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Topical oxygen therapy promotes the
healing of chronic diabetic foot ulcers:
a pilot study
Objective: Interventions that can heal or reduce diabetic foot ulcer
(DFU) size may reduce the incidence of infection and amputation, and
reduce associated social and economic costs. Many chronic wounds
exhibit a degree of hypoxia and this leads to a reduction in healing
processes including cell division and differentiation, angiogenesis,
infection prevention, and collagen production. The aim of this pilot
study was to assess the effects of a device supplying continuous
oxygen ambulatory therapy on healing in chronic DFUs.
Method: Patients with chronic DFUs from two tertiary referral hospitals
in the UK received treatment with the device. Data were prospectively
obtained on wound size using standardised digital images measured
by a clinician blinded to the study. Data on device satisfaction and pain
were also obtained.
Results: We recruited 10 patients, with a mean ulcer duration of 43 weeks
(median: 43 weeks) before treatment. By week eight, mean ulcer size had
decreased by 51% (median: 53%). Seven of the 10 ulcers were in a
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n 2012 the cost of diabetic foot ulcers (DFUs) and
related amputations in the UK was between
£600–700 million per year, with most of the costs
associated with type 2 diabetes due to
hospitalisation.1 Furthermore, patients with
diabetes are more likely to be admitted with a foot ulcer
than any other complication of the disease.2
Interventions that can potentially heal or reduce the
size of DFUs may reduce the incidence of infection and
amputation rates in this patient group, leading to
lower associated costs for healthcare providers.
For a wound to heal, overall body metabolism must
increase energy production by around 20% for clean
wounds and 50% for infected wounds,3 and local
cellular metabolism at the wound bed must increase by
around 500%. This energy is necessary for the cellular
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processes required for cell division, angiogenesis and
collagen production, all of which are essential for
wound healing. As such, wound healing is most
efficient when cells have sufficient energy to reproduce,
manufacture proteins, and fight infection. When
oxygen levels in a wound are low, one molecule of
oxygen generates just two molecules of energy,
adenosine triphosphate (ATP). However, with plentiful
local oxygen, the process is 18 times more efficient,
with each oxygen molecule generating 36 molecules of
ATP (energy). As such, by creating an oxygen-rich
environment, wound healing is improved.
Wound hypoxia occurs in patients with diabetes for a
number of reasons, including macrovascular and
microvascular disease, and local oedema (Fig 1). Despite
the fact that tissue oxygenation is achieved by several
means, the central area of a wound in a patient with
diabetes can be as low as 0–10mmHg,4 well below that
required to heal wounds, especially given that wounds in
this setting have a higher metabolic demand than
wounds in non-diabetic patients.5 Even in patients with
diabetes and foot pulses, there can be a failure of oxygen
delivery to the capillary bed, and therefore the tissues,
because of arterio-venous shunting. Furthermore, there
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healing trajectory, one ulcer present for 56 weeks healed completely, a
two-year old ulcer was reduced by more than 50%, and a third, present
for 88 weeks, was down to 10% of its original size by the end of the
eight-week study. There was also a non-significant trend towards
reduction in pain and the device was extremely well tolerated.
Conclusion: The ambulatory topical oxygen delivery device showed
a significant beneficial effect on wound size. This poses practical
advantages over currently existing oxygen-based wound therapies
such as hyperbaric oxygen therapy due to its continuous oxygen
delivery, ease of use, safety and lower cost. The results of this study
warrant further review of the device in comparison to standard
wound therapies.
Declaration of interest: PH undertakes consultancy work for Inotec.
The study was wholly funded through an NHS contract under the Small
Business Research Initiative scheme, administered by Health
Enterprise East.

practice
Fig 1. Most wounds exhibit a degree of hypoxia, low oxygen levels lead to reduced rates of wound healing
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Fig 2. A portable oxygen delivery system used in the study

is considerable evidence to support the importance of
oxygen for efficient wound healing from studies that
have shown that hypoxia inhibits the crucial cellular
mechanisms that promote and underlie tissue healing,3,6
and that inferior clinical outcomes of healing are
Fig 3. Effect of topical oxygen therapy on a failed transmetatarsal
amputation. The patient had been offered a below-knee amputation before
starting topical oxygen therapy (a), after eight weeks the wound had reduced
by 72% and was ultimately salvaged (b)
a

