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CLINICAL ARTICLES

A New Concept in the
Treatment of Osteoradionecrosis

ROBERT E. MARX, DDS*

Hyperbaric oxygen and aggressive surgery in a progressively staged manner
were used to achieve complete resolution of osteoradionecrosis of the
mandible in 58 patients. Forty-one patients required partial mandibulec-
tomy. All the discontinuous mandibles were reconstructed, and function

was restored in all patients.

Both surgical and nonsurgical treatments have
been used for osteoradionecrosis of the jaws.'3
Nonsurgical treatments have been falsely described
as ‘‘conservative therapy.” Rankow and Weissman?
recommended treatment of osteoradionecrosis of the
jaws in two stages, Patients were advised to avoid
alcohol, smoking, hot and cold foods, and prostho-
dontic appliances; tetracycline, a variety of oral
rinses, and analgesics were routinely prescribed.
After one year, if exposed bone persisted, pain con-
tinued, a pathologic fracture developed, or an oro-
cutaneous fistula formed, then hemimandibulec-
tomy was performed. The result was a high inci-
dence of nonresponders who came to surgery after
the year’s course of treatment and required more
extensive resections than would have initially been
indicated. Rankow and Weissman estimated that
25% of their patients were nonresponders, but in
another report by Daly and Drane,* 64% of patients
represented failure of nonsurgical therapy.

Conservative surgical approaches have also been
proposed. Hahn and Corgill® drilled holes through
the irradiated nonviable mandibular cortex into vi-
able medullary bone in order to stimulate granula-
tion tissue to proliferate over or replace the necrotic
bone. The outcome of this approach, also, was often
resection, but not before many months of continued
disease (Fig. 1). Lengthy courses of antibiotic and
analgesic therapy, to the point of iatrogenic addic-
tion, are also common. Often, practitioners also
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perform repeated sequestrectomies with rongeurs
or burrs, resulting only in larger areas of exposed
bone, the cumulative removal of large segments of
mandible, and failure to control the disease process.
The single most important reason nonsurgical and
conservative surgical approaches are associated with
such statistically poor results is that they fail to ad-
dress the basic pathophysiology of the disease.®
Tetracycline or other antibiotic therapy continued
for long periods of time without significant repair
of the exposed bone suggests a limited response to
antimicrobial treatment. Either the antibiotic is in-
effective against the organisms present, or, as we
know now, organisms are not a major factor in the
progression of the disease.® On the other hand, pro-
longed periods of unsuccessful treatment often re-
sult in extension of the disease. An area of irradi-
ated bone and mucosa that breaks down, whatever
the cause, has a much greater oxygen and metabolic
demand than it had prior to being wounded. To al-
low a year or more to proceed, or to intervene with
holes or sequestrectomies, adds a further demand
for oxygen and nutrition to the tissues. Further cel-
lular death and collagen lysis ensue, resulting in a
wider area of mucosal breakdown and a greater
quantity of nonviable bone. With such a loss of time
and tissue, resections must be larger than would
have earlier been required. Furthermore, these ap-
proaches have a built-in loss of human and financial
resources, as well as a potential for causing drug
addiction. The unproductive hours spent in wound
care, and the quantity of antibiotics and narcotic
analgesics prescribed for a single case of osteora-
dionecrosis in a year’s time, are astronomical.
Hyperbaric oxygen has been reported®’ to be ef-
fective as an adjunctive treatment for osteoradione-
crosis. It was thought that hyperbaric oxygen was
directly bacteriostatic or bacteriocidal and that it
increased oxygen-dependent leukocyte microbial
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FIGURE 1. Above, Persistent osteoradionecrosis six months
after placement of bur holes into medullary bone. Below, Same
mandible after 22 months of persistent exposed bone. Notice
sockets in anterior mandible with no evidence of remodeling
after 28 months.

killing properties.*"" Hart and Mainous® also sug-
gested as early as 1976 that the action of hyperbaric
oxygen may be due not to its antibacterial effects
but to an enhancement of wound healing through
vascular proliferation. Nevertheless, hyperbaric
oxygen was reported to relieve pain, eliminate oro-
cutaneous fistulas, and achieve osseous union in
pathologic fractures.!!

