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Abstract: Surgery is the current first choice for oral cancer treatment. Intensity-modulated radiation
therapy, molecular targeted drugs, and immune checkpoint inhibitors are still used as adjuvant
therapy for advanced cancer. In addition, postoperative rehabilitation and multidisciplinary treatment
have also been developed in recent years. Multidisciplinary team approaches and supportive care
in oral cancer treatment reportedly shorten the time to treatment and improve outcomes. Although
there is enough evidence confirming the role of oral and maxillofacial surgeons, dentists, and dental
hygienists in supportive care in oral cancer treatment, there are very few systematic studies. In
particular, oral health management is a concept that encompasses oral function management, oral
hygiene management, and oral care during oral cancer treatment. We provide a narrative review
focusing on oral health management from a multidisciplinary and supportive care perspective,
applicable in oral cancer treatment.

Keywords: oral cancer; oral health management; oral function management; oral hygiene management;
oral care; rehabilitation

1. Introduction

Oral and oropharyngeal cancer is the sixth most common cancer worldwide [1]. The
incidence of oral cancer is particularly serious in South Central Asia and includes three
common cancers [2]. It has been reported that the number of patients is increasing due to
increased exposure to risk factors, especially in Asia [3]. Much of the modern knowledge
about oral cancer treatment comes from the 19th and 20th centuries; it can be traced back to
1841 when Theodor Kocher and his colleagues operated on 120 patients with oral cancer [4].
Around 1905–1906, cervical dissection was proposed as an extended resection for oral
cancer. In 1963, conservative cervical dissection was developed to preserve the accessory
nerves and other parts of the body [4,5]. In addition, the development of reconstructive
surgery has also contributed greatly to the improvement of patients’ quality of life (QoL),
and surgery under computer simulation is becoming more common [6]. Currently, surgery
is still the first choice for oral cancer treatment in both the elderly and the young [7]. Still,
intensity-modulated radiation therapy, molecular targeted drugs, and immune checkpoint
inhibitors are now used as adjuvant therapy for advanced cancer [8–10]. However, it is not
only the treatment but also postoperative rehabilitation and multidisciplinary treatment
that have been developed in recent years. In fact, it is not a single disability after oral cancer
treatment, but rather multiple disabilities (dysphagia, dysarthria, esthetic disorders, and
psychosocial disorders) that can significantly impair QoL, thus requiring multidisciplinary
intervention [11]. The fact that the suicide rate among oral cancer patients, or those
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who have undergone oral cancer treatment, is the highest among all cancers is another
indication of the intensity and difficulty of oral cancer treatment [12,13]. Multidisciplinary
team approaches and supportive care have been reported to shorten the time to treatment
and improve outcomes. A review article by Licitra et al. stated that the core team for
oral cancer requires intervention from 20 professions and that the extended team requires
intervention from 32 professions, including oral management specialists such as oral and
maxillofacial surgeons, dentists, and dental hygienists [14]. In fact, even patients who
have undergone intense oral cancer treatment can return to society with an appropriate
team approach to oral health management and rehabilitation (Figure 1A–D). However,
although scattered evidence exists on the role of oral management specialists in supportive
care in oral cancer treatment, there are few systematic studies. In particular, there are
very few studies on oral health management as a concept that encompasses oral function
management, oral hygiene management, and oral care in oral cancer treatment. In addition,
there are no established follow-up programs for post-treatment oral cancer patients in
daily clinical practice [15]. Therefore, the purpose of this article was to provide a narrative
review focusing on oral health management from a multidisciplinary and supportive care
perspective in oral cancer treatment.
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2. Oral Health Management in Oral Cancer Patients 
Oral health management is defined as interventions for comprehensive oral-related 

factors (Figure 2). According to a review by Wong et al., systemic condition (body mass 

Figure 1. A case of tongue squamous cell carcinoma (T4aN3bM0, Stage IVB) treated with a tra-
cheotomy, tumor resection, modified radical neck dissection (Type III), and pectoralis major muscu-
locutaneous flap reconstruction; the patient recovered to be able to eat with palatal augmentation
prosthesis. After completing chemoradiotherapy, the patient takes almost all of their nutrition orally
and does well, with no recurrence or metastasis. (A) Mirror view of the primary tumor on the dorsum
of the tongue. (B) Intraoperative photo of tongue reconstruction by pectoralis major musculocuta-
neous flap. (C) Palatal augmentation prosthesis. (D) Findings of videofluoroscopic examination of
swallowing where the patient was able to swallow jelly with palatal augmentation prosthesis.