b

Fig 4. Individual healing curves, showing percent change over time in wound
size relative to baseline. Note the initial increase in size in some wounds
before going on to improve
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associated with low transcutaneous partial pressure of
oxygen (TcPO2).7 Processes such as collagen synthesis
and cross linking, long-term angiogenesis, the respiratory
burst for bacterial killing and epithelialisation are all
reduced in hypoxic tissue.8
As such, it is now generally accepted that correcting
wound hypoxia increases the healing response,9 and
this has been the subject of various modes of
intervention in recent years. The concept of increasing
the availability of oxygen to facilitate wound healing
was developed originally with systemic hyperbaric
oxygen therapy (HBOT). However, this treatment
modality has shown limited success in wound healing
because it can only be used for very short periods of the
week (approximately 5%), which limits its efficacy in
raising oxygen levels in wounds for a prolonged
period.10 In addition, access to the treatment is limited,
patients must be confined to the chamber for the
duration of the treatment, and it is costly.11
Although systemic HBOT has been shown to
potentially reduce the rate of major amputation in
people with chronic DFUs12,13 as well as improve healing
in the short term,14 current guidelines are inconclusive
with respect to incorporating this mode of therapy into
standard treatment on grounds of insufficient
evidence.15,16 Adverse effects arising from barotrauma
and oxygen toxicity have also negatively impacted on its
widespread applicability, along with practical limitations
such as accessibility and cost of treatment.17
Local HBOT employs an entirely different route of
delivery that circumvents systemic exposure to supraatmospheric air pressures and supra-physiologic oxygen
levels. Acceleration in healing with local hyperbaric
oxygen therapy has been demonstrated18 although,
again, there is a paucity of level 1 or 2 evidence to
support its routine use. A common difficulty with both
treatment modalities is that the administration of
oxygen is intermittent due to the restrictive nature of
the chamber or device by which it is provided.
Topical continuous diffusion of oxygen is a mode of
oxygen therapy that has been revisited in the past
decade. The delivery of oxygen is achieved in either a
gaseous or dissolved form. Gaseous oxygen is
administered by a device consisting of a small batterypowered electrochemical oxygen generator that
electrolyses atmospheric water vapour to produce pure
humidified oxygen. The oxygen is transported down
a fine bore tube and delivered onto the surface of the
wound, creating a high concentration of oxygen
under the dressing, and allowing for oxygen to be
diffused down the concentration gradient into the
wound. While the topical route of delivery is similar
to that of local HBOT, a major distinction is that the
compact nature of the device allows the patient to be
completely ambulatory, and therefore undergo
continuous 24/7 treatment while the device is in situ
(Fig 2). From a practical standpoint, this method’s
relative low costs and simplicity of use create the
potential for it to be a widely available treatment
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Fig 5. Mean wound area reduction over the eight-week
trial period for the 10 chronic, previously non-healing,
diabetic foot ulcers studied. Even with the limited sample
size the therapy resulted in a statistically significant
reduction in wound size over time when tested with
repeated measures ANOVA (p=0.015)
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Median wound area reduction over 8 weeks

adjunct in hospital and community settings if
evidence supports its efficacy in healing DFUs and
reducing associated morbidity and mortality.
There are a number of ways of increasing oxygen
delivery to tissues, and these are summarised in a
recent European Wound Management Association
(EWMA) document ‘Use of oxygen therapies in wound
healing: focus on topical and hyperbaric oxygen’. 19
The effectiveness of topical oxygen in diabetic foot
wounds remains largely unverified due to the relatively
recent development of the therapy. This phase I study
aims to examine the efficacy and safety of topical
continuous diffusion of oxygen in diabetic foot
wounds, and to detect and describe any potential
adverse effects.
The ambulatory topical oxygen delivery device20
used in this study delivers continuous oxygen to the
wound bed through an oxygen distribution system, or
diffuser that sits on the wound surface and is connected
to the generator by a fine bore tube. The generator
employs a small, battery-powered electrochemical
‘oxygen generator’ that produces oxygen from water
molecules in the atmosphere at a concentration of
around 98%, and a rate of approximately 15ml per
hour. The oxygen distribution system is held in place,
overlying the wound bed by a conventional dressing,
and the oxygen generator is worn by the patient in a
holster on the waist or above the calf, or can be placed
in a trouser pocket, therefore enabling the patient to
enjoy normal mobility whilst receiving continuous
oxygen treatment.
The aim of this pilot study was to assess the effects of
an ambulatory topical oxygen delivery device on
healing in chronic DFU.

