibular allograft bone.
Clinical Orthopaedics and Related Research, 470(3):937-43.
https://doi.org/10.1007/s11999-011-2033-5

48



	Thesis Blank + Signature Page
	Thesis Preliminaries 
	Yip - Final Draft - Thesis
	Blank Page

