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Abstract
This pilot study describes the clinical effects of Adjunctive Hyperbaric Oxygen Therapy
(HBOT) and Ozone Therapy in the treatment of chronic ulcers most of which did not
respond to standard wound care and conventional methods of therapy and the patients
were threatened by amputation. HBO and Ozone Therapy increased the healing rate
of these ulcers, and avoided amputation. Adjuvant HBO and Ozone Therapy showed
effective adjunctive therapy and we recommend a Randomized Controlled Trial to
prove that effect.
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Introduction
Leg ulcers are a common problem thought to affect about 1% of the population at some point in their
lives and about 1.5 per 1000 people at any one time. Leg ulcers are more common in women than men,
and the prevalence increases with age. Venous disease is present in the majority of cases; peripheral
vascular disease may coexist or may be the main cause of an ulcer. Other disease processes may also
be involved, such as diabetes or rheumatoid disease. Leg ulceration is chronic, and an ulcer may be
present for months or years without healing. After healing, recurrence rates are high. There are many
approaches to management, with large variations in practice at local and international levels. (1)
Hyperbaric Medicine is the fascinating use of barometric pressure for delivering increased oxygen
dissolved in plasma to body tissues. Hyperbaric oxygen therapy (HBOT) is a form of treatment in which
a patient breathes 100% oxygen at higher than normal atmospheric pressure that is greater than 1
atmosphere absolute (ATA). Therapy is given in special therapeutic chambers, which were earlier used
primarily to treat illnesses of deep sea divers. (2, 3, 4)
Ozone (O3) is a strong antioxidant.(5) Ozone can exert protective effects by oxidative preconditioning,
stimulating and/or preserving the endogenous antioxidant systems and by blocking the xanthine /
xanthine oxidase pathway for reactive oxygen species generation, as demonstrated in studies of the
damage induced by carbotetrachloride (CCL4) or by hepatic and renal ischemia-reperfusion. (6, 7, 8, 9)
Ozone has been used with good results in the treatment of patients with diabetic foot, because of its
germicidal properties and its influence on the processes of oxygen metabolism, and other effects. (10)

Aim of the Work
The present pilot study aims to clinically evaluate the effectiveness of two different modalities of OxyTherapy; Hyperbaric Oxygen and Ozone Therapy in the treatment of chronic ulcers.

Patients and Methods
Patients:
This pilot study represents experience in the management of 15 cases, who had clinically diagnosed leg
or foot ulcer, treated throughout the period between 2007 and 2008.
Patients were grouped into three different groups according to the severity of the case and treatment
modality; Hyperbaric Oxygen Therapy; 5 patients; Ozone Therapy; 5 patients; and Combined Modality
Therapy, 5 patients
Methods:
Diagnosis/Assessment; medical history, physical examination, ulcer examination, clinical investigations,
ankle brachial pressure index (ABPI), investigations to exclude other causes, wound measurement,
identifying hard-to-heal ulcers.
Management of wounds: the general rules to treat wounds include the accurate diagnosis and classification
of the Wound, the vascular Status (ABPI), good control of blood glucose, correction of underlying cause,
correction of malnutrition, treatment of Infection, debridement: of necrotic tissue and underlying
osteomyelitis, obliteration of dead space as a result of debridement, .off-loading, wound care, and
finally adjuvant therapy (11).
Hyperbaric Oxygen Therapy: Following the protocol adapted by Jain KK (12), sessions was done in the
Multiplace Baramed 6/2/6 Hyperbaric Chambers, ETC Inc., USA. Oxygen was inhaled from a helmet or
a mask at a pressure of: 2- 2.5 ATA (atmospheric pressure, equals 10 - 15 meters under Sea Surface).
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Sessions were initially done on daily basis (6 sessions/ week). Intermittent, each session will be 90- 120
minutes, with rest every 20 sessions. The first clinical evaluation was done after 5 sessions.
Ozone Therapy: Following the protocol adapted by Renate Viebahn-Hänsler (2007) (13), patients to be
treated daily with ozone (generated by an ozone generator, Ozonosan Alpha 1, Germany), by rectal
insufflation as systemic therapy (with an ozone concentration up to 35 µg), and local treatment by
covering the lesion by a plastic bag, filled with ozone at a concentration of 60 µg, decreased up to
20). The first clinical evaluation was done after 5 sessions. With improvement, the frequency of sessions
was decreased gradually.
Combined: The combined modality was achieved by systemic HBOT and Local O3 as described above.
For local treatment; Standard wound care, topical application of ozonated olive oil and wound dressing.

Results
Ten patients (66.7%) had type 2 diabetes mellitus of them 8 (53.3%) were IDDM. The mean age was
53.3 ± 9.86 years (37- 68 years). The sex distribution was 10 males (66.7%) and 5 females (33.3%),
with a ratio of 2:1. In addition, 10 patients (66.7%) were threatened by amputation.
The main data of the studied patients is shown in table 1.