Method
The study was conducted jointly at Addenbrooke’s
Hospital in Cambridge, UK and St Georges Hospital in
London, UK over a six month period. The use of the
device in 10 patients with chronic DFUs was studied
over an eight-week period. Patients with chronic, nonhealing DFUs were selected across the two sites, and all
had previously undergone a full diabetic and arterial
assessment. Where appropriate, they were maintained
in offloading footwear and had their arterial inflow
optimised where possible.
The criteria for inclusion in the study were as follows:
●● No significant ulcer size reduction (<20%) seen
despite using best practice care for a minimum of
four weeks in the tertiary care centre
●● There was no minimum ankle-brachial pressure
index (ABPI) level and patients were not required to
have this performed
●● Patients with evidence of acute, invasive infection
were excluded, but chronic osteomyelitis was
allowable
●● Ability of patient to change and charge the battery in
the device.
Each patient was followed up in clinic for eight
weeks; this matched current standard follow-up practice
in the two centres. As this was our first pilot study, for
ethical reasons, we chose to only treat the patients for
eight weeks as the effect of the therapy was unknown
at that time. All data were collected prospectively for
this period, but not beyond as our Research Ethics
Committee permission was for an eight-week study.
Secondary overlying dressings were chosen from
each hospital’s wound care formulary. In each patient,
the disposable oxygen delivery system dressing was
placed directly on to the wound bed, and the wound
was then dressed with what was felt to be standard care
for each particular wound. Changes of dressing types
were allowable throughout the study period.
Patients were reviewed in clinic every week and
assessed between these visits by community nurses.
Wounds were measured and digitally photographed at
each review visit, and all relevant consents and
permissions were obtained. The images were measured
by a single observer using a commercially available
software system (https://www.klonk.dk). An analogue
scoring system was used to evaluate patients’ pain
scores, and also satisfaction with the use of the device.

Results
We recruited 10 patients across both sites. Before
treatment with the ambulatory topical oxygen delivery
device, the mean duration of ulceration was 43 weeks,
indicating that these were chronic, non-healing
wounds. In addition, half of the patients studied also
had previously documented peripheral arterial disease.
The mean age was 64, and 80% of the participants were
male. There was a good variation in ulcer types:
three plantar, two heel, two over metatarsal heads, two
toes, and one failed trans-metatarsal amputation.
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By week eight of the study, the median ulcer size had
decreased by 53% (mean: 51%) and 7/10 ulcers were on
a healing trajectory with a documented decrease in size.
Complete healing was seen in one heel ulcer that had
been present for 56 weeks, and a further ulcer that had
been present for two years reduced by more than 50%
during the eight-week study period. A third ulcer that
had been present for 88 weeks had reduced to 10% of
its original by the end of the study.
The first patient included in the study had already
been offered an amputation, after a failed transmetatarsal
amputation, but by the end of the eight-week period,
his ulcer had decreased to 30% of its initial size (Fig 3).
The results of the study are summarised graphically in
Figs 4 and 5. It is of note that by week six, there appears to
be a clear delineation between those ulcers that responded
positively to the oxygen therapy and those that failed to do
so. Of further note is the fact that 6/10 ulcers actually
increased in size over the first two weeks, before four of
these six then had significant decreases in size.
There was also a non-significant trend towards a
reduction in pain scores. Across the baseline and
week 1, 39% of patients recorded pain scores of 5/10 or
above (7/18), but by weeks seven and eight only 7% of
pain scores were above five (1/13; p=0.05).
Despite the novel nature of the therapy, it was well
tolerated, and no patient stopped the treatment
through personal choice. Patient feedback was wholly
positive and several patients reported enjoying having
an active role in the management of their treatment
with the device. This was echoed by three members of
the healthcare teams involved who felt that the patients
were empowered by their participation in the care of
their wounds.
Further follow-up of the patient group has shown
persistent benefit from the use of the device; there have
been no recurrent ulcers and several of the ulcers have
gone on to heal completely. Two patients who
subsequently developed new ulcers at other sites
requested the device as first line treatment.

