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Topical oxygen therapy in the treatment
of diabetic foot ulcers: a multicentre,
open, randomised controlled clinical trial
Objectives: Perfusion and blood oxygen levels are frequently
insufficient in patients with hard-to-heal wounds due to poor
circulation, vascular disruption and vasoconstriction, reducing the
wound’s capacity to heal. This study aimed to investigate the effect
of topical oxygen on healing rates in patients with hard-to-heal
diabetic foot ulcers (DFUs) (i.e., non-responsive over four weeks).
Method: This multicentre, open-label, community-based randomised
clinical trial compared standard care (SOC) with or without continuous
topical oxygen therapy (TOT) for 12 weeks in patients with DFUs or
minor amputation wounds. SOC included debridement, offloading
with total contact casting (TCC) and appropriate moisture balance.
Primary endpoints were the number of patients to achieve complete
wound closure and percentage change in ulcer size. Secondary
endpoints were pain levels and adverse events.
Results: For the study, 145 patients were randomised with index

ulcers graded Infectious Diseases Society of America (IDSA) 1 or 2,
or Wagner 1 or 2. In the intention-to-treat analysis, 18/64 (28.1%)
patients healed in the SOC group at 12 weeks compared with 36/81
(44.4%) in the SOC plus TOT group (p=0.044). There was a
statistically significant reduction in wound area between the groups:
SOC group mean reduction: 40% (standard deviation (SD) 72.1);
SOC plus TOT group mean reduction: 70% (SD 45.5); per protocol
p=0.005). There were no significant differences in changes to pain
levels or adverse events.
Conclusion: This study suggests that the addition of TOT to SOC
facilitates wound closure in patients with hard-to-heal DFUs.
Declaration of interest: Inotec AMD Ltd., UK funded SerenaGroup
to design, conduct and monitor the study. Inotec AMD Ltd. acted as
the study sponsor. The authors have no other conflicts of interest
to declare.
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ecent literature recognises the increased
numbers of patients presenting with
complications associated with diabetes,
such that diabetic foot disease is now
considered the tenth leading cause of global
disease burden and disability.1 Many of these wounds
are complex hard-to-heal wounds that take extended
periods of time to heal despite specialist care in
multidisciplinary settings, and the management of such
wounds presents clinicians with a challenge from both
the clinical and cost-effectiveness perspectives.2 In this
context, it is understandable that clinicians are looking
for innovations in wound healing to support their
patients, particularly those with hard-to-heal wounds.
Due to its key role in facilitating all stages of the
wound healing process, from haemostasis through to
re-epithelialisation, the use of oxygen in wound healing
is not new, and can be traced back to the 1960s, with
early work focusing on the role of hyperbaric oxygen.3
It is only recently that there have been enough studies
in the field of topical oxygen therapy (TOT) that a
systematic review of the evidence could be undertaken.
A systematic review, focusing on diabetic foot ulcers
(DFUs), included five studies (with a total of 80 patients)
of which only two were randomised clinical trials.4 The
authors of the review concluded that TOT facilitates
wound healing, particularly in less serious ulcers.
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As Vas and Pananas5 highlighted in their editorial, the
scope of this review excluded some other relevant
studies. Driver et al.,6 in a study of 130 patients, found
no difference in the healing rates for patients receiving
standard care (SOC) with or without TOT, while two
studies have shown positive results in favour of TOT.
Niederauer et al.,7 in a study of 146 patients,
demonstrated a two-fold improved rate of healing at
12 weeks when using continuously diffused TOT.
Frykberg et al.8 concluded that multimodal TOT applied
with pressure, varied cyclically, can lead to even higher
healing rates.
Innovators have also investigated ways of allowing
patients to be ambulatory and receive continuous
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Method
This was a multicentre, open-label, randomised clinical
trial conducted in 19 outpatient centres, geographically
spread across the US. The primary objective of the study
was to investigate the healing rates of hard-to-heal
DFUs, which had been unresponsive to treatment for
four weeks, when treated with TOT and SOC, compared
with SOC alone. The study was performed in accordance
with US and international standards of Good Clinical
Practice, the Declaration of Helsinki, and was approved
by appropriate ethics committees (Western Institutional
Review Board (WIRB) No: 20191085) and registered at
Clinicaltrials.gov (NCT03905863). All patients provided
written informed consent and were reimbursed
$100 USD per visit for transportation costs.
Patient inclusion criteria
● Adult patients (≥18 years) with at least half of patients
≥65 years
● At least one DFU or minor amputation, classified by
the Infectious Disease Society of America (IDSA)12 as
grade 1 or 2, or Wagner 1 or 2, with a duration >4
weeks but <12 months (by patient report or
documented in the medical records) and of a size
between 0.5cm2 and 25cm2 (if a patient had more than
one active ulcer that fitted the inclusion criteria, then
the largest ulcer was identified as the ‘index’ ulcer)
● Clinical documentation to demonstrate <40% healing
in the four weeks before the first treatment visit
● Adequate circulation to the foot, defined as a dorsum
transcutaneous oxygen measurement (TCOM) or a
skin perfusion pressure (SPP) measurement of
≥30mmHg, an ankle–brachial index (ABI) between 0.7
and 1.3, or a toe–brachial index (TBI) of >0.6 within
the three months before the first screening visit
● Target ulcers had to be adequately offloaded with a
total contact cast (TCC) (unless an exemption was
requested, in which case a fixed ankle walker) for
14 days before randomisation.
Patient exclusion criteria
Inability to manage the topical oxygen device
● Wounds that were completely covered in necrotic
tissue
●
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Uncontrolled medical disorders such as serious
cardiovascular, renal, liver or pulmonary disease,
lupus, palliative care or sickle cell anaemia
Patients with HbA1c>12.0% (108 mmol/mol)
Pregnancy
Child-bearing potential without appropriate
contraception
Lactation
Participation in another study
Life expectancy of less than one year
Treatment of the wound with engineered tissue or
other scaffold materials within 30 days preceding the
first treatment visit
Visible signs of improvement in the four weeks before
randomisation (defined objectively as a 40%
reduction in surface area in the four weeks before
enrolment)
Ulcer healing by >20% in the two weeks before
screening (known as the ‘historical’ run-in period)
Patients with a history of >2 weeks’ treatment with
immunosuppressants
(including
systemic
corticosteroids >10mg daily dose), cytotoxic
chemotherapy or application of topical steroids to
the ulcer surface within one month before the first
screening visit, or who received such medications
during the screening period
Patients where the clinician anticipated that there
would be a requirement for such medications or
hyperbaric oxygen during the course of the study.

