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Abstract

Failure of traditional conservative pharmacological agents in the treatment of chronic oral and gastrointestinal
tract disorders (GITD) increased the use of complementary and alternative therapies (CAT) to make use of the
strong anti-fibrotic and anti-inflammatory effects of CAT. The purpose of this review is to focus on the role of
hyperbaric oxygen therapy (HBOT) in the treatment of chronic oral and GIITD. Being one of CAT, HBOT can be
utilized as a main and/or an adjunctive therapeutic modality in the treatment of GITD. In addition to anti-fibrotic
and anti-inflammatory effects induced by CAT, HBOT adds more great benefits as neovascularization increase,
bacterial growth inhibition, promotion of intestinal mucosal healing, enhancement of delayed gastric emptying in
dyspeptic patients, increase of the intestinal motility, and hypoxia improvement by supplying more oxygen
especially for fibrosed and/or radiation-induced tissue injuries. Awareness of HBOT - as a complementary
treatment for chronic oral and GITDS - is highly needed to develop more future research in this field.
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INTRODUCTION

The utilization of complementary and alternative
therapies (CAT) as a form of health care is increased
with a high continuous form. Frequently, traditional
physicians are not aware of CAT especially with
increased rated potential interactions between the
CAT and the traditional medical therapy forms [1].
Hyperbaric oxygen therapy (HBOT) as one of CAT
[2] can be utilized in the treatment of chronic
gastrointestinal tract diseases (GITD) [3] especially
with the evidence-based strong antifibrotic and/or
anti-inflammatory effects of CAT in chronic GITD
treatment [1].

HBOT is the administration of intermittent or
oxygen (0;) at supra-atmospheric
pressures usually > 1.4 atmospheric pressure [4].
With the concurrent consideration of large HBOT
indications that concern different specialties [5],
enhancing the basic HBOT knowledge has a great
impact on the individual interests, clinical
experience, future work, scientific researches,
clinical practice [6], and better inter-professional
cooperation between health care professions and
medicine. All of these benefits lead to better patient

continuous

care [7].

This narrative review aims to enhance the basic
knowledge of hyperbaric oxygen and its role - as a
complementary or an alternative therapy - in
chronic disorders of the oral and gastrointestinal
tract (GIT).

HBOT Overview

HBOT includes short-term, near 100 % inhaled and
diffused oxygen (0;) reached systemically via
airways and blood, achieved by allowing the patient
to breathe high concentrated O, with pressure more
than one absolute atmosphere (ATA) [8].

According to the patient's status, HBOT introduced
to the patients through hoods, masks, and chambers.
In chambers, patients are allowed to sit or lie in
mono-placed (takes one patient only) or multi-
placed (take 5-25 patients) controlled O, leveled
chambers. HBOT chambers are well equipped to
accommodate hospital beds and medical assistants9,
allow ongoing therapies, involving intravenous (IV)
fluids and/or IV medications, and the physiologic
monitoring through specifically engineered port
pathways for wires and tubing [10].

One or two HBOT sessions are needed in the acute
conditions and may extend to over 30 sessions in
chronic ones with individualized session time varied
from 45 minutes to five hours but the maximal safe
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duration for a session is 120 minutes. To avoid a
boringly long time during the sessions, a television is
provided to the patients inside the HBOT chambers
[9].

Because many acute or chronic severe medical
conditions respond to traditional
conventional therapies, HBOT is indicated as an
adjunctive or in sometimes the main therapy in
traumatic, inflammatory, infectious, ischemic
natured conditions [11] with increased evidence of
HBOT-associated clinical and cost-effective utility
[12]. HBOT mechanism of action is based on
increasing the O supply to the destructed tissues -
especially ones induced by radiotherapy - to
enhance the blood supply, wound healing, fibrosis,
inflammation, generation of new vascular beds
(angiogenesis) [13].

Approved HBOT indications are air or gas embolism,
gas gangrene, poisoning of carbon monoxide (CO),
acute traumatic ischemia, compartment syndrome,
severe anemia, arterial occlusion or insufficiency,
wound healing and compromised flaps and grafts,
refractory osteomyelitis, necrotizing
infections, acute thermal burn injury, intracranial
abscess, bony and soft tissue-induced radiation
injury, idiopathic sudden sensorineural hearing loss,

do not or

soft-tissue

and diving decompression sickness [14].

HBOT 1is contraindicated in pneumothorax and
pulmonary bullae as in
pulmonary disease (COPD) [10] and may relatively
be contraindicated in pregnancy, previous ear and

chronic obstructive

thoracic surgeries, and claustrophobia (phobia of
tightly closed space) [15]. Common side effects are
reported during the use of HBOT as potential O;
toxicity and middle-ear barotrauma. Reported less
common side effects tend to cease after the end of
the session as convulsions, seizures, hypoglycemia
[10], progressive myopia (pupil nearsightedness
which is a very rare side effect), and pulmonary
dyspnea [16].