Many practitioners saw hyperbaric oxygen as the
definitive cure for osteoradionecrosis and were dis-
appointed when less than absolute cures were ob-
served. Some of the unsatisfactory results were
caused by different protocols for hyperbaric oxygen
time and depth as well as by differences in the
amount and timing of surgical intervention. Surgery
was employed very sparingly in the reported patient
series. Mainous et al'? reported adjunctive surgical
procedures in 14 patients, and in a second report,’
in 19 of 46 patients. Small sequestrectomies repre-
sented the most common surgical procedure.”!? Re-
construction of resected mandibles was rarely re-
ported. (Only four of 46 patients in the series by
Mainous and Hart” and only one of 14 in the series
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by Mainous and Boyne,'? underwent mandibular re-
constructions.)

Several reports discussed arrest of disease, not
resolution of disease.®!® Patients were reported to
require two or more courses of hyperbaric oxygen,
accumulating 120 to 150 hours or more of exposure.!?
Indeed, our experience at Wilford Hall USAF Med-
ical Center was also one in which many patients
would undergo hyperbaric oxygen therapy and ex-
perience improvement but not complete healing of
the exposed bone. They all experienced pain relief
but were discharged with persistently exposed bone
after 80 to 120 hours of treatment. They all returned
later with further exposed bone and a recurrence of
pain. Many of our patients underwent several
courses of hyperbaric oxygen, but the condition only
remained temporarily arrested between hyperbaric
oxygen courses. Some patients accumulated up to
350 hours of hyperbaric oxygen exposure. Our ex-
perience and that of others soon established that
hyperbaric oxygen without aggressive surgical man-
agement would not resolve the disease process in
most cases. The inability of practitioners and insti-
tutions to reproduce the reported results and touted
accomplishments of hyperbaric oxygen, such as the
repair of nonunions without grafting, and the heal-
ing of orocutaneous fistulas without surgical clo-
sure, gave pause to its wide acceptance as a primary
treatment modality. Yet, it is well known that hy-
perbaric oxygen enhances wound healing,"" a
property that addresses the basic pathophysiology
of osteoradionecrosis.®

The overview is that nonhyperbaric oxygen ap-
proaches are unable to improve osteoradionecrosis
consistently. Hyperbaric oxygen alone is able to ar-
rest osteoradionecrosis but cannot totally resolve
it. The result is a waste of time and expense with
extensive treatment courses and excessive hyper-
baric oxygen exposure.
~ The challenges in the effective application of hy-
perbaric oxygen are these:

1. To identify patients who can respond to hy-
perbaric oxygen without aggressive surgery.

2. To know when to intervene with surgery.

3, To determine what degree of surgical inter-
vention is required.

4. To provide reconstruction to all those who re-
quire resection.

5. To coordinate hyperbaric oxygen with surgery
to resolve osteoradionecrosis and not merely arrest
its progress. ‘

6. To keep hyperbaric oxygen exposures to a
minimum.

To meet these challenges, we have developed a
definitive hyperbaric oxygen protocol based on the
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Table 1. Refractory Osteoradionecrosis
Previous Trfaatment Total No. of No. with Orocu- No. with Patho- No. with
Modality Patients taneous Fistulas logic Fracture Pain

Nonsurgical 23 4 6 11
Surgical without

hyperbaric oxygen 8 1 2 7
Surgical with

hyperbaric dxygen 5 0 0 3
Hyperbaric oxygen alone 22 6 6 12

Total 58 1 1 3

pathophysiology elucidated in our previous report.$
This protocol was investigated at Wilford Hall USAF
Medical Center and represents a new concept in the
treatment of osteoradionecrosis.

