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Abstract: Objective — to review available publications and identify unresolved issues in assessing the functional state of the oral cavity and
pharynx, along with swallowing disorders in oncopathology of head and neck, depending on the treatment method. The paper discusses
the problems of the extent of surgical interventions and their relationship with the possibility of maintaining the act of swallowing, and
contemporary understanding of the swallowing mechanism in normal and pathological conditions. Studies on postoperative pain
management and feeding techniques of cancer patients are described.
Conclusion — The mechanisms of impaired swallowing after surgery and chemoradiotherapy have been analyzed. For the first time, the
mechanisms of damage to swallowing have been analyzed, and the ways of overcoming pathological conditions, such as dysphagia and
pain, were substantiated, with topographic and anatomical details. The perspectives of resolving the issue of nutritional status restoration
were outlined.
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Tumors of head and neck constitute a significant group of
malignant neoplasms characterized by a progressive increase in
morbidity. According to the data, published in 2015 by the Global
Burden of Disease Cancer Collaboration, over 600 thousand new
cases of head and neck cancer were registered worldwide in 2013,
while the mortality rate only in cases of mouth and pharynx
lesions exceeded 300 thousand people [1]. Worldwide estimates
show that oral cancer is one of the most common cancers in the
world: it falls into the top ten of cancer categories. For example,
cancer of the oral cavity and oropharynx occupy the eighth place
among all localizations, which corresponds to 2.5% of all cancer
cases [2, 3]. According to the Age-Standardized Rater (USA), oral
cancer occurred in 5.8% of men and 2.3% of women per 100,000
population in 2015. Malignant tumors of the oral cavity are usually
considered in conjunction with lesions of the lips and oropharynx
[4, 5]. There are also significant geographical differences in tumor
incidence, where Ukraine occupies an intermediate place [5-7].
According to the National Cancer Registry of Ukraine, in 2019,
head and neck tumors occupied up to 20% of all oncopathology.
Most often people are diagnosed with oral cancer, which
constitutes 9.6 cases per 100 thousand population, laryngeal
cancer (5.7 cases), lip cancer (4.1 cases), and pharyngeal cancer
(4.2 cases) [8]. The incidence of head and neck cancer is growing
steadily and is characterized by high aggressiveness. Despite the
fact that these are tumors of visual localization, the majority of
people (over 70%) among newly spotted patients with squamous
cell carcinoma of the head and neck are diagnosed with common

forms of the disease, which are characterized by a significant
tumor size and its spread to adjacent structures; 43% of them have
regional, and 10% have distant, metastases [9, 10]. Mortality up to
a year from the date of diagnosis is 52.2% for oral cancer, 38.4%
for laryngeal cancer, 12.9% for pharyngeal cancer, and 6.8% for lip
cancer [11]. Currently, the treatment of head and neck tumors
requires a multidisciplinary approach, involving surgeons, radiation
specialists and chemotherapists. Despite modern advances in the
field of radiation and chemotherapeutic treatment, in the
treatment of tumors of this localization, the surgical method
occupies an essential place, which, in turn, brings up a number of
problematic issues. The first issue is related to the fact that there
is no unified protocol for the treatment of neoplasms of this
localization in the world (and in Ukraine). The second issue
involves inaccessible topographic and anatomical location of the
tumor. The third issue includes significant frequencies of local
recurrences, metastases, functional disorders, concomitant
pathologies, and mortality [12, 13].
This review paper is based on materials collected from
multiple databases (PubMed, SCOPUS, Web of Science, Google
Scholar), libraries, personal experience, and original observations
on the issue of swallowing disorders.
The objective of our study was generalization of literaturebased data and identification of unresolved issues in assessing the
functional state of the oral cavity and pharynx, as well as
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swallowing disorders in head and neck cancer patients versus the
treatment method.
Our article discusses the problems of the extent of surgical
interventions and their relationship with the possibility of
maintaining the act of swallowing, and contemporary
understanding of the swallowing mechanism in normal and
pathological conditions. Studies on postoperative pain
management and feeding techniques of cancer patients are
described.
Surgical treatment of head and neck tumors usually results in
damage to one or more of the neuro-muscular swallowing
complexes that provide the oral (preparatory) or pharyngeal
phase. If the tumor is located in the anterior part of the oral cavity,
and resection is necessary, but there is the possibility of
maintaining nervous system control and reconstruction of the
defect, then this fact allows increasing the movement of the
residual tongue, which in turn would lead to better function. The
more the tongue is bonded with its anterior to the bottom of the
mouth or restricted on the side, the more severe the swallowing
disorder would be. The tongue is responsible for controlling food
during chewing and moving the bolus posteriorly to initiate
swallowing. Tongue movement is a part of the stimulus to induce
the pharyngeal phase of swallowing: it plays an important role in
generating pressure in the oral and pharyngeal regions. Thus,
joining the pharyngeal swallowing, as well as in the oral phase, the
tongue, in the course of its lateral movements, reduces the need
for intense chewing, controls food in the oral cavity and initiates
the swallowing process [14, 15].