2. Oral Health Management in Oral Cancer Patients

Oral health management is defined as interventions for comprehensive oral-related
factors (Figure 2). According to a review by Wong et al., systemic condition (body mass
index, cognitive function, and comorbidities), oral health status (presence of dental caries
and periodontal disease), general oral problems (mucosal, dental, periodontal, and tem-
poromandibular joint problems, denture problems, masticatory function, and functional
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tooth units), oral health-related quality of life (QoL), non-modifiable factors (age, sex,
race, and educational level), and modifiable factors (dental service attendance and service
accessibility, dependent individuals, medications, health insurance, and income) have been
identified as related factors [16,17]. In other words, oral health management is a paradigm
shift for dental practitioners because it requires a shift from a disease-based approach to
a problem-based approach (Figure 3). Therefore, based on human needs, the conceptual
model is used in the dental hygiene process as an indicator of concepts, including oral
hygiene management and oral function management, to identify how patient problems
may guide intervention [18].
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2.1. Oral Function Management in Oral Cancer Patients

In Japan, oral function management in oral cancer patients is referred to as “periopera-
tive oral management.” Since its inclusion in the national health insurance system in 2012,
clinical and research activities have become popular [19]. In recent years, the definition of an
oral function has become easier to understand by referring to the oral hypofunction assess-
ment (poor oral hygiene, oral dryness, reduced occlusal force, decreased tongue–lip motor
function, decreased tongue pressure, decreased masticatory function, and deterioration of
swallowing function) proposed by the Japanese Society of Gerodontology [20].

2.1.1. Poor Oral Hygiene

Poor oral hygiene is defined as a higher than a normal number of microorganisms in
the oral cavity, especially in oral cancer patients, which means a higher risk of surgical site
infection and aspiration pneumonia (Figure 4(A-1,A-2)) [20–22]. Poor oral hygiene is described
in the section Oral Hygiene Management in Oral Cancer Patients and is described below.
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Figure 4. Testing instruments for oral function assessment and their use. (A-1) Bacterial counter.
(A-2) Specimen being collected from the dorsum of the tongue. (B-1) Oral moisture checker. (B-2) Mea-
suring oral moisture on the dorsal surface of the tongue. (C-1) Dental prescale. (C-2) Measurement of
occlusal force using dental prescale. (D-1) JMS tongue pressure measuring instrument. (D-2) Mea-
surement of tongue pressure using a probe. (E-1) Gluco Sensor GS-II. (E-2) After chewing and filtering
gummy jelly.
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2.1.2. Oral Dryness

Oral dryness refers to a condition in which the oral cavity is drier than normal or
in which there are subjective symptoms associated with a feeling of dryness in the oral
cavity. This condition is often reported during follow-up to chemoradiotherapy, especially
in oral cancer treatment (Figure 4(B-1,B-2)) [20,23]. The cause of xerostomia in oral cancer
treatment is mainly due to the effects of salivary gland resection and organic changes in
salivary gland tissue caused by radiation and chemotherapy [24]. A cross-sectional study
investigating quality of life using the EORTC-QLQ H&N35 reported that reconstructive
surgery decreases dry mouth, but in general, resection of the salivary glands causes dry
mouth [25]. For radiation therapy (RT), 89 intensity-modulated radiotherapy (IMRT) is
used more often than RT, and a meta-analysis reported that the IMRT group had a better
QoL for dry mouth (pooled standardized mean difference (SMD) = −0.60, 95% confidence
interval −0.97 to −0.24, p = 0.001) [26]. As Wolff et al. pointed out in their systematic review,
chemotherapy-induced dry mouth is caused by multiple drugs, including cisplatin [27].
Measures to combat dry mouth include the substitution or discontinuation of medications
whenever possible, topical oral or systemic administration of sialogens, administration of
substitute saliva, and the use of electrical stimulators, with substitute saliva being important
in oral health management. However, at present, there are no reports of substitute saliva
with a high level of evidence, even in review articles by the Cochrane Collaboration [28].
Thus, the empirical selection is necessary, relying on the patient’s feelings of use.