1- HBOT FOR DISORDERS OF THE ORAL CAVITY
Oral submucous fibrosis

Oral submucous fibrosis (OSMF)
progressive disease characterized by local scarring,
fibrosis, and precancerous lesions of any part of the
oral cavity [17] starting with stomatitis with vesicle
formation [15] then progress to the inflammation of
the lamina propria and degeneration of the
underlying muscles [17]. The associated fibrosis,
ischemia, hypoxia, ulceration, and thereby increased
expression of hypoxia-induced factor-one-alpha

is a chronic
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(HIF-1«) increase the transformation chance to
malignancy [18]. Patients complain from taste
disorders, limited mobility of the tongue, dry and
burning mouth sensation, pain, altered tone,
dysphagia, inability to eat [17], and restricted mouth
opening [19].

There is no specific or single treatment for relieving
signs and symptoms of OSMF [20] but the
interaction is needed between the drugs, intraoral
appliances, pre and post-operative physical therapy,
and osteopathy [21]. Physical therapy for OSMF
attempts to affect tissue remodeling through
movement, routine exercises, various splints or
other tools to enhance the opening of the mouth,
focused heat like microwave diathermy [19] and
ultrasound, and soft tissue mobilization [20].
Recently, the Novel treatment of HBOT for OSMF
improves cellular regulatory effect, induces
lymphocyte apoptosis or/and diminishes
lymphocytic proliferation [15], limits the fibroblastic
activity and increases its apoptosis, declines the
production of inflammatory cytokines and reactive
oxygen species, the tissue with Oy,
enhances the angiogenesis and antioxidant capacity
[17], re-oxygenates the hypoxic OSMF
microenvironment, prevent the OSF malignant

enriches

transformation, and increases mouth opening by
preventing the progressive fibrosis [22].

Salivary gland dysfunction
The patients who undergo regular head and neck
radiation therapy may experience serious damage to
salivary glands [23]. Salivary gland dysfunction
results in xerostomia (dry mouth sensation) and/or
hyposalivation (objective low saliva flow) [24]. Such
speech, taste,
swallowing, oral
and burning, dental
may progress to
osteoradionecrosis, and increased probability of oral
cavity infection and bad breath (halitosis) [25] due
to disruption to the normal species of the oral flora
[26].
The HBOT can be an effective alternative treatment
modality for late-term complications (including
hyposalivation) acquired after the application of
radiotherapy following cancer resection [27].
Approximately 97 % of O is normally transported
bound to hemoglobin (Hb), and only a small portion
of it is transported in solute. The idea of using HBOT
is its ability to increase the O3 from 3 ml/L at normal
ATA up to 60 ml/L at 3 ATA of pure oxygen carried

changes lead to difficulties in
deglutination, mastication,
discomfort with soreness
caries

discomfort and
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in solute. Since O3 is in solution, it enters obstructed
areas that not reached by red blood cells (RBCs) and
can even facilitate oxygenation of tissues with
impaired Hb oxygen carriage. HBOT can thus be
useful in restoring natural homeostasis in hypoxic
tissues by inducing angiogenesis, increasing O
tension [28], collagen synthesis, and stem cell
recruitment [23].

Restoration of vascular supply to salivary gland
dysfunction induced by radiotherapy enables tissue
regeneration, restoration of normal saliva flow [23],
and thereby improves the quality of life of patients
by controlling the complications induced by
hyposalivation that mentioned above [29].

Periodontal disease

Many risk factors - including, for example, diabetes
mellitus (DM), smoking, and low salivary flow - lead
to inflammation of gingival and periodontal tissue.
This inflammation is induced by the bacteria within
dental plaque with further progression to a gradual
missing of attachment apparatus fixing the teeth
with a negative impact on the oral functions [30].
The treatment includes antibiotics, antiseptics, and
other various approaches which are allowed for a
short period [31] especially if there is a recurrence
in many patients as in diabetics with low associated-
immunity, impaired tissue healing and continuous
bleeding [32].

HBOT has a hopeful effect on chronic periodontal
and gingival inflammation due to HBOT decreases
99% of the gram-negative anaerobic bacteria,
periodontal and gingival
hemorrhage. Also, it increases the healing of

microorganisms,

periodontal tissue and O; pressure in gingival
pockets [31].