Discussion
To date, there is a paucity of animal21 and human22
studies of wound closure rates with continuous topical
gaseous oxygen therapy, but there is evidence from those
that have been undertaken that it may be a promising
adjunct therapy in chronic refractory wounds. The phase
I study reported here describes the potential applicability
of continuous topical oxygen therapy for initiating
healing in chronic DFUs. Moreover, the absence of any
reported adverse effects related to the use of this particular
device confirms its safety. The compactness of the device,
convenient application and ease of use mean that
patients can remain mobile and be treated in the wider
community setting. This is an important practical
milestone for oxygen-based therapies which have
previously been difficult to universally administer due to
accessibility, patient inconvenience and high costs.
Concordance for patients with DFUs has been relatively

poor with many conventional therapies, such as total
contact casts, thus reducing their overall efficacy. High
concordance such as seen in this study, is likely to aide
the therapy in closing the wound.
An additional advantage of this therapy is the
continuous nature of the treatment it provides. A
typical regimen for systemic HBOT consists of a
maximum of two-hour sessions, five times a week,23
and for local hyperbaric oxygen therapy, three hours
twice per day.24 Studies have shown that TcPO2 remains
elevated for a few hours after treatment,10 but
nevertheless, this still comprises only a small fraction
of the 24-hour day, throughout which a topical
application can continuously provide oxygen therapy.25
Many DFUs remain refractory despite the use of
current best practice, multidisciplinary care pathways,
including pressure offloading, revascularisation, blood
glucose control, infection management and appropriate
debridement and dressings. The patients included in this
study were recruited from two tertiary centres in the UK
that provide such a service, yet their wounds were very
chronic with a median duration of 43 weeks, giving
them a poor prognosis and high likelihood of progressing
to amputation. The success achieved in this difficult-toheal group demonstrates promise for the use of
continuous topical oxygen therapy in tipping such
ulcers in to a pro-healing phase, even when currently
available treatment options have been exhausted.
The effectiveness of hyperbaric oxygen therapy has
been shown to be predicted by the TcPO2 of the
adjacent tissue that is achieved in response to
treatment.26 This study reinforces the therapeutic effect
of correcting wound hypoxia, but it can also be argued
that certain characteristics of the DFUs and the patients’
physiology reduce the systemic delivery of oxygen to
it. Inspired oxygen must overcome several barriers
before it is delivered to distal sites, including the wound
bed of a DFU, and these include factors related to
cardiopulmonary status and the macrovascular and
microvascular disease caused by diabetes. The delivery
of topically applied oxygen is independent of such
factors. It involves the diffusion of gaseous oxygen
down its concentration gradient and through to the
interstitial solution to the metabolically active cells.
Recent in vivo studies have shown that the penetration
of oxygen across the skin surface can occur to a depth
up to 700um.27 This validates the fundamental basis of
topical oxygen delivery. It also highlights the role of
local wound conditions in influencing the effectiveness
of topical oxygen therapy. For example, the presence of
slough on the wound surface may reduce oxygen
diffusion and therefore, the effectiveness of the therapy,
and this underlines the importance of thorough
debridement throughout the therapy cycle. Accordingly,
the protocol in this study mandated regular debridement
of the ulcer as per standard diabetic ulcer management,
and this is a key factor in optimising oxygen delivery.
By the same principle, reducing oedema by elevation of
the leg may also help reduce diffusion distance.
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The hypoxia of wounds may also be further
exacerbated by the choice of overlying dressings. Since
the study by Winter et al. in the 1960s, the focus of
wound dressings has shifted towards providing a moist
environment as this was deemed the most preferred
environment for wound healing.28 However, retaining
moisture within the dressings may also inadvertently
reduce the availability of atmospheric oxygen to the
wound bed.29 Such local dressing-induced hypoxia is
not desirable for wound healing but by providing
humidified oxygen directly to the wound surface, the
wounds can potentially be kept moist and sufficiently
oxygenated to optimise healing.30
An interesting fact that was noted in this early trial,
and has been anecdotally confirmed by other clinical
teams using this topical oxygen delivery system, is the
initial increase in the size of the wound. Six of the 10
wounds increased in size initially, with four of these
then reducing after a couple of weeks. It is well known
that neutrophils and macrophages are less active in
hypoxic environments, and that reversal of the hypoxia
leads to an increase in their debriding and scavenging
capabilities.9 Good clinical practice would dictate that
we regularly debride our wounds, although in reality
we may not all be as good at that as we think. Effectively
debrided wounds often heal well. It is possible that the
increase in oxygen tensions have led to neutrophils and
macrophages debriding the wound edges, and then
allowing it to heal.
Limiatations
Several limitations to the study are inherent in the
sample size, the absence of a control, and the low
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Reflective questions
● ● Describe the facets of wounds healing that are affected by

low oxygen levels?
● ● What proportion of the wounds I treat might have sub

optimal amounts of oxygen present?
● ● How would my patients manage using a topical oxygen

therapy device?
● ● In my practice, how could topical oxygen therapy affect

local expenditure on chronic wounds?
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