The doctor, when planning surgical treatment, must always
know the exact, reasonable extent of resection and, accordingly,
the reliable nature of the consequent reconstruction. These two
factors, generally, provide all needed information to predict, or to
determine, the exact nature of the swallowing problems, which a
patient could experience in the postoperative period. When the
tumor is located in the back of the mouth and oropharynx (the
tonsils or the root of the tongue), surgical treatment would usually
cause more severe swallowing problems, as opposed to when it is
located in the anterior region. The area of the posterior third of
the mouth and the root of the tongue is the region between the
oral and pharyngeal phases of swallowing. Any treatment directed
at this area may affect the mobility of the tongue at the oral stages
of swallowing, the occurrence of the swallowing reflex (which
occurs mainly in the area of the tongue root and tonsils) and
pharyngeal motility, because this process also includes the upper
pharyngeal constrictor, fixed laterally to the mandible and the root
of the tongue [17]. The root of the tongue plays an important role
in propelling the bolus through the oropharynx as well, since it
contributes to the formation of pressure in the oropharynx.
Surgical reconstruction, which creates the greatest range of
motion for the root and body of the tongue, would result in better
control of the tongue during swallowing. But the patient could still
experience some delay in the onset of the pharyngeal stage of
swallowing and some degree of reduced pharyngeal peristalsis.
Swallowing can improve the onset of pharyngeal swallowing, but a
decline in pharyngeal motility is usually a significant factor. In turn,
the result of such reduced motility of the pharyngeal muscles is
ineffective swallowing, with food debris remaining contained in
the oropharynx. There is a constant risk of aspiration if the patient
inhales uncontrollably while swallowing. To prevent this
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complication, such patients usually cough repeatedly when eating
[18].
Then the second phase of swallowing begins: pharyngeal
phase of peristaltic waves. It begins in the upper constrictor and
successively moves through the middle to the lower constrictor.
When peristalsis is reduced or interrupted, there is a retention of
food in the valleculae of the tongue, or on the walls of the pharynx
until the pear-shaped sinuses. The peristaltic waves of the pharynx
are intended to remove any residual food, following the bolus.
Surgical intervention in the pharyngeal wall reduces the possibility
of pharyngeal contraction. At greater resection volume, more food
remains in the pharynx. When large portions of the pharynx are
resected, peristalsis can be so severely reduced that the muscular
apparatus cannot move food at all. In addition, a decrease in the
motility of the pharynx is associated with a number of surgical
operations, performed on the lateral walls of the pharynx, which
may contribute to fixation of the larynx with scar tissue, so that
the larynx does not rise enough when swallowing, as a result of
which the epiglottis cannot approach the upper part of the larynx
and aryepiglottic folds [14, 20].
Epiglottic protection is not the main protection of the
respiratory tract, although it significantly prevents the penetration
of food into the vestibule of the larynx. There are several theories
regarding the mechanisms that promote epipharyngeal closure
during swallowing [14]. The first theory states that the epiglottis is
closed by direct muscle tension, specifically in the aryepiglottic
folds. The second hypothesis indicates that bolus travels over the
body and the root of the tongue, then flips over the epiglottis and
pushes it down. The third – and most widespread – explanation
presumes that epiglottis is closed by the forces of the posterior
part of the tongue when larynx is raised high [14, 15, 16]. The
epiglottis root is fixed to the thyroid cartilage. Therefore, when
epiglottis folds, the tongue moves backward, and the larynx rises
during the swallowing. This hypothesis is supported by the fact
that, in patients with a smaller height of the larynx rise, the
epiglottis movement is significantly reduced.
When the larynx does not rise sufficiently, and the epiglottis is
more upright during swallowing, the peristalsis of the pharynx
cannot clear residual food around the epiglottis and the laryngeal
vestibule. Since, as a result of surgical interventions, the larynx is
lower than it normally would be in the course of swallowing, this
leads to retention and ingestion of food in the respiratory tract.
This residual food around the laryngeal vestibule is easily inhaled
by the patient after swallowing, when the airways are opened in
the usual anatomical and physiological way. Any damage to the
walls of the pharynx or to the external tissues of the neck may
limit the rise of the larynx, causing scarring [14, 17, 20].