Intervention
Participants were allocated to receive either SOC or SOC
plus TOT for a 12-week intervention period.
SOC was defined to include: wound cleansing with
sterile water or saline solution, and gentle irrigation of
the study ulcer with warm tap water; sharp debridement
using a standardised protocol based on TIME principles
for wound bed preparation;13 offloading with a TCC
twice in the first week and weekly thereafter (all
exceptions had to be agreed by the lead investigator; a
fixed ankle walker boot or similar device was acceptable
as an alternative, but shoe inserts were not deemed to
provide sufficient offloading); moisture balance was
provided using a hydrofibre or alginate dressing. In
addition, patients were instructed on adherence to the
protocol and given instructions to call their clinic if
they suspected any signs of an infection.
Those subjects allocated to the SOC plus TOT group
were treated using the same protocol as SOC only but
were also provided with a Natrox Oxygen Wound
Therapy System, consisting of two elements: the Natrox
Oxygen Generator and the Natrox Oxygen Delivery
System (Inotec AMD Ltd., US) (Fig 1). The oxygen
generator is a multiuse battery-powered device which
generates oxygen through water electrolysis and
delivers a pure oxygen flow rate of 15ml/hour. The
oxygen delivery system is a sterile, single-use device
which has a web-like design that allows wound exudate
to pass through to the secondary dressing while
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24/7 treatment with a TOT device in situ. A recent
pragmatic review of its use in a clinical setting on
100 patients,9 concluded that 57% of DFUs and 47% of
venous leg ulcers (VLUs), previously defined as hard-toheal (mean duration >15 months), went on to heal. Two
small studies have investigated the use of this particular
technique in patients with DFUs (n=20 in a comparative
study;10 n=10 in a prospective review11) and concluded
that the device was extremely promising but called for
further larger scale trials to be undertaken. Consequently,
the present study was designed to investigate the effect
of continuous TOT on healing rates in patients with
hard-to-heal ulcers (non-responsive to standard
treatment over four weeks) in combination with SOC.