In recent experimental research on diabetic rats
with periodontitis showed that the combined
consumption of sea cucumber gel (3%
concentration) and HBOT (at 2.4 ATA for 3x30
minutes with five-minute rest intervals for seven
days) decreased the expression of inflammatory
cytokines as interleukin-1f (IL-1f), interleukin-10
(IL-10), and reactive oxygen expression. HBOT not
only increased the secretions of anti-inflammatory,
anti-tumor immunity, and antioxidant factors but
also improved secretion of ligands as the 70
kilodalton heat shock proteins (Hsp70s) that fix or
repair the insulin receptors that experience high free
radical oxidative damage [33].

In smokers or diabetics with delayed wound healing
around surgically fixed dental implants, HBOT
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relieved the associated pain, swelling, and
inflammation. Also, HBOT enhanced wound healing
by the increased formation of new collagen fibers,

capillaries, and epithelial tissue [34].

2- HBOT FOR GIT DISORDERS

Functional dyspepsia

Functional dyspepsia (FD) is a chronic and recurrent
symptomatic gastrointestinal manifestations
without underlying organic disease. The symptoms
of FD include early satiation, epigastric pain and
burning, and bothersome postprandial fullness. The
pathophysiology of FD may be explained as impaired
gastric accommodation to a meal, delay of gastric
emptying, and visceral hypersensitivity [35].

The combined course of Gengjian decoction with an
HBOT course for 28 days can increase gastric
motility, enhance the clinical symptoms of FD, and
has a definite hopeful effect on female
perimenopausal FD [36].

HBOT may increase the compression of intestinal
gas, declines the colonic dilatation, improves the
mucosal circulation, and thereby improves the
intestinal movement due to the increased absorption
of the intestinal gas. The improved gut motility may
be enhanced because HBOT improves both the
peristaltic movement and severe constipation,
resulting in the absence of bloating and appetite
recovery. Improved intestinal movement by HBOT
may remove the delayed whole-gut transit and bloat,
promote gastric emptying, and induce the hunger
feeling [37].

Inflammatory bowel disease

Inflammatory bowel disease (IBD) is two primary
forms: Crohn’s disease (CD) and ulcerative colitis
(UC). While CD affects the mucosal and superficial
submucosal layers of the rectum and the large
intestine, UC affects any part of the GIT [38]. IBD is a
chronic inflammation of GIT with relapses and
remissions of symptomatic abdominal painful
cramps, rectal bleeding, diarrhea, malnutrition, and
weight loss [39]. Recent literature indicates that
IBD's pathophysiology
dysregulation, genetic vulnerability, dysfunction of

includes immune
the intestinal barrier, and microbial flora alterations
[40]. Although pharmacological
treatment for IBD, the used drugs are efficient to
relieve the symptoms and delay relapses but with
many undesired side effects forcing many patients to
seek to adjunctive therapies [38].

there is no

[36]
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HBOT is a treatment choice for IBD patients which is
fairly safe and potentially successful. Breathing
under pressure 100 % O raises plasma and tissue
oxygen levels, thereby improve hypoxia, and
improves blood O, content to enter the inflamed
intestines or chronic nonhealing fistulas. HBOT
modifies the signaling pathways involved in tissue
response to hypoxia and wound repair, especially
the pathways of hypoxia-inducible factor (HIF) and
heme oxygenase (HO). More specifically, HBOT
inhibits the development of pro-inflammatory
cytokines and chemokines IL-1, IL-6, and tumor
necrosis factor-o« (TNF-x) which are responsible for
the metabolic stress induced by active inflammation.
These pathways and inflammatory cytokines
contribute significantly to the local
microenvironmental markers responsible for IBD
development, and there is considerable interest in
targeting these pathways for IBD therapy [41].

One of HBOT's suggested mechanisms of action is to
facilitate intestinal mucosal healing in cases of UC by
increasing the numbers of stem cells in the colonic
mucosa. To help in the repair process, HOBT
enhances the differentiation of colonic stem cells,
crypts, and the
movement of bone marrow stem cells to the colonic

resident in colonic mucosal
mucosa. Also, HBOT is reported to stimulate UC
healing by increased fibroblast proliferation [42].

Chronic idiopathic intestinal pseudo-

obstruction
Chronic idiopathic intestinal pseudo-obstruction
(CIIPO) is defined as a severe failure of the intestinal
tract to propel its contents. Despite a clinical picture
mimics the mechanical obstruction affecting
pediatrics (15%) and adults (20%), there is no
organic occluding lesion to the gut. Intestinal failure
increases the disability of individuals to control their
normal oral nutrition and body weight [43] with
recurrent exacerbations of abdominal distension
and/or bloating, nausea and/or vomiting, and
abdominal pain [44]. Pathophysiology is unknown
but the defective propulsion as a result of GIT
innervation and/or smooth muscle atrophy evokes
the symptoms [45]. Bacterial overgrowth of the
small intestine may lead to diarrhea and steatorrhea
[44]. CIIP nutritional,
pharmacological, surgical  unsatisfactory
approaches and the long-term result is generally
poor [43].

