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ABSTRACT

Background: Radiotherapy is considered an essential treatment modality in cancers, especially head and neck cancers. Radiotherapy can
be given as a definitive, supportive, or adjuvant therapy for various cancers. Radiation damage is an avoidable complication in many patients,
after or during radiotherapy. It may be either dose-related, duration-related, or frequency-related. The effects of radiation damage are mainly
caused by ischemic necrosis, and once settled it is difficult to manage due to the low vascularity of the affected area.

Aim: To find out the effectiveness of hyperbaric oxygen therapy (HBOT) in the management of radiation damage in the head and neck region.

Materials and Methods: Retrospective data of patients attending the HBOT clinic for postradiotherapy changes were recorded in an
Excel sheet and analyzed in this study. Statistical analysis was done.

Result: Our study showed that HBOT is effective in postradiation trismus, xerostomia, discharge, foul smell, discharging sinus, etc., However,
it was not found to be significant in the closure of fistula with exposed bone.

Conclusion: HBOT is an effective adjunct modality for the management of postradiation changes in the head and neck region.

Keywords: Hyperbaric oxygen therapy, oro-cutaneous fistula, osteoradionecrosis, radiation damage, sub-mucous

fibrosis

Radiation therapy is an essential part of the management of
many cancers. It may be introduced in various forms, like as
an adjuvant, definitive of palliative forms. Effects of radiation
therapy develop in reversible or irreversible ischemia and
present as unstable scars, discharging sinus, fistula, necrosis,
bony infection, osteomyelitis, etc., The occurrence of
osteoradionecrosis (ORN) as a sequelae of radiation therapy
in head and neck cancer is not very uncommon. ORN may
develop during or after the completion of radiotherapy. ORN is
associated with devastating complaints like pain, inflammation,
inability to feed, malnutrition, dribbling of saliva, reduced
mouth opening, poor hygiene, and poor quality of life.I'?

Clinical features of ORN include necrosis, ulceration,
discharge, sinus, fistula, exposed bone, bone necrosis,
trismus, xerostomia, etc., Neurological symptoms include
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pain, para-aesthesis, dysgeusia, etc., Radiological features
include osteolytic areas, sequestrum, pathological fracture,
mixed radio-opaque and radiolucent lesions, cortical
interruptions, etc., in orthopantomogram. Magnetic
resonance imaging shows abnormal marrow signal with
cortical destruction and irregular enhancement.P#
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Dental causes of ORN include periodontal disease, repeated
trauma induced by ill-fitting dentures, infection following
tooth extraction, etc., Hence dental evaluation is a must
before starting radiotherapy regimen.?

ORN following head and neck cancer: Head and neck cancer
is the seventh most common cancer worldwide, with a
trend of fifth most common cancer in the male population
and twelfth most common cancer in the female population.
Incidence is higher in Asia as Asia contributes 57.5% to global
head and neck cancer. Among all Asian countries, India has
30% of all head and neck cancers. In India, oral cancer poses
a significant burden and it is increasing trends because of
various factors like tobacco chewing, consumption of pan
masala, smoking, poor awareness, etc., A study by Decker
et al. documented tobacco as a risk factor in 80-90% of oral
cancers.[®7!

Head and neck cancer can be treated by various modalities,
which include surgery, radiotherapy, chemotherapy,
immunotherapy, gene therapy, etc., They can be used either
individually or in combination. The choice of techniques
depends on various factors like tumor factors, patient
factors, availability of facilities, financial status, etc., However,
definitive margin-free surgery is a widely accepted and
well-established treatment modality in suitable cancers.
The introduction of radiotherapy and chemotherapy has
revolutionized the treatment of oral cancers. It can be used
as a primary modality or as an adjuvant modality of treatment.
Radiotherapy is considered a major role in the management
of head and neck cancer, mostly in the postoperative period.
The aim is to prevent recurrence and micrometastasis.
Complications following radiotherapy include wound
dehiscence, dermatitis, fibrosis, xerostomia, dysphagia, poor
oral hygiene, discharging sinus, fistula, exposure of bone,
osteomyelitis, ORN, etc.!