research
allowing the diffusion of oxygen across the wound bed.
It connects directly to the oxygen generator via a thin,
flexible fine-bore tube. While the oxygen delivery
device can remain in situ for seven days, it should be
changed at each dressing change, based on exudate
level or clinical judgement. This is a battery-operated
system with a 30-hour battery life; the kit includes two
interchangeable, rechargeable batteries. Each participant
was advised to charge one battery while the other was
in use, as the battery required changing daily. The
oxygen generator is worn in a holster that is fashioned
around the leg, enabling patients to ambulate.
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Randomisation and sample size
A computer-generated randomisation list was used to
randomise patients across all sites in a 1:1 ratio; an
envelope system was used to allocate to groups based
on the next available envelope in the sequence. Based
on performance in previous trials with a similar
intervention period, an anticipated dropout rate of 10%
was built into the recruitment plan. For an anticipated
healing rate of 30% in the SOC and a 55% healing rate
in the SOC plus TOT group, with 80% power, alpha set
at 0.05 and a dichotomous endpoint (healed versus not
healed), 60 subjects were required in each group—
giving a target of 120 evaluable subjects. Consequently,
the study aimed to recruit 132 subjects in order to
achieve 120 evaluable subjects at the end of the study;
withdrawal rates were closely monitored to allow for
additional recruitment to ensure a balanced number of
participants across the groups.
Study procedure
Participants initially underwent screening whereby
historic documentation was investigated to confirm the
rate of healing in the previous two weeks; if all other
inclusion criteria were met and the patient had a
healing rate of <20% reduction in wound size, following
written consent, the patients could enter the two-week
run-in period, whereby all patients were allocated to the
SOC protocol. At the baseline visit, if all inclusion and
exclusion criteria were still applicable and the wound
had not reduced in size by >20%, the patient was
randomised and baseline data were collected, including
assessment of infection status, and wound pain
intensity using a 0–10 anchored analogue scale (where
0=no pain and 10=worst possible pain).
Patients were asked to attend clinic on a weekly basis
(±3 days) for up to 12 weeks, when wounds were
reassessed and photographed, and a record was kept of
any additional wounds that had developed. Adverse
events were recorded and reported in line with
standardised procedures. If an infection developed after
randomisation and allocation to treatment, then the
infection was recorded as an adverse event with the site
investigator providing treatment with topical
antimicrobials and/or oral antibiotics: patients were
allowed to remain in the study unless an alternative
treatment was deemed clinically necessary.

Fig 1. Topical oxygen wound therapy system and components

Patients were recruited from the beginning of June
2019 to the end of June 2020. During the recruitment
period, the COVID-19 pandemic was declared by the
World Health Organization. Following a short
interruption to the study, those patients screened and
recruited from April 2020 were reviewed in clinical
settings with additional COVID-19 safety measures in
place to ensure full compliance with state and federal
requirements.
Study endpoints, data monitoring
and statistical analysis
The primary endpoints were the number of wounds
that achieved complete wound closure during the
12-week study and the percentage change in ulcer size
at 12 weeks from baseline wound area measurement.
Photographic wound evaluation and measurements
were conducted using an AI-driven computerised
planimetry imaging system (Tissue Analytics, Inc.,
US).14 This system obtained both two-dimensional (2D)
and three-dimensional (3D) assessments of the wound
Table 1. Baseline characteristics of participants
Baseline characteristic

SOC
(n=64)

SOC plus TOT
(n=81)

62.69±12.56
34, 91

64.20±14.15
33, 93

11
53
0

26
54
1

11
51
2

11
68
2

Age at inclusion, years
Mean±SD
Minimum, maximum
Sex
Female
Male
Not declared
Currently use tobacco
Yes
No
Not declared

Diabetes duration, years, (SOC n=60; SOC plus TOT n=76)
Mean±SD
Minimum, maximum

18.33±11.35
3, 62

18.35±13.53
1, 55

31.0±7.79
19, 51

30.8±6.83
16, 54

Body mass index, kg/m2*
Mean±SD
Minimum, maximum

SD—standard deviation; SOC—standard care; TOT—topical oxygen therapy; *5 patients missing
data in each group
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Fig 2. CONSORT flow diagram; SOC—standard care; TOT—topical oxygen therapy

Assessed for eligibility (n=224)

Excluded (n=29)
• Not meeting inclusion criteria (n=28)
• Withdrew consent (n=1)

Enrolment

Visit 1 (n=195)

Excluded (n=50)
• Wound reduced by >20% (n=34)
• Did not meet inclusion criteria (n=16)

Randomised (n=145)

• Healed (n=18)
• Not healed (n=41)
• Withdrawn before evaluable (n=5)