By inhibiting the bacterial overgrowth, HBOT can
treat the symptoms and the complications of CIIP.

treatment  involves

and
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Bacterial overgrowth has been suggested to
exacerbate episodes of CIIP by a vicious circle
starting with intestinal stasis, overgrowth of
Gramnegative aerobic and anaerobic bacteria,
increased intestinal secretion and dilated intestine
stimulates local hypoxia which ends again with
bacterial overgrowth. The strong inhibitory effect of
HBO on bacterial overgrowth may be explained by
increased phagocytosis through restored free
radicals of neutrophils to kill the common bacteria,
positive direct effect on several bacterial strains and
bacterial flora, accelerated dissolution of the
abnormally accumulated gas by replacing it with O;
that enhanced the alleviation of obstructive
symptoms. Also, HBO has a possible positive effect
on edema and necrosis removal from the intestinal

tissue by improving the local hypoxia [45].

Pneumatosis intestinalis

Pneumatosis intestinalis (PI) is the radiological
presence of gas in the bowel wall. PI may be
asymptomatic or a life-threatening condition. Severe
PI may show loss of appetite, diarrhea, obstruction,
flatulence, and abdominal pain [46]. It can be related
to iatrogenic causes or a wide range of diseases
ranging from
findings in an otherwise healthy patient [47].
Antibiotics, bowel rest, surgery, and HBOT are
treatment options. HBOT can be highly effective and

intestinal ischemia to accidental

safe in symptomatic PI if there is no need for urgent
surgery. HBOT raises the arterial O; tension, which
pushes O: into the hydrogen-containing cysts by
spreading O; from areas of high tension in the artery
to low tension in the hydrogen-containing cyst. In
turn, accumulated O; in the cysts raises the partial
pressure of hydrogen in the cysts, which enforces
hydrogen to diffuse from the high-pressure cyst to
the low-hydrogen bloodstream. Cyst resolution
follows as O leaves the cyst through reabsorption to
be utilized in cellular metabolism. Consequently,
increased HBOT-induced tissue oxygenation may
encourage phagocytic activity and directly target the

gas-producing  organisms through anaerobic
impairment [48].
Radiation-induced chronic GIT

inflammation

Radiation therapy is a vital treatment modality in
various abdominal and pelvic malignancies. Chronic
side effects are reported due to radiation induced-
injury of the mucosal lining of the large and small

[37]
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bowel with sophisticated pathophysiological
processes range from inflammation to oxidative
damage. According to the lesion site, patients may
suffer from nausea, vomiting, abdominal cramping
pain, rectal bleeding, and watery diarrhea [49].
HBOT counteracts this otherwise hard-to-treat
complication of radiation therapy.
HBOT is a useful alternative treatment modality for a
delayed wound healing induced by the completion of
serial surgical dilations to the esophageal lumen to
treat a esophagitis
complicated as fibrosed stricture after palliative
thoracic radiation. Fifty HBO treatments increased
the tolerance to the regular diet without any
swallowing difficulties or odynophagia. Enhanced
tissue healing under HBOT conditions may be due to
the raised tissue perfusion with Oq
inflammatory pathways via inhibition of cytokines,
the promotional release of growth factor, and
angiogenesis. In addition to the previous
mechanism, HBOT stimulates re-epithelialization
and collagen formation, preserves the marginal
perfused tissue, and inhibits toxin production and
bacterial growth in chronic induced-radiation
proctitis (rectal mucositis) and enteritis [50].

chronic radiation-induced

altered

CONCLUSION

Hyperbaric oxygen - as a strong complementary
therapy - can treat disorders of the oral cavity and
GIT which not respond to pharmaceutical drugs via
many physiological responses. It can improve oral
function and stop the malignant transformation of
OSMF by HBOT-induced anti-hypoxic effects. In
radiotherapy-induced dysfunction of salivary glands,
HBOT can inhibit mouth dryness and restore the
normal salivation due to restoration of the vascular
supply. With its strong anti-inflammatory and
healing properties, HBOT can treat chronic
periodontitis, IBD, and
inflammations. In FD, HBOT can improve the delayed

radiation-induced GIT

gastric emptying and gastric pain. Due to the
suggested bactericidal effect, HBOT can improve the
intestinal gases, gastric motility, appetite in CIIP.
More future researches are needed on the role of
HBOT - as one of the complementary therapies - in
the treatment of chronic disorders of the oral cavity
and GITD.
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