Owing to the increased availability and use of radiotherapy,
the incidence of radiation damage to the tissues has also
increased. Mandible is commonly affected bone to undergo
radiation necrosis following radiotherapy of head and neck
cancers. ORN is a devastating complication of radiotherapy,
which often needs a second surgical procedure. However, the
severity of the problem depends on the dose, duration, and
frequency of radiotherapy. If a patient has received high-dose
radiation, the risk of developing ORN persists lifelong.”!

As the name suggests, hyperbaric oxygen contains oxygen
at higher pressure, and hyperbaric oxygen therapy (HBOT)
provides 100% oxygen at more than atmospheric pressure,
i.e., 1 ATA. Although HBOT was discovered and used

very early, in 1620, Drebbel designed a diving bell for
HBOT. Later Henshaw designed another chamber called
domicilium. In 1928, Orville Cunningham designed another
multi-chambered, multi-storied delivery system, which could
deliver oxygen at 3 ATA.I"I

A rapid rise in the use of hyperbaric oxygen began in 1937,
and it was invented as an effective treatment modality
for decompression sickness by Behnke and Shaw. In the
modern era, there are numerous indications of HBOT, which
are approved by the Undersea and Hyperbaric Medicine
Society (UHMS) British Hyperbaric Association. Various
indications of HBOT are air embolism, CO poisoning, arterial
insufficiencies, Crush injury, compartment syndrome,
compromised skin grafts and flaps, necrotizing fasciitis, burn
injuries, radiation-induced damage, chronic osteomyelitis,
sensory neural hearing loss, etc.

Although HBOT is a relatively safe procedure, there are
various contraindications of HBOT, which include untreated
pneumothorax, sinus infection, upper respiratory infection,
pulmonary lesions on chest X-ray, high fever (>39°C), history
of chest or ear surgery, any convulsive disorder, middle ear
infection, pregnancy, acute hypoglycemia, etc.['"-?

HBOT is used by many physicians for the management
of ORN since it stimulates angiogenesis and increases
neovascularization, fibroblast and osteoblast proliferation,
and collagen formation in irradiated tissues. Hence tissues
that are compromised as a result of decreased vascularization,
diminished oxygen supply, and decreased ability to recover
after a minor trauma, such as tooth extraction, are benefitted
by HBOT.I'>14

The role of HBOT in radiation-induced damage or ORN
is not widely known due to limited research in this field.
Dieleman conducted a study on the use of HBOT in ORN and
found that HBOT is an effective modality for the management
of ORN.["3

Another study was done by D’Souza et al."® on the effect of
HBOT on the outcomes of ORN. They also concluded that
HBOT is effective in improving outcomes; however, a larger
controlled trial is required to draw a definitive conclusion.

Hampson et al. conducted a study on 411 patients with
chronic radiation-induced damage treated with HBOT. They
also found promising results of HBOT. Various other cohort
studies also have shown promising results of HBOT, when
used for radiation-induced damage, ORN, etc.!'7""%l
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Our study is a retrospective study done on patients
undergoing radiation therapy for various reasons.

The present study is a retrospective study done in patients
with radiation-induced damage, who underwent treatment
by HBOT at our institute. Ethical committee approval was
obtained from the institute. Ethical clearance ref-2924/
ethics/2024, dated 16-01-2024. The study was done from
January 2022 to August 2023.

Inclusion criteria: Patients with radiation damage who

were treated by HBOT.

Exclusion criteria: Patients with contraindications of

HBOT like middle ear pathology.