In general, swallowing is a complex physiological mechanism.
Most of the time, the pharynx performs other functions, besides
swallowing, and only for a few seconds turns into a tract for
swallowing food. In the process of swallowing, neuroreflex control
of breathing is especially important. The issue of a swallowing
mechanism was discussed already back in the nineteenth century.
For example, F. Magendie (1817) and most authors of that time
considered swallowing a peristaltic process. Later, H. Kronecker, S.
Melter, and Falk (1880, 1883) presented the act of swallowing as a
piston-like process [20]. Currently, it is generally accepted that
both mechanisms take place at different phases of swallowing.
During the spontaneous phase, food is ready to be swallowed,
compressed and rolled under the pressure of the tongue
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posteriorly against the palate. Then, the bolus is pushed into the
throat by the force of the tongue. From this point on, swallowing
becomes automatic and cannot be stopped.
During the pharyngeal stage, the food bolus is pushed
posteriorly; it stimulates the area of tactile receptors along the
entire open surface of the pharynx, and specifically the tonsillar
hairs, as a result of which impulses from them pass along the
sensitive branches of the trigeminal and glossopharyngeal nerves
to the swallowing center in the medulla oblongata, and at its
command, a series of automatic contractions of the pharyngeal
muscles starts. The soft palate is pulled up, closing the entrance to
the choanae, thereby preventing food from being thrown into the
nasal cavity. The palatine arches converge medially, forming a
sagittal fissure, through which food passes into the hypopharynx.
The gap formed in this way delays the passage of large food
objects. This stage of swallowing lasts about one second, but large
objects are held back and do not pass. The vocal cords of the
larynx come together tightly, and the epiglottis moves posteriorly
over the superior opening of the larynx.
Both of these effects prevent food from entering the trachea.
The convergence of the vocal cords is especially important, while
the epiglottis helps preventing food from getting onto the vocal
cords. Epiglottis removal would not result in serious swallowing
problems, but damage to the vocal cords can lead to suffocation,
meaning that without the epiglottis, the risk of respiratory failure
increases. Simultaneously, both the larynx and the pharynx are
pulled up and anteriorly by the muscles, attached to the hyoid
bone and lifting the pharynx. At the same time, the lower
pharyngeal sphincter around the entrance to the esophagus,
preventing the passage of air into it during inhalation, is relaxed,
thus allowing food to pass.
Raising the larynx upwards removes it from the main flow of
food, which is an additional factor in protecting the trachea. At a
time, when the larynx is raised and the lower pharyngeal sphincter
is relaxed, superior pharyngeal constrictor muscle is compressed,
which contributes to the formation of a fast peristaltic wave
passing down the pharyngeal muscles into the esophagus (A.C.
Guyton 1971). Thus, the mechanism of the pharyngeal stage of
swallowing consists of two interrelated effects: the trachea is
closed while the esophagus is open.
During surgical interventions in the area of the oropharynx,
volumetric defects of the pharynx are formed, as well as the
defects of ligamentous-muscular apparatus, which ensures the rise
and closure of the larynx. In operated patients, when trying to
swallow food, the laryngopharyngeal complex deviates sharply
towards the intact side, as a result of which swallowing becomes
impossible. When planning an operation in patients with
oropharyngeal cancer, a possible postoperative defect should be
evaluated from both anatomical and physiological perspectives
[14, 20]. Surgical reconstruction or preservation of anatomical
structures can significantly increase or decrease such functional
consequences [21-24]. However, the methods of plastic and
reconstructive surgery are rarely used due to their complexityб
even though most defects, arising after surgical removal of the
tumor, should be eliminated immediately after the tumor removal
[20].
Currently, the following types of reconstructive surgery are
used: plastic surgery with a free skin flap [25], regional skin,
combined musculocutaneous, arterialized flaps with an axial
vascular pattern (deltopectoral), free microsurgical from distant
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body parts, and musculocutaneous flap of the subcutaneous neck
muscle [20, 27, 31, 45]. At the same time, free arterialized complex
flaps from distant body parts are also actively used worldwide by
employing microsurgical procedures [25-30].
In connection with the extent of surgical interventions and
difficulties of postoperative closure of defects, chemoradiation
therapy is of great importance. However, despite the fact that this
method is considered conservative, the complications, associated
with it, are no less severe [31-33]. In addition, with a significant
prevalence of the tumor process, radiation is used as one of the
key stages of combined and complex treatment [34]. The choice of
a treatment method should take into account both its
effectiveness and possible complications. The evolution of modern
conservative treatment methods, such as radiation therapy and
chemotherapy, could significantly improve their direct antitumor
effect, but is accompanied by an increased risk of complications,
leading to a reduction in the quality of life in patients, and
sometimes to severe disability or even death [35-37].