Materials and Methods

Fifty-eight patients who were referred to Wil-
ford Hall USAF Medical Center with a diagnosis of
“*refractory osteoradionecrosis’ were treated with
this investigational protocol. All 58 had persistent
osteoradionecrosis after treatment by nonsurgical,
surgical, or other hyperbaric oxygen protocols. A
summary of the previous treatment approaches and
complicating factors is presented in Table 1.

Patients received hyperbaric oxygen in a multi-
place chamber at either the USAF School of Aer-
ospace Medicine, Brooks Air Force Base, Texas,
or Methodist Hospital, Department of Hyperbaric
Medicine, San Antonio, Texas. Both facilities
achieve a controlled hyperbaric oxygen delivery
cycle, or “*dive.”” Each dive consists of

FIGURE 2. Above, Osteoradionecrosis before patient entered
Stage I of Wilford Hall USAF Medical Center protocol. Below,
Resolution of osteoradionecrosis after Stage I therapy.

1. 100% oxygen breathed via a pilot’s face mask
or plastic hood.

2. Chamber compression to 2.4 atmospheres ab-
solute pressure (ATA).

3. Oxygen exposure for 90 minutes, once per day,
five days per week.

The Wilford Hall hyperbaric oxygen osteoradio-
necrosis protocol consists of three stages.

In Stage I, there are 30 dives, after which the os-
teoradionecrosis wound is re-examined. If the wound
shows definitive clinical improvement, such as a de-
crease in the amount of exposed bone, granulation
tissue covering the exposed bone, resorption of non-
viable bone, and absence of inflammation, the patient
completes a full course of 60 dives for achievement of
full mucosal cover (Fig. 2). If there is no clinical im-
provement by 30 dives, as evidenced by extended or
continued exposure of bone, absence of mucosal pro-
liferation, or presence of inflammation, the patient is
identified as a nonresponder to Stage I and is ad-
vanced to Stage II.

In Stage 11, a transoral alveolar sequestrectomy
is accomplished with a primary mucosal closure.
Hyperbaric oxygen dives continue after surgery. If
healing progresses without complication, dives con-
tinue up to a total of 60 (Fig. 3). If the wound de-
hisces, leaving exposed bone, the patient is identi-
fied as a nonresponder to Stage II and is advanced
to Stage II1. In a patient whose initial presentation
includes either pathologic fracture, orocutaneous
fistula, or radiographic evidence of resorption to the
inferior border, an initial course of 30 dives is given,
and the patient directly enters Stage III of treat-
ment.

In Stage III, after a minimum of 30 dives, the
patient undergoes a resection, the margins of which
are determined at the time of surgery by the pres-
ence of bleeding bone or by tetracycline fluores-
cence under ultraviolet light. The segments of man-
dible are stabilized with either extraskeletal pin fix-
ation or maxillomandibular fixation. If there is any
oral dehiscence or orocutaneous fistula, de-epithelial-
ization and primary closure are done. Hyperbaric
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FIGURE 3. Above, left, osteoradionecrosis that did not respond to Stage I therapy. Above, right, transoral alveolar resection as part
of Stage II therapy. Below, left, healed mucosa after Stage Il therapy. Below, right, radiograph of mandible after Stage I therapy,

showing structural integrity and quantity of remaining bone.

dives are continued until a healthy mucosal closure
is evident or a total of 60 accumulated dives is
reached. Patients are then advanced to Stage I1I-R
(Figs. 4 and 5).

In Stage III-R, ten weeks after resection, the pa-
tient is given an additional 20 dives in preparation
for bone graft reconstruction. Reconstruction is then
accomplished from a strictly transcutaneous ap-
proach without oral contamination. Then, ten more
dives are given, and jaw fixation is maintained for
eight weeks. If a quantitative soft tissue deficiency
exists, it is corrected by a myocutaneous or my-

omucosal flap prior to reconstruction in the Stage
II-R profile.