2.1.3. Reduced Occlusal Force

Reduced occlusal force is a condition of decreased occlusal force with natural teeth
or dentures, which can be caused by a decrease in the number of teeth or the removal of
masticatory muscles, especially in oral cancer treatment that involves maxilla and mandible
resection (Figure 4(C-1,C-2)) [20,29]. In patients with a resected maxilla and mandible for
oral cancer treatment, reduced occlusal force is affected by Eichner C’s occlusal support
classification, with large individual differences [30]. There was no difference in the occlusal
forces of the incisors and first molars in patients who underwent mandibulectomy com-
pared to those in healthy subjects. Additionally, occlusal forces were restored with the use
of a bone-anchored device for wide edentulous areas [31,32]. By contrast, in maxillectomy
patients, the masticatory function can be restored by prosthesis, but occlusal force exists
as a factor independent of masticatory function and may not be restored [33]. It has also
been reported that occlusal function may not be optimally controlled in maxillofacial re-
construction patients. Zheng et al. reported that maximal muscle strength decreases in
maxillofacial reconstruction patients due to abnormalities of the masticatory muscles, where
the magnitude of muscle strength fluctuates during the rehabilitation period. They also
pointed out that the decrease in masticatory muscle activity on the resected side may cause
non-physiological oral biomechanical responses and alter muscle activity to stabilize the
reconstructed mandible [29]. To the best of our knowledge, there is no intervention method
for strengthening occlusal force in patients with oral cancer, except for prosthetic treatment,
but it is hoped that muscle strengthening methods will be developed in the future.

2.1.4. Tongue–Lip Motor Function

Decreased tongue–lip motor function is defined as a decrease in the speed and dexterity
of tongue and lip motor skills and has been reported as a sequela of tongue resection,
especially in oral cancer treatment [20,34]. A prospective cohort study of 123 patients
with oral cancer, in which tongue strength, mobility, and sensory function were measured
4 weeks before treatment, 4–6 weeks after treatment, and 6 months, 1 year, and 5 years
after treatment reported that tongue function deteriorated significantly after oral tumor
treatment, with poor prosthetics being an aggravating factor [35]. Patients who have
undergone having more than half of their tongue volume resected require reconstructive
surgery with a flap to restore tongue volume and function. However, it has been reported
that there is no difference in speech intelligibility or tongue mobility between types of flaps
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(comparing a free forearm flap with an anterolateral thigh flap) [34,36]. In particular, a
study that evaluated tongue function in 238 oral cancer patients, reconstructed with an
anterolateral thigh flap, reported that individually designed anterolateral thigh flaps were
significantly better than commonly designed anterolateral thigh flaps in maintaining not
only oral volume, but also tongue mobility, speech intelligibility, and swallowing ability at
6 months, suggesting that functional reconstruction may be possible with further surgical
improvements [37]. A study investigating tongue function using functional magnetic
resonance imaging (MRI) of 19 subjects, including healthy subjects and oral cancer patients,
reported that different groups of tongue muscles tend to function during speech, especially
the floor-of-the-mouth muscles, which have a unique pattern of supporting the tongue and
helping it to rotate, suggesting that strength training of the floor-of-the-mouth muscles may
be effective in improving tongue–lip motor function [38]. In contrast, a study investigating
the profile of tongue function in 47 patients with oral cancer who underwent maxillectomy
reported that oral diadochokinesis and tongue pressure improved significantly in patients
who wore prosthetic devices, suggesting the need to consider prosthetic approaches for
patients with decreased tongue–lip motor function [39]. In addition, a prospective cohort
interventional study investigating the effects of an 8-week progressive lingual exercise
program on 10 healthy elderly subjects reported that intraoral MRI increased tongue volume
by an average of 5.1%, which may apply to improving tongue–lip motor function in oral
cancer patients [40].

2.1.5. Tongue Pressure

Decreased tongue pressure in patients with oral cancer is defined as a decrease in
pressure between the tongue and the palate and food due to organic or functional loss of the
muscle groups that move the tongue, which can be caused by multiple factors, including sur-
gical treatment and radiation chemotherapy (Figure 4(D-1,D-2)) [41,42]. Hasegawa et al. re-
ported that tongue pressure in 57 patients who underwent surgery for oral cancers and
head and neck cancers decreased significantly in the first 1–2 weeks after surgery and
recovered over time. In addition, changes in tongue pressure were significantly associated
with cancer stage, radiotherapy, and reconstruction, and receiver operating characteristic
analysis revealed that a tongue pressure of 15 kPa was the cutoff value for detecting postop-
erative dysphagia [43]. As a method of improving tongue pressure, flap and scar revision
as a surgical treatment has been reported to reduce postoperative swallowing dysfunction
in oral cancer patients and is suggested as an intervention method [44]. As a non-invasive
intervention, the patient was instructed to press the tongue as hard as possible against
the palate with the mouth closed for 10 s of exercise, followed by 10 s of rest. One set
consisted of five consecutive exercise and rest periods. As a result of performing two sets
a day for one month in elderly patients, the researchers reported that they could restore
tongue strength (especially the function of the suprahyoid muscle), which may apply to
oral cancer patients [45].