A total of 42 patients with radiation damage who visited the
departmental outpatient department (OPD) and who underwent
HBOT were included in the study. The procedure was explained
to the patient and attendants. Patients were thoroughly
examined to rule out contraindications of HBOT. The presence
of any systemic diseases or degenerative diseases affecting
hearing was also ruled out. A detailed psychiatric evaluation was
done on all patients. Detailed ear including tympanic membrane
assessment was done. Fitness for HBOT was obtained in all
patients. Informed consent was obtained from all patients for
the procedure, photography, as well as publication. Patients
were given a trial session of pressure of 1.5 ATA for 15-20 min
and were observed for any discomfort. If they tolerated the
trial session then regular sessions were started from the next
day onward. The pressure of the HBOT chamber was increased
gradually from 1.5 ATA to a maximum of 2.5 ATA, depending on
their tolerance. The duration of the session was also increased
gradually up to 60 min. Patients were subjected to the treatment
daily on an OPD basis [Figure 1]. All patients were given HBOT
for 12 weeks. Patient data was collected after completion of the
therapy. Hospital records, patient files, OPD sheets, telephonic
communication, etc., were used to collect data. All data were
entered into an Excel sheet for statistical analysis, and the
following outcome parameters were analyzed.

* Demographic features like age, gender, etc.

*  Presence or absence of comorbidity

* Comparison of pre-HBOT session and post-HBOT
session findings (mouth opening, xerostomia, discharge,
discharging sinus, oro-cutaneous fistula, foul smell, bone
exposure, osteomyelitic changes, requirement of further
surgical procedure, etc.).

Statistical analysis was performed using SPSS software (SPSS
Inc., Chicago, IL, USA) for Windows program (26.0
version). The continuous variables were evaluated by
mean (standard deviation) or range value when required.
The dichotomous variables were presented in number/
frequency and analyzed using Chi-square or Fisher’s
Exact test. For comparison of the means between the two
groups, analysis by Student’s t-test with a 95% confidence
interval was used. A P- value of <0.05 or 0.001 was
regarded as significant.
Age: A total of 42 patients were treated by HBOT who
underwent radiotherapy for various causes. Most of the
patients (61.90%) belonged to the elderly age group,
between 49 and 57 years |Figure 2].
Gender: Most of the patients in our study were
males (71.43%) as compared to females (28.57%). Sex
preponderance also correlates with the increased
incidence of head and neck cancer in the male population
leading to exposure to radiation [Figure 3].
Chemoradiotherapy: Out of 42 patients, 24 patients
underwent chemotherapy, however, 41 out of 42 patients
underwent radiotherapy prior. One patient who did not
undergo radiotherapy developed mandibular necrosis as
a result of wound dehiscence and an exposed implant
was used for mandibular fixation during tumor resection.
Comorbidity status, diabetes mellitus, hypertension:
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Comorbidity was not found to be associated significantly.
Only 10 patients had diabetes mellitus, however, only
10 patients had hypertension [Figure 4].

Duration of complaints: Duration of complaints was
recorded in weeks as mean = SD. Patients presented at
4.86 = 1.96 weeks for HBOT [Table 1].

Mouth opening was measured by finger insertion method. In
all patients, pre-session mouth opening was recorded. Out of
42 patients, 34 patients presented with an associated complaint
of reduced mouth opening of less than 3 finger breadth (80.95%).
Post-session mouth opening was recorded in all patients. Most
of the patients showed satisfactory improvement in mouth
opening during and after completion of HBOT. The pre and
post-session assessments yielded significant improvements
in mouth opening (Finger) from a mean of 1.81 + 0.85 to
2.68 = 0.55 (t = 5.569, P < 0.0001) [Figure 5].
Xerostomia: Xerostomia was also one of the major
associated complaints in many patients. HBOT was
found to be effective in improvement of xerostomia in
most of the patients. Pre and post-HBOT xerostomia
were compared. None of the patients complained of
xerostomia after HBOT, and the results were found to
be significant, with a P- value <0.05.
Discharge from the wound: Most of the patients
complained of discharge, either serous, seropurulent,
or saliva, from their wound, at the time of presentation.