Results

All 58 cases of refractory osteoradionecrosis re-
solved within the three stages of this protocol. The
four criteria of resolution were as follows;

1. Freedom from pain.

2. Retention or reconstruction of mandibular
continuity.

FIGURE 4. Above, left, Clinical view of osteoradionecrosis presenting in Stage III after 7600 rads of external beam supervoltage
radiation. Above, center, Panoramic view of same patient, showing osteolytic process into ramus. Below, left, Clinical view of same
area after Stage LI therapy and reconstruction in Stage III-R. Below, center, Panoramic radiograph of same patient after Stage II1
therapy and reconstruction in Stage III-R. Right, Technetium 99 Diphosphonate bone scan of same patient, showing viability of graft.
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FIGURE 5. Above, left, Clinical view
of patient with osteoradionecrosis, path-
ologic fracture, and an orocutaneous fis-
tula presenting in Stage III five years after
7200 rads of combined implant external
beam radiation. Above, right, Panoramic
radiograph of same patient. Below, left,
Clinical view of well-healed tissue after
response to Stage 111 therapy and Stage
III-R reconstruction. Below, right, Pan-
oramic radiograph 36 months later. Pa-
tient had been using a partial denture
S.ince the third month after reconstruc-
tion,

_ 3. Restoration of mandibular function and wear-
ing of prosthodontic appliances, if needed.

4. Maintenance of intact mucosa over all bone
fpr the length of follow-up (minimum acceptable
time, 18 months). Resolution was achieved in Stage
I for nine patients (15%), in Stage II for eight pa-
tients (14%), and in Stage III for 41 patients (70%)
(Table 2). All 41 patients who required resection
after resolution in Stage III underwent successful
reconstruction with the Stage III-R protocol. These
41 reconstructions have met our published criteria
for successful reconstruction,’ i.e., restoration of
continuity, restoration of alveolar bone height,
elimination of soft tissue deficiencies, restoration of
osseous bulk, maintenance of osseous content
without resorption for a minimum of 18 months, and
restoration of acceptable facial form.

Resolution occured in all patients with one course
of hyperbaric oxygen exposure. Stage 1 and Stage
II responders required 90 hours of hyperbaric ox-
ygen. Stage 111 responders received an average of
108 hours of treatment (90 hours to a maximum of
135 hours). This total includes the 45 hours of hy-
perbaric oxygen associated with the reconstruction.

Table 2. Resolution of 58 Cases of
Refractory Osteoradionecrosis

Average Time

of Hyperbaric
Oxygen Exposure
Stage of Resolution No. of Patients (Hours)
Stage I 9 90
Stage IT 8 90
Stage I11 41 108*

# Includes hours of hyperbaric oxygen exposure accumulated
for reconstruction in Stage III-R.
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Discussion

The successful treatment of advanced osteoradio-
necrosis using aggressive surgical principles and hy-
perbaric oxygen may be explained by the alteration
of the existing hypoxia, hypocellularity, and hypo-
vascularity (the three H principle). Studies by
Silver!” and by Sheffield et al'® have shown tissue
oxygen tensions to be dramatically elevated during
hyperbaric oxygen dives. When the dive character-
istics outlined in this paper are used, wound oxygen
tensions rise to 150-250 mm Hg at depth. Although
wound oxygen tensions return toward hypoxic lev-
els quickly upon ascent to sea-level/room-air
breathing (10-15 mm Hg), the intermittent eleva-
tions in tissue oxygen tensions stimulate collagen
synthesis and fibroblastic proliferation.”” Hunt'"" has
shown the response to new collagen synthesis to be
one of vascular proliferation, the result being one
of a hyperbaric oxygen-induced angiogenesis and
neocellularity of the osteoradionecrotic wound. Ad-
ditionally, implanted oxygen electrodes and trans-
cutaneous oxygen monitoring have shown an im-
provement in tissue hypoxia toward normal oxygen
levels, peaking between the 20th and 30th dives.
However, hyperbaric oxygen alone cannot usually
heal osteoradionecrotic wounds (only 15% of our
patients responded in Stage 1). The reusons are
threefold. First, the degree of radiation tissue injury
varies greatly between patients, even with identical
doses and fractionations. Therefore, the degrees of
hypoxia, hypocellularity, and hypovascularity also
vary and are impossible to predict. Some patients
have a greater residual and peripheral cellular pool
that can respond to hyperbaric oxygen. Second, im-
provements we have observed in wound oxygen
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FIGURE 6. Above, Osteoradionecrosis specimen, showing fi-
brosis, hypocellularity, and hypovascularity. (Hematoxylin and
eosin, original magnification x25.) Below, Same patient’s recip-
ient tissue bed at time of Stage III-R reconstruction, showing
hyperbaric oxygen—induced cellularity and angiogenesis. (He-
matoxylin and eosin, original magnification x25).