2.1.6. Masticatory Function

A decreased masticatory function is defined as a decrease in the ability to chew
food and mix it with saliva to form a food mass, due to decreased occlusal force and
tongue mobility (Figure 4(E-1,E-2)) [18]. An observational study that measured masticatory
function one year after surgery, in 45 patients with oral cancer, indicated that surgery has a
significant negative impact on masticatory function and that radiotherapy is an aggravating
factor [46]. Several papers have pointed out that factors affecting masticatory function in
oral cancer treatment have a strong influence, in the following order: the extent of hard
palate defect > status of posterior mandibular teeth > maximum occlusal force > mouth-
opening distance [30,47–49]. Oral and head and neck cancers frequently have complications
related to malnutrition. Although it has been reported that impaired masticatory function
is not a causative factor, it is a problem that must be addressed because poor masticatory
function has been reported to have a significant impact on patients’ QoL [50,51]. Prosthetic
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treatment is the first choice to restore masticatory function, especially for the use of bone-
anchored devices for wide edentulous areas, and cooperation between oral surgeons and
prosthodontists is important [52]. Barbu et al. reported that a bone-anchored device
for a wide edentulous area showed a significant improvement in prosthetic and patient
satisfaction compared to non-implant-retained prostheses [53]. In addition, it was reported
that the function of patients with a bone-anchored device for wide edentulous areas was
significantly and substantially improved (maximum occlusal force ranged from 77.5% to
365 N, 371%). The assessment of masticatory function by a color chart of gummy chewing
was also significantly improved by about 208% [54]. In addition, a 5-year prospective study
of a bone-anchored device for a wide edentulous area in 56 oral cancer patients noted a
functional benefit of implant placement during resection surgery. In contrast, a retrospective
study measuring occlusal forces using the T-Scan III in 13 patients with oral cancer, who
underwent microvascular free fibular flap reconstruction and prosthetic treatment with
a bone-anchored device for a wide edentulous area, suggested that the crown-to-implant
ratio did not significantly correlate with maximum occlusal forces or peri-implant fibrous
resorption, and that increasing the length of the fibrous flap of the reconstructed mandibular
implant-supported prosthesis reduced occlusal forces, suggesting further improvement in
the future [55].

2.1.7. Swallowing Function

Decreased swallowing function in patients with oral cancer is defined as the presence
of functional impairment as a precursor to significant disability, either due to cancer itself
or the effects of treatment [20]. For the swallowing function, the details are described in
Section 3.1.

2.2. Oral Hygiene Management in Oral Cancer Patients

Oral hygiene management has been shown to prevent changes in oral cancer treatment
schedules and increase the likelihood of completing the protocol [56,57]. The purpose of
oral hygiene management for patients with oral cancer varies depending on the treatment
modality. In any case, the role of the dental professional continues from before the diagnosis
of cancer through survivorship. It includes oral screening and maintenance, managing
common oral complications such as mucositis, pain, infection, salivary insufficiency, taste
disorders, and tooth decay, and complex issues such as soft tissue fibrosis and osteonecrosis
of the jaw, and dysphagia [58]. However, the Eilers Oral Assessment Guide and other
indices have been adapted to assess the oral cavity of oral cancer patients, and the reliability
and validity of the assessments have been verified in nurses and dental hygienists. Still,
their widespread use has been limited [59]. In addition, several papers have pointed out
that there is a general lack of consistency in how, when, and with whom oral cancer patients
receive oral health education, and this paper systematically reviews the limited evidence,
despite the variation in intervention methods [60,61]. Thus, although there is no uniform
intervention method, a review of oral hygiene management for oral cancer patients by
purpose and effect is presented below.