Number Percentage

Age (years)

25-37 3 7114

38-48 9 21.43

49-57 26 61.90

58-68 4 9.52
Gender

Female 12 28.57

Male 30 71.43
Chemotherapy

No 18 42.86

Yes 24 57.14
Radiotherapy

No 1 2.38

Yes 41 97.62
Diabetes

No 32 76.19

Yes 10 23.81
HTN

No 32 76.19

Yes 10 23.81
Duration of complaints (weeks)

Mean=SD 4.86=1.96

Discharge was found to be reduced in all the patients
undergoing HBOT. Hence HBOT was found to be highly
effective in the prevention of post-radiation discharge.
P value was found to be highly significant, i.e. <0.0001.
Foul smell: Out of 42 patients, 34 patients presented with
complaints of foul smell from the mouth due to reduced
mouth opening and persistent discharge. Foul smell from
the mouth was relieved in all patients after completion
of HBOT, and the P- value was found to be <0.0001.

No. of patients
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Discharging sinus: Discharging sinus was found to be
present in 33 patients, and in all patients, sinus was
found to be either reduced or absent. On comparison of
pre-HBOT and post-HBOT, discharging sinus was found
to be highly improved, P < 0.0001.

Oro-cutaneous fistula: A total of 27 patients (64.28%)
presented with complaints of oro-cutaneous fistula before
HBOT. Although patients showed clinical improvement
after HBOT, the P- value was not significant and many
patients required further procedures for fistula closure.
Exposed bone: In our study, 20 patients had bone
exposure at the time of presentation. In a few patients,
HBOT reduced the size of exposed bone, but a complete
reduction of bone exposure was not seen in any patient.
They required further surgical procedures to cover the
bone [Figure 6].

Radiological bony findings: Osteomyelitic changes
were found in 19 patients on orthopantomogram (OPG).
Although few patients showed improvement, the results
were not found to be significant [Table 2].
Complications of HBOT: None of the patients reported
complications after HBOT.

HBOT is known to cause increased vascularity, which reduces
ischemic damage to the tissues. Marx 1990 assessed the
angiogenic properties of normobaric oxygen (100% oxygen at

1 ATA for 90 min daily) and hyperbaric oxygen (100% oxygen
at 2.4 ATA for 90 min daily for 20 days), as compared with
air-breathing controls. Results indicated that normobaric
oxygen had no angiogenic properties above the normal
revascularization of irradiated tissue than air-breathing
controls (P = 0.89). Hyperbaric oxygen demonstrated an
eight-to-nine-fold increased vascular density over both
normobaric oxygen and air-breathing controls./*"

A study done by Kivisaari and Niinikoski?'" suggested that
HBOT might be of benefit in chronic ulcers, complicated
wounds, and non-healing diabetic ulcers. Apart from chronic
wounds, HBOT is shown to be effective in various other
situations like failing flaps and grafts, burns, etc.?2!

In many cancers of the head and neck, radiotherapy plays an
integral role. However, apart from damaging cancerous cells,
radiation damage to normal cells is a universal complication
associated with radiotherapy. ORN is a serious complication
of radiotherapy and should always be considered based on
risk versus benefit principle. ORN was first described in 1922
by Regaud. He described osteoradionecrosis as post-radiation
exposed bone for 3 months in the absence of residual or
recurrent tumor./?

Later Ewing, in 1974, used the term “radiation osteitis,”
which was later named “septic osteoradionecrosis” by
Guttenberg in 1974. Later Marx gave a detailed and complete
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Pre-session
Mean SD

Mouth opening (finger) 1.81 0.85
Xerostomia

No 12 28.57%

Yes 30 71.43%
Discharge

No 8 19.05%

Yes 34 80.95%
Foul smell

No 8 19.05%

Yes 34 80.95%
Discharging sinus

No 10 23.80%

Yes 33 76.19%
Orocutaneous fistula

No 16 37.21%

Yes 27 62.79%
Bone exposed

No 23 53.49%

Yes 20 46.51%
Osteomyelitis on OPG

No 24 55.81%

Yes 19 44.19%

*Values are significant

definition of ORN, according to him, “a nonhealing wound
of more than 6 month duration with exposure of more than
1 cm of bone” is known as ORN.*4

Although the exact etiology and pathogenesis of radiation
damage are not known, several factors like hypoxia,
apoptosis, tissue ischemia, radiation arteritis, and reduced
wound healing contribute to its occurrence. Intraoral
exposure of bone was first noted by Epstein et al.™ According
to him a discontinuity in the mucous membrane with exposed
bone for more than 3 months is known as ORN.