There is also a small number studies on the effects of oral,
pharyngeal, and laryngeal radiation therapy on swallowing
function. The immediate and long-term effects of radiation
therapy on oral tissue and salivary glands have been well
documented [38]. Immediate effects during therapy include
irritation, mucositis, and edema. Long-term effects include
xerostomia, tissue devascularization, and jaw necrosis. Toothache
may also affect chewing performance. The effect of radiation is
observed, such as augmented fibrosis of the tongue and
masticatory muscles, as well as an increase in the frequency of
caries. The influence of changes in the tissues of the oral cavity
and salivation on swallowing remains unresolved problem, but
probably increased fibrosis reduces the range of the tongue
motion, thereby leading to the swallowing pathology [39, 40].
There are some late signs of radiation therapy causing longterm effects on swallowing, starting six months after it. E.g., in the
study by O. Ekberg and G. Nylander (1983), 125 patients received
radiotherapy. Their condition was examined one year or more
after completion of radiation therapy. In these patients, significant
changes in pharyngeal motility were observed, probably
associated with a decrease in flexibility of the pharyngeal
constrictors due to increased fibrosis.
Due to the decreased peristalsis in patients, there was a
retention of food residue in the pharynx after swallowing and a
tendency to inhale this residue into the respiratory tract after
swallowing. The decreased peristalsis of the pharynx was quite
serious, which impeded free passage of any food, except for liquid,
through the pharynx and into the esophagus. The level of the
critical dose, at which these permanent and long-term effects
affect the neuromuscular structures to a greater extent, requires
further study [41]. With radiation therapy, dryness and stomatitis
of the oral cavity usually occur. They constitute a substantial
problem that has not been completely resolved. Recognized
methods of wetting and pain relief are not very effective [42-44].
However, combined treatment with radiation therapy at initial
stages can be used, which was first applied by V.M. Zykov (1913).
According to E.G. Matyakin and A.A. Uvarov (1988), P.P. Kumar et
al (2004), and J. Bernier et al (2007), in conditions of regular
processes of the oral cavity with an ulcerative-infiltrative neoplasm
growth, accompanied by pain and disruption of nutritional
process, at the first stage of treatment, radiation therapy, followed
by surgical intervention, is indicated. In 1960s-1970s, there were
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reports on the possibility and advisability of combined tumor
treatment of the tongue root, and it was concluded that
preoperative radiation therapy is more appropriate for cancer of
the oral cavity and oropharynx [45]. Still, there are practically no
recommendations for a combined treatment method with planned
surgical intervention for cancer of the anterior palatine arches. In
its turn, preoperative radiation therapy under conditions of tumor
intoxication and dysphagia leads to early radiation reactions with
an exacerbation of pain, and as a result, it is not always possible to
complete the first treatment stage. Two-year disease-free survival
in this group of patients was 65.3% [45]. Therefore, such
conditions require high-quality pain relief and even tube feeding
[46].
Assessment of the depth of swallowing disorders has a number
of difficulties due to lack of objective control methods. The degree
of impaired swallowing is evaluated primarily on the patient’s
subjective perception: it hurts or it does not; can or cannot
swallow; what consistency of the food it is possible to swallow,
etc. There are also clinical research methods: palate inspection at
rest and during phonation; determination of palatine and
pharyngeal
reflexes; swallowing
test.
However, the
implementation of these techniques in operated patients is quite
difficult, due to the pain of the postoperative wound, limitation of
mouth opening, and tube feeding. Besides, there are instrumental
methods for studying the act of swallowing: video fluoroscopic
swallowing exam and transnasal endoscopy. However, the
application of these methods is limited due to the complexity of
these techniques and limited possibilities of their use in dynamics.
Although the least traumatic and most common method for
examining the act of swallowing is the ultrasound technique, the
methods for evaluating the results of ultrasound research are not
sufficiently developed, because oncologists at the departments of
head and neck neoplasms are not proficient in ultrasound
techniques, whereas ultrasound examination specialists at
polyclinics are not able to perceive the complexity and extent of
operations performed by surgeons. Also, the specificity of the
anatomical relationships among the structures, involved in the act
of swallowing, is a daunting task for ultrasound diagnostics
physicians; hence, the method of ultrasound identification of the
muscles of the maxillofacial region has not yet been developed.