2.2.1. Dental Caries, Periodontal Disease, and Oral Candidiasis

When the tongue is resected for oral cancer treatment, the bacterial balance and pathogenic-
ity in saliva are significantly altered. Streptococcus salivarius, Prevotella melaninogenica, and
Prevotella histicola are significantly decreased after surgery. In contrast, Lautropia mirabilis,
Neisseria flava, Streptococcus sanguinis, and Fusobacterium nucleatum are increased signif-
icantly after surgery [21]. In particular, the oral environment, altered by surgery and
xerostomia and decreased saliva secretion due to the effects of radiotherapy, makes radi-
ation caries more likely to occur, which are not easy to prevent, even with intensive oral
cleaning [62]. As a countermeasure against radiation caries, it has been confirmed that the
application of fluoride (topical fluoride with 10% CPP–ACP paste) significantly reduces
the incidence of dental caries in patients treated with oral cancer radiotherapy, since the
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amount of endogenous Ca2+ and PO43−, which promotes remineralization, is reduced in
saliva due to decreased saliva volume [63]. Since the caries-preventive effect of fluoride
(1100 ppm formulation) toothpaste was reported in a randomized controlled trial for caries
control in 57 patients treated with head and neck radiotherapy, fluoride application in
patients treated for oral cancer is also recommended [64]. On the other hand, a review
article on the relationship between cancer treatment and periodontal disease indicates that
periodontal disease may worsen during cancer treatment, causing oral pain, infection, and
systemic infections, and may increase morbidity and mortality, especially in febrile neu-
tropenic cancer patients (Figure 5A) [65]. In addition, patients undergoing head and neck
radiotherapy are known to be more susceptible to dental caries and periodontal disease, as
well as opportunistic infections of the oral mucosa, such as Candida albicans [66]. Regarding
periodontal disease, a study in radiotherapy patients with upper respiratory tract cancer
reported that it could be improved by basic periodontal treatment [67]. Therefore, although
there are no studies that provide clear criteria, it is thought that initial treatment for dental
caries, periodontal disease, and oral bacteria should be completed as early as possible
before oral cancer treatment.
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2.2.2. Oral Mucositis

Oral mucositis has been reported to develop rapidly after chemotherapy, radiation
therapy, and combination therapy (Figure 5B) [68]. Bacterial infection is known to be an
aggravating factor of oral mucositis, and it has been reported that completion of an oral
hygiene protocol can mildly reduce the grade of oral mucositis, as defined by the National
Cancer Institute—Common Terminology Criteria for Adverse Events (NCI-CTCAE) [69–71].
In addition, in a systematic review conducted by the mucositis study group of the Multina-
tional Association of Supportive Care in Cancer (MASCC) and the International Society
of Oral Oncology (ISOO), a society promoting supportive care to control side effects and
complications associated with cancer treatment, the implementation of an oral health man-
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agement protocol was proposed as beneficial (evidence level III) [72]. However, there is no
unified view on the content of oral management protocols for oral mucositis, and we still
have to rely on empirical interventions in which the opinions of experts are adopted.

2.2.3. Surgical Site Infection

Tongue resection causes a change in the composition of the salivary microbiota, char-
acterized by an increase in dental plaque-derived bacterial species, including periodontal
bacteria, which increases the risk of developing surgical site infection (SSI), especially
by Gram-negative anaerobic rods (Figure 5C) [21]. In patients with SSI, suture failure
can lead to the formation of a pathway between the oral cavity and neck, and increased
drainage, leading to prolonged hospital stay due to a renewed systemic inflammatory
response [73,74]. Recently, a multicenter randomized controlled trial examining the effi-
cacy of topical tetracycline ointment, in addition to basic oral cleaning, reported that local
administration of tetracycline 48 h after surgery could reduce the incidence of SSI after oral
cancer surgery [75,76]. Therefore, in addition to basic oral cleaning as a measure against
SSI, the application of tetracycline should be considered as an option for patients with a
poor oral environment.

2.2.4. Osteoradionecrosis of Jaw

Osteoradionecrosis of the jaw (ORNJ), caused by the radiation field entering the oral
cavity, tends to develop close to the primary tumor site and is likely triggered by surgical
procedures such as tooth extraction, within 6 months of the irradiation (Figure 5D) [77,78].
Gender, dentition, and chemotherapy do not affect the development of ORNJ; a paper that
analyzed risk factors for the development of ORNJ in 776 head and neck cancer patients that
received intensity-modulated radiation therapy (IMRT), identified the location of the tumor
in the oral cavity, radical radiation therapy or not, and previous surgical treatment of the
maxilla and mandible as risk factors [79,80]. However, in a case-control study of risk factors
for the development of ORNJ in head and neck cancer patients, the use of chlorhexidine
mouthwash (1.28-fold) and scaling within 2 weeks before radiotherapy (2.43-fold) were
reported as risk factors for the development of ORNJ. Therefore, careful prescription of
mouthwash and appropriate timing of scaling should be considered [81].

2.3. Oral Care (Oral Health Care Provided by Non-Dental Professionals)

Oral care (cleaning and exercising the mouth by a non-dental professional) requires a
different approach than direct intervention by a medical professional.

2.3.1. Self-Care by the Patient

Self-care by the patient and the dental care provider is important for oral-related care
after oral cancer treatment. Although the method of self-care after oral cancer treatment can
be complex and difficult, empowering patients to develop effective self-care skills (hygiene
behavior, functional training, and self-examination) is believed to result in a favorable
outcome [82]. It is also important to provide information to improve oral-related literacy
when providing self-care skills and to observe patients’ attitudes and, if necessary, approach
oral health-related self-efficacy to encourage behavior change [83–85].