Table (1): Clinical Data of the Studied Patients
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Outcome
Successful results were achieved in 11 (73.3%) out of the studied 15 patients. The most effective modalities
were combined modality 4 out of 5 (80%), the ozone therapy 4 out of 5 (80%), the HBOT 3 out of 5 (60%).
Considering the severity of cases, combined modality was the most effective but with more selection of
cases which suffered more from ischemia, infection and/or edema. Ozone therapy was very effective,
easier to apply with less complication and higher patient compliance.
A striking feature was that out of the 10 patients threatened by amputation, seven (70%) patients had
their limbs saved.
Clinical case treated with HBOT:
Male, 38 yrs, smoker not diabetic. complaining of recurrent left leg ulcer since 1 month provoked by
Trauma, then infected wound, gradually increased in size. Similar ulcer developed in the same place
since 10 years and lasted for 3 Years. (Figure 1)

Clinical case treated with ozone therapy:
A 65 years male IDDM patient was diagnosed as Rt diabetic foot gangrene; Wagner 4 classification. The
main problem was diabetic foot, Infection and neuropathy. He was recommended for Right below knee
amputation. He was unfit for HBOT because of his heart problem. He received ozone therapy daily
(Topical 80→60 µg/ml) and rectal insufflation 15 – 35 µ/ml 250 – 300 ml for 5 days followed by surgical
debridement. Ozone therapy continued 3 sessions / week for seven weeks then twice / week for four
weeks and finally once / week for 12 weeks. This was followed by using ozonated olive oil only. The
maximum concentration for rectal insufflation was 35 µ/ml and the volume was 300 ml. Topical ozone
concentration dropped gradually from 80 µ/ml till 20 µ/ml. (Figures 2, 3)
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Clinical cases treated with combined HBOT and ozone therapy:
A 55 years female patient with uncontrolled IDDM and ulcer of the left heel. She was suffering from pains
of the left leg and foot. She passed serial debridements and unfit for re-vascularization. She was planned
for below knee amputation. There was complete occlusion of tibialis posterior artery and occluded
segments of tibialis anterior and superficial safenous arteries. There was left leg ischemia (ABPI 0.65),
severe diabetic foot infection, gangrenous arterial Ulcer of the Heel. The surgical decision was to control
diabetes, ischemia, and infection. This to be followed by debridement, grafting (plastic surgery) and
proper foot wear. The oxy-therapy protocol was to start with HBOT till control of ischemia and infection
by 20 sessions daily; 6 days / week. This is to be followed by topical ozone three sessions / week (60
µg/ml) till wound is clean; then three sessions / week (40→20 µg/ml) to promote healing. The total therapy
was 23 sessions HBOT and 37 sessions topical ozone in a four month period. (Figure 4)

Another case of 68 years male, NIDDM, smoker with severe pains of the left leg and foot. He suffered
from intermittent claudications and was unfit for revascularization. There was a pressure ulcer of the left
heel and left superficial safenous artery occlusion. (Figure 5)
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Discussion
HBO promotes wound healing by counteracting tissue hypoxia and is a valuable adjunct in management
of ischemic, infected, and non-healing wounds. (12) It is generally accepted that correction of woundhypoxia is required to provide enough O2 that would support growth of regenerating tissues. (14)
Rationale of HBO for ulcers based on the hypoxia theory has been a matter of controversy, between
authors who do not recommend the use of HBOT in venous ulcers; reporting that the role of HBOT
seems very limited, and that reported successful cases would heal without the need for HBO, (15) or
reporting that it is difficult to justify such an expensive, ineffective, complication-prone treatment modality
for problem extremity wounds. (16)
Several studies reported favorable results in treating venous ulcers with HBO. (17, 18) Specifically, two
Double-Blind, Randomized-controlled studies; the first has significantly demonstrated an improvement
in venous stasis ulcers that showed no response to standard wound care. (19) The second concluded that
hyperbaric oxygen enhanced the healing of ischemic, non-healing diabetic leg ulcers and may be used
as a valuable adjunct to conventional therapy when reconstructive surgery is not possible. (20)
On the other hand, authors supporting its use only in extraordinary circumstances as a useful adjunct in
the treatment of some life- or limb-threatening situations where it can be cost effective.(21) Also, Jain et
al, 2004 reported that HBO will remain an important adjunct to wound healing but its role needs to be
redefined. (12)
Clinical comparation
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Conclusions
Oxy-Therapy is a beneficial adjuvant therapy that:
•Accelerates the rate of wound healing,
•Preserves a functional extremity,
•Reduces the need for Amputation, and
•Increases the rate of complete healing of bad ulcers on long-term therapy
Ozone Therapy:
Highly effective treatment of bad healing ulcers
Improves some systemic disorders present in those patients
Enhances the sense of wellbeing
Hyperbaric Oxygen Therapy:
Valuable for treating Selected cases of diabetic foot complications and impaired wound-healing.
(Hypoxic)
Combined Modality
More beneficial in Selected cases (Hypoxia, infection, edema)
Costly

Recommendations
From this pilot study we conclude that Adjuvant HBO and Ozone Therapy increased healing rates of
chronic leg ulcers which did not respond to standard wound care and conventional methods of therapy,
even in the presence of significant and severe co morbidities and challenges.
We also support many recommendations that the role of HBOT and Ozone Therapy should be redefined
by good randomized controlled studies to improve the level of evidence supporting their use in the
management of venous ulcers and the cost effectiveness of its use.
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