Thus, the top optimal option in resolving this issue, in our opinion,
is a combination of knowledge of anatomical formations and skills
of ultrasound examination by the same physician – for example, by
the maxillofacial surgeon at the department of head and neck
tumors. Moreover, in well-known guidelines for ultrasound
diagnostics, there is usually no section dealing with the
maxillofacial region [47-49].
B-mode ultrasound imaging visualizes the genioglossus,
geniohyoid, mylohyoid and digastric muscles. To describe the
entire neuromuscular complex during ultrasound examination,
which takes part in the act of chewing and swallowing, it is
necessary to review the anatomical and physiological data and
their systematization. Therefore, we have proposed the following
parameters: geniohyoid distance; longitudinal study of the
suprahyoid muscle group; transverse study of the suprahyoid
muscle group; studies in the lateral projection of the digastric
muscle anterior belly; determination of the muscle contraction
amplitude on the right and on the left, which makes it possible to
compare their synchronicity and contraction force (patent
application for invention No. a201911764).
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Also, we now describe in more detail the extent of defects,
where the anatomical and physiological data on muscle groups
and organs, corresponding to the stages of food bolus formation
and swallowing, are the basis for assessing the postoperative
defect. E.g., we systematized the anatomical and physiological
structures, depending on the sequence of the act of chewing and
swallowing. The muscles that participate in the act of biting,
mastication and chewing include the anterior belly of the digastric
muscle, the mylohyoid, masseter and temporal muscles, as well as
lateral and medial pterygoid muscles, which are innervated by the
mandibular branch of the trigeminal nerve. The muscles that take
part in lifting the root of the tongue up and shortening it, thus
preparing the food bolus for pushing into the laryngopharynx
outside the pharyngeal epiglottis fold are posterior belly of the
digastric muscle, stylohyoid, and hyoglossus. Innervation is carried
out by the facial nerve, which provides slow, regulated muscle
contraction. The third arch includes the muscles of the larynx and
pharynx. Here, a spontaneous stage of swallowing occurs, an
uncontrolled passage of food into the larynx and esophagus.
Innervation here is done by the glossopharyngeal nerve [16, 20].
The knowledge of this neuromuscular apparatus with functions
is extremely important when planning surgical interventions and
anticipating possible disorders in the formation of a food bolus
and swallowing.
In addition, there are nutritional problems in cancer patients
with pathology of the oral cavity and oropharynx, because
recommendations for completely balanced and nutritious diet
have not yet been developed. We consider the founders of the socalled therapeutic nutrition N.I. Pirogov (1854), who was the first
to propose a cup for feeding patients with injuries of the
maxillofacial region, and I.S. Rubinov (1958) with his technique for
assessing the effectiveness of chewing, and graduated cups for
feeding the patients. The patients, even while on tube feeding in
the postoperative period, continue to lose weight. That is why
Yu.K. Sizrantsev and Yu.I. Travnikov (1983) suggested for patients,
who underwent radiation therapy and chemotherapy in the
postoperative period, to use energy-rich food substitutes (which
they named ‘enpits’) that played a crucial role in increasing the
body resistance due to the production of T and B lymphocytes. But
even today, the issue of nutrition for cancer patients with
pathology of the maxillofacial region remains relevant and
requires further study and development of nutrition schemes.
There have been a very few reports on pain relief in such
patients in the postoperative period to facilitate swallowing. Thus,
we proposed the method of prolonged blockade of the trigeminal
nerve branches at the oval and round holes in cancer patients in
the postoperative period [50]. Yet solely the anesthesia of the
trigeminal nerve mandibular branch is not sufficient for painless
swallowing, since it is necessary to take into account the
innervation of the muscles, ensuring the lifting of the tongue root
upward and pushing the bolus into the laryngopharynx. Without
this neuromuscular complex anesthesia, the act of swallowing
would remain difficult, and even impossible in some cases.
Discussion
Despite some approaches to the issue of impaired swallowing
and methods of its correction, an integrated approach is still
lacking. Therefore, future clinical and experimental studies should
focus on elucidating the mechanisms of impaired swallowing and
the degrees of dysphagia and aphagia in cancer patients, as well as
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on developing a method for managing patients in the
postoperative period with maintaining adequate pain relief and
nutritional status. It is also necessary to improve the methods of
diagnosing the mechanisms of swallowing disorders via refining
the interpretation of ultrasound images of operated areas.
Conclusion
The mechanisms of impaired swallowing after surgery and
chemoradiotherapy have been analyzed. For the first time, the
mechanisms of damage to swallowing have been analyzed, and
the ways of overcoming pathological conditions, such as dysphagia
and pain, were substantiated, with topographic and anatomical
details. The perspectives of resolving the issue of nutritional status
restoration were outlined.
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