2.3.2. Oral Care by the Patient’s Family

Educating family members also plays an important role in providing patients with
continuous oral care [86]. In other words, oral care requires educating all stakeholders,
including healthcare providers [87]. Delays in seeking care for patients are associated
with social and familial interactions with cancer [88]. A report examining 125 couples
with head and neck cancers, including oral cancer, reported that spouses focus primarily
on maintaining the patient’s weight and encouraging hydration. Oral care may be an
afterthought [89]. In fact, an intervention study that trained 30 family caregivers of cancer
patients in basic skills, including oral care, reported that patients’ QoL (physical, emotional,
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and social functioning) and pain improved [90]. However, patients with terminal-stage
oral cancer often experience changes in their oral status, which may require more frequent
changes in intervention methods [91]. Therefore, oral care programs that encourage spouses
in maximizing positive social control may enhance patients’ mood during treatment and
improve QoL [89].

2.3.3. Oral Care by Medical Staff

Although multidisciplinary cooperation is important in oral cancer treatment, it goes
without saying that dental care providers are a part of this. A different professional
approach is needed when patients are discharged from the acute phase of treatment and
return to the local community [14]. In particular, interventions by primary care physicians,
visiting nurses, caregivers, and, if necessary, family dentists and dental hygienists are
important, and measures must be taken to deal with late side effects that persist months
to a year or more after the end of treatment, which are often forgotten [92,93]. Therefore,
dentists and dental hygienists in acute care hospitals need to pay attention to teaching
non-dental healthcare providers.

3. Oral Rehabilitation

The effects of oral cancer treatment may include changes in oral anatomy, loss of
teeth, loss of anatomical structures such as the tongue and soft palate, changes in muscle
attachment and muscle balance, loss of lip function, presence of bulging flaps, loss or
changes in sensation, development of the semicircular canal, and changes in the appearance
of the oral face [94]. This section reviews oral disorders that were not mentioned in the oral
health care section above (Sections 2.1–2.3), placing them in the context of oral rehabilitation.

3.1. Oropharyngeal Dysphagia (Difficulty Swallowing)

This review focuses on dysphagia in the pharyngeal and esophageal phases of the
five-phase model of swallowing, or in the stage 2 transport, pharyngeal bolus aggregation,
and swallowing phases of the process model [95,96]. In surgery, it has been reported that
high tumor stage, highly invasive surgery, and reconstructive surgery with a free flap are
independently associated with poor postoperative oral intake [97,98]. In addition, postop-
erative chemoradiation is a risk factor for weight loss, muscle mass loss, and dysphagia,
and chemoradiation may be an independent factor [99]. The gold standard for assessing
swallowing function is videoendoscopic evaluation of swallowing or swallowing videoflu-
orography [100]. Recently, however, a simple screening method using questionnaires has
been developed, and the Eating Assessment Tool-10 (EAT-10) has a cutoff value (19 points)
for discriminating dysphagia in patients with head and neck cancer, making it highly
useful [100]. Immediately after surgery, oral cancer patients are mainly nourished by tube
feeding through nasal catheters. Still, it has been found that patients gradually recover
from surgery-induced dysphagia in about 3 months [101]. Although there is concern that
parenteral intake during this time may increase a patient’s dependence on tube feeding, a
randomized controlled trial concluded that it does not increase the rate of long-term tube
dependence after 4 months of treatment, so that it can be used as needed [102]. Almost all
patients after oral cancer surgery experience some degree of dysphagia [103]. Unlike dys-
phagia due to progressive psychiatric illness or cerebrovascular disease without anatomical
changes, dysphagia in patients with oral cancer is associated with compensatory behavior.
Patients attempt to use their altered mouths in creative ways [103]. Understanding this
compensatory behavior and seeking a new swallowing pattern for patients is generally the
treatment strategy for dysphagia. The role of rehabilitation and swallowing therapy for
patients after oral cancer treatment is to (1) search for safe swallowing strategies with an
emphasis on avoiding aspiration, (2) search for therapeutic postures and exercises that may
improve swallowing function over time, and (3) modify the diet to ensure safe and ade-
quate oral intake [104]. In recent years, the earlier the timing of rehabilitation intervention,
the better, because the usefulness of early rehabilitation from preoperative to immediately