tensions have been toward normal oxygen levels
but still do not reach those levels. Stated simply,
hyperbaric oxygen cannot entirely reverse radiation
injury. Third, hyperbaric oxygen cannot resurrect
dead bone. In osteoradionecrosis, a certain amount
of necrotic bone remains unresorbed due to the hy-
povascularity. Because osteoclasts have now con-
clusively been shown to be derived from circulating
monocytes, the reason for unresorbed and non-
healing bone in osteoradionecrosis are quite appar-
ent.20

The weakness of treatment not utilizing hyper-
baric oxygen is that wound healing cannot progress
without improvement in tissue oxygenation. This is
particularly true when tissue oxygen demand is in-
creased by surgical wounding or continuous long-
term exposure of bone. Hyperbaric oxygen is the
only modality that can accomplish this and should
be a primary part of all therapy for osteoradione-
crosis (Fig. 6).

The weakness inherent in nonsurgical approach-
es, even when hyperbaric oxygen is used, is that
significant amounts of necrotic tissue impair wound
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healing. Despite the angiogenesis afld cellular pro-
liferation induced by hyperbaric oxygen, most
wounds of osteoradionecrosis contain so great a
quantity of necrotic bone that resorption and com-
plete healing cannot occur. In this study, 85% of
patients required some surgical removal of bone,
and 71% of all patients required large resections.
Debridement of necrotic tissue is a time-honored
surgical principle in wounds secondary to small ves-
sel disease. Since the pathophysiology we defined
involves radiation-induced small vessel disease, the
application of wound debridement is only logical.
Although many others have employed wound de-
bridement, it has often been far too little, leaving
residual necrotic tissue and resulting in a more
severe problem. When larger resections with ade-
quate removal of all necrotic tissue have been
employed, reconstruction has been rarely accom-
plished. Patients proceed with resolved osteoradio-
necrosis but with unacceptable functional impair-
ment and deformity.

The merits of this protocol rest with the interre-
lationship of hyperbaric oxygen and surgery in a
progressive sequence. Both are used for diagnostic
and prognostic modalities, as well as for treatment
modalities. The response of osteoradionecrosis to
hyperbaric oxygen in Stage I gives a diagnostic
impression of the person’s actual local radiation in-
jury. The response also gives a reasonably reliable
prognostic impression as to whether resolution is
possible with hyperbaric oxygen alone or whether
surgery is indicated. The response of patients to
Stage II therapy gives similar diagnostic and prog-
nostic impressions, as well as definitive indications
for resection.

Successful reconstruction and healing of surgical
wounds were achieved within a relatively short time
in every patient requiring resection who was in the
Stage III and Stage III-R groups. The brief delay
after Stage III resection permitted a graft to be
placed into a vascular and cellular recipient bed
covered with an intact mucosa. Graft infection and
wound dehiscence were significantly reduced, and
prosthodontic rehabilitation, when required, was
possible within three months.

This protocol does not exclude the adjunctive use
of antibiotics, irrigation, local wound care, and nu-
tritional support, which are important parts of total
patient care. In the past, those measures were the
primary focus of therapy for osteoradionecrosis,
with hyperbaric oxygen and surgery being adjunc-
tive measures. However, our treatment results
strongly suggest that hyperbaric oxygen and sur-
gery should be the primary treatment modalities for
osteoradionecrosis and that all others are adjunc-
tive to those two.

—
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