ORN is almost always associated with radiological findings.
Many times bony changes are present, even in the absence
of exposed bone. Hence it is not necessary for ORN to always
have exposed bone. In 2000, Store and Boysen described
the diagnostic criteria for ORN. According to them presence
of bony erosion is always associated with ORN, and is a
confirmatory feature, even in the absence of exposed bone. !

According to previous literature, the definition of ORN may
be defined as “post radiation chronic wound with ischaemic
changes in bone, with or without exposure of bone for
more than three months.” Since the occurrence of ORN is
multifactorial and largely dependent on dose, duration,
exposed area, etc., its prevalence is wide and ranges between

Post-session P

Mean SD

2.68 0.55 t=5.569, P<0.0001*
42 100.00% x=41.317, P<0.05
0 18.52%
42 100.00% x=57.12, P<0.0001*
0 0.00%
42 100.00% x=51.12, P<0.0001*
0 0.00%
42 100.00% x=44.7116, P<0.0001*
0 0.00%%
19 44.19% x=0.4336, P=0.5102
24 55.81%
25 58.14% x=0.1886, P=0.6641
18 41.86%
30 69.77% x=1.792, P=0.1807
13 30.23%

4% and almost 56%. The most common age presenting with
ORN is the elderly age group, more than 55 years of age. In
our study also most common presentation was the elderly
age group.?”2

Watson et al.?” reported that approximately 20% of patients of
ORN, who do not respond to conservative management, are
found to have either tumor recurrence or a second primary
tumor responsible for ORN. However, in our study, none of
the patients showed either recurrence or second primary on
histopathological examination.

Classification of ORN: Various classifications have been
proposed to date for ORN, which divides ORN into minor
and major or minor moderate major. However, these
classifications are largely subjective and observer-biased./?*>

The staged classification of ORN, given by Marx, in 1983
appears to be more accurate. Stage 1 defines ORN with
the exposed bone for at least 6 months, without cutaneous
fistula, osteolysis of the mandible, or pathological fracture.
Stage 2 ORN includes the features of Stage 1 along with bony
resorption and necrosis. Stage 3 includes ORN with a large
amount of bony necrosis, cutaneous fistula, pathological
fracture, etc., In their study, most of the patients responded
well to HBOT, however, Stage 2 patients required minor

National Journal of Maxillofacial Surgery / Volume 15 / Issue 2 / May-August 2024 225



Kumar, et al.: Radiation effects in head and neck

surgical procedures like debridement, tooth extraction,
wound closure, etc., along with HBOT. Stage 3 patients
require major surgical procedures along with HBOT.B!

Another classification was introduced by Clayman L.B" They
divided ORN into two types, type 1 and type 2. Type 1 includes
ORN with intact gingiva, whereas type 2 includes ORN with
mucosal defect causing secondary contamination. According
to them most cases of type 1 respond to conservative
management, whereas cases of type 2 require surgical
intervention.

The most recent classification, which includes both clinical
as well radiological findings, was given by Schwartz and
Kagan®®? and Notani et al.’® According to them, Grade 1 ORN
is limited to the alveolar bone, and Grade 2 ORN extends
up to the mandible, above the level of mandibular alveolar
canal. Grade 3 ORN involves extension above the level of
mandibular alveolar canal, with or without pathological
fracture and skin fistula.

Post-radiation changes are devastating complications of
radiotherapy. HBOT is found to be effective in improvement
of post-radiation changes like mouth opening, xerostomia,
discharge, foul smell, discharging sinus, etc., However, it
was not found to be significant in the closure of fistula with
exposed bone.

*  HBOT = Hyperbaric oxygen therapy

*  ORN = Osteoradionecrosis

* Competing interest = None of the authors have
competing interests.
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