Healthcare 2022, 10, 960 11 of 19

after surgery has been reported [105–107]. The primary techniques used in rehabilitation
are (1) postural techniques, (2) sensory techniques, (3) motor exercises, (4) swallowing
maneuvers, and (5) dietary modifications [108]. Specifically, these include changing body
position to maximize swallowing function and minimize aspiration, techniques to alter the
pressure, taste, and temperature, changing the firmness, placement, and size of the bolus,
and increasing the strength, mobility, and durability of the swallowing structures [108,109].
Swallowing maneuvers include supraglottic swallowing, effortful swallowing, and the
Mendelssohn maneuver (Figure 6A) [110]. Some results have been obtained in the range of
motion training of the tongue and resistance exercises [111,112]. In addition, neuromus-
cular electrical stimulation has recently been used as an adjunct to swallowing therapy
and has proven useful in meta-analyses [108,113,114]. However, a palatal augmentation
prosthesis (PAP) can be useful for patients with significant loss of tongue function and
articulation after glossectomy [115]. The aim is to reduce the free space between the roof
and floor of the oral cavity, to permit stronger lingual propulsion during oral deglutition
and better linguopalatal contact during articulation [115]. An observational study using
the PAP in 20 post-treatment head and neck cancer patients reported improved oral food
transport [116]. In addition, a meta-analysis examining the efficacy of the PAP in patients
who have undergone palate surgery demonstrated its effectiveness; therefore, the active
use of the PAP is recommended [117]. However, despite the proven efficacy of each of
the above intervention methods, there is no standard dysphagia treatment for oral cancer
patients, and there is a lack of evidence to support specific protocols; therefore, we are
forced to intervene based on “typical” practices and empirical evidence [118]. There is
also a lack of evidence on exercise load in rehabilitation, and adherence and compliance to
exercise is a major issue, as it has been reported that exercise adherence is low and dropout
due to fatigue is particularly high when intense exercise load is used [119,120]. Therefore,
consideration should be given to the exercise load, such as setting the goal at approximately
60% of the maximum load [121].
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3.2. Trismus

Trismus, a narrowing of the distance between the upper and lower incisors, occurs as
a complication of surgical and radiation therapy for oral cancer [122,123]. Early manual
and mechanical opening training are important for trismus and have been shown to be
successful in preventive interventions (Figure 6B) [107,124]. A randomized controlled trial
of prophylactic swallowing exercises, including mouth opening training, for patients with
head and neck cancer, reported significant differences in the amount of mouth opening
at 3 to 6 months [125]. However, due to the long course of trismus, the importance of
post-discharge exercises, and the proven effectiveness of follow-up in intervention studies
with ongoing follow-up of trismus training, it is advisable to guide all stakeholders related
to the patient’s symptoms [126].
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3.3. Speech Problem

Speech problems occur in patients whose oral anatomy has been altered by surgical
treatment, but recent advances in reconstructive surgery have alleviated the symptoms [25].
However, in cases where reconstructive surgery alone does not improve disability, the PAP
has effectively treated speech problems [115]. A meta-analysis that examined the effec-
tiveness of the PAP on speech problems reported that the PAP was effective in improving
pronunciation [117]. In particular, according to a study that examined the detailed effects of
the PAP, the PAP makes a significant contribution to the improvement of consonants [116].
However, there are few reports on PAP morphology, and prosthodontists and speech
pathologists need to utilize palatograms to determine PAP morphology, based on resected
tongue morphology and reconstructed flap morphology [127].

3.4. Taste Loss

It has been reported that damage to the surrounding tissues during radiation therapy
for oral cancer can cause taste loss [128]. This is thought to be due to the continued natural
death of taste cells and temporary interruption of cell replacement, which is the cause of
post-irradiation taste disorder [129]. In addition, xerostomia is known to develop at a high
rate after radiotherapy for oral cancer and serves as an accelerator for taste disorders [130].
Taste loss is a sensory disorder that is easily overlooked and neglected by health care
providers because the patient’s complaint is often noted but should always be attended
to because it can lead to weight loss in patients [131]. It has been reported that four
basic tastes change during radiotherapy in patients with head and neck cancer. A recent
study confirmed that umami decreased during the third week after radiotherapy and then
recovered as early as the eighth week. Therefore, an intervention method that effectively
utilizes umami is expected to be developed [132]. Although no other intervention studies
have proven effective means of improving taste loss, it is preferable to adopt compensatory
methods that are in line with the country’s culture, since food culture has a significant
impact on taste loss.

3.5. Peripheral Neuropathy of the Oral Cavity

Chemotherapy-induced peripheral neuropathy (CIPN) associated with chemother-
apy has been widely reported in patients with head and neck cancer. Still, it has also
been reported that patients with head and neck cancer have sensory dysfunction from
chemotherapy before receiving treatment [133]. It has been suggested that cancer itself may
alter peripheral nerve function and contribute to the development of CIPN [133]. Many
studies have reported that peripheral neuropathy occurs with taxane anticancer drugs, but
there have been few studies on peripheral neuropathy in the oral cavity [134]. One of the
few studies that evaluated oral CIPN in patients with head and neck cancer reported that
chemoradiotherapy, including surgery, can cause oral CIPN. Still, the details are not clear,
and the treatment of oral CIPN is unknown.

3.6. Esthetic Disorder

Esthetic disorder refers to the morphological changes in the oral cavity or perioral
region caused by surgical treatment and is regarded as an unmet clinical need for oral cancer
treatment [135]. However, patients who have lost both oral and maxillofacial tissues need
rehabilitation management to improve esthetics and restore oral function [136]. The limited
evidence suggests that it is important to provide prosthetic treatment and reconstructive
surgery with flaps for patients who have undergone maxillary and mandibular surgery,
through the collaboration of prosthodontists, plastic surgeons, and oral surgeons [137,138].

4. Psychosocial Issues and Quality of Life

The assessment of QoL for patients with oral cancer is important, and many question-
naires (UW-QOL, MDADI, and EORTC QLQ-H&N35) have been developed and used in
clinical and research settings [139–141]. Oral cancer treatment is known to be one of the



Healthcare 2022, 10, 960 13 of 19

cancer treatments with the poorest prognosis and most degraded quality of life, especially
because it impairs patients’ social and physical functions [142]. The high rate of suicide
among oral cancer patients is particularly striking due to their reduced QoL, and it has
been reported that they are 12 times more likely to commit suicide than the general Amer-
ican population [142]. Therefore, a multidisciplinary team of experts is needed, and it is
important to measure QoL continuously. It should always be noted that many problems
can be attributed to oral rehabilitation [143,144].

5. Limitation

Since this paper was written using the narrative review method, a bias may exist in the
article selection. The narrative review methodology was adopted due to large uncertainty
about oral function after oral cancer treatment, and the current scattered literature. Once
additional literature on oral function after oral cancer treatment is generated, systematic
reviews will be warranted.

6. Conclusions and Perspective

Although the future development of new oral cancer treatments (the development
of surgical methods, new anticancer drugs, and improved accuracy of radiotherapy) is
expected, surgery is often the first priority when considering survival rates and will
continue to be for some time to come. Therefore, there are high hopes for developing and
advancing supportive care and rehabilitation methods to improve the quality of oral cancer
treatment (Table 1). As shown in Table 1, all stakeholders must be involved with the patient,
in addition to the oral and maxillofacial surgeons, and the head and neck surgeons from the
clinical practice. At the same time, this means that an advanced team approach involving
multiple professionals, such as oral and maxillofacial surgeons, dentists, dental hygienists,
physiatrists, speech pathologists, and nurses is necessary. As for oral health care for oral
cancer patients, systems have been rapidly established in Japan over the past few years,
and the importance of oral health care is being recognized. With regard to rehabilitation of
oral cancer, although there is little evidence, a certain amount of progress has been made in
the development of treatment methods tailored to individual symptoms. However, because
oral cancer is rare, there is little evidence, and it is not systematized, and we must rely
on empiric therapies. The first challenge is to change the current situation and create a
consensus-based flow of supportive care and rehabilitation in oral cancer treatment.

Table 1. Specific interventions for oral health management in oral cancer treatment.

Oral Health Management

Oral Function Management Oral Hygiene Management
Oral Care

Oral Cleaning Meal Preparation

Dental caries treatment (D)
Root canal treatment (D)
Periodontal treatment (D/DH)
Tooth extraction (D)
Prosthodontic treatment (D)
Swallowing rehabilitation (D/DH)

Biofilm removal (DH)
Cleaning of the oral mucosa (DH)
Dental scaling (DH)

Oral cleaning (N/T/F)
Toothbrush storage (N/T/F)
Denture storage (N/T/F)

Swallowing exercise (N/T/F)
Salivary gland massage (N/T/F)
Posture adjustment (N/T/F)
Assistance with eating (N/F)

Environmental settings for oral health management (All)
Providing knowledge (D/DH/N)

Behavior modification (D/DH)
Instruction in self-care for patients and families (D/DH)

Approaches to oral health related-self-efficacy and literacy (D/DH)

(D): dentist, (DH): dental hygienist, (N): nurse, (T): themselves, (F): their family, (All): All stakeholders related to
the patient.
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