•
•
•
•
•
•
•
•
•

Allocation

Outcome

• Healed (n=36)
• Not healed (n=33)
• Withdrawn before evaluable (n=12)

Withdrawn before evaluable (n=12)
• Adverse event (n=4)
• Withdrew consent (n=2)
• Protocol violation (missed
appointments) (n=2)
• Died (n=1)
• Clinical advice (n=3)

Withdrawn before evaluable (n=5)
Adverse event (n=2)
Lost to follow-up (n=1)
Withdrew consent (n=2)

Withdrawn after 8 weeks (n=7)
Adverse event (n=3)
Stroke (n=1)
Protocol violation (missed
appointments) (n=2)
• Withdrew consent (n=1)

Withdrawn after 8 weeks (n=3)
• Adverse event (n=1)
• Died (n=1)
• Clinical advice (n=1)

at each visit through a standardised mobile device; in
addition, the lead investigator reviewed all digital
images. Secondary endpoints included the changes in
pain level associated with the wound, using a visual
analogue scale (VAS), the average percentage rate of
wound closure and the number of adverse events.
Patients were withdrawn from the study if they
withdrew consent, if they were deemed to have been
non-adherent to the protocol (agreed on a case-by-case
basis with the lead investigator) or if they clinically
required a different treatment regimen. Patients who
THIS ARTICLE IS REPRINTED FROM JOURNAL OF WOUND CARE

Allocated to SOC plus TOT (n=81)

completed eight or more of the weekly assessments
were deemed evaluable. Any patient who did not heal
or was withdrawn during the study was provided SOC
as an ongoing treatment regimen, unless they clinically
required a different regimen.
Data and statistical analysis
Data were recorded on a digital, online clinical report
form that allowed records to be completed and verified
on a weekly basis by the lead investigator, as the study
progressed. The data were analysed independently and
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Allocated to SOC (n=64)

research
blinded to allocation to group. Statistical analysis was
completed using both an intention-to-treat (ITT) and
per protocol (PP) models. Categorical variables were
analysed using contingency tables (Chi-square) and
continuous variables were analysed using either an
independent t-test or Mann–Whitney, depending on
whether or not they met the criteria for parametric
analysis. Statistical analysis was completed using IBM
SPSS statistics for Macintosh, Version 25 (IBM Corp, US)
with a two-sided p-value of <0.05 considered
statistically significant.
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Results
The study initially screened 224 patients for inclusion.
This resulted in 195 patients going forward to Visit 1,
when 145 patients were randomised to SOC (n=64) or
SOC plus TOT (n=81) (Fig 2). More patients were
recruited than originally planned in order to ensure
that at least 120 patients were evaluable, as permitted
in the protocol.
The two groups had similar demographic
characteristics at baseline (Table 1), with 79 (54.5%) of
all patients >65 years of age. There was a slightly larger
mean ulcer area for those in the SOC group, but this was
not statistically significant (Table 2). The mean ulcer
duration was similar in both groups at around 24 weeks
(lower extremity data are only given for the index ulcers
in Table 2), with the majority of patients presenting
with ulcers graded as IDSA 1 or 2, or Wagner 1 or 2,
located in the plantar, dorsal or heel areas. Previous
amputation had been experienced by 66 patients, with
a slightly higher proportion in the SOC plus TOT group.
All of the 145 patients who were randomised were
included in the ITT analysis while the 128 patients who
completed eight or more treatment visits were
considered evaluable for the PP analysis. Early treatment
termination (i.e., before eight treatment sessions; n=17)
was due to: withdrawal of consent/unwillingness to
adhere to the protocol (n=4); an adverse event (n=6);
death not related to the study (n=1); loss-to follow-up
(n=1); protocol violations (n=2); and on clinical advice
(n=3). There were five withdrawals in the SOC group
compared with 12 in the SOC plus TOT group (not
statistically significant) before eight weeks. Between
week eight and the end of the intervention period, a
further 10 patients were withdrawn (SOC: 7; SOC plus
TOT: 3); this was due to: withdrawal of consent (n=1);
an adverse event (n=4); death not related to the study
(n=1); clinical advice (n=1); stroke (n=1); protocol
violations (extended hospital stay/missed too many
treatments; n=2). Over the 12-week period, 27 patients
were withdrawn from the study (SOC:12; SOC
plus TOT: 15).
In the ITT analysis, complete healing of the index
ulcer was achieved by 18 (28.1%) patients in the SOC
group at 12 weeks compared with 36 (44.4%) in the
SOC plus TOT group (p=0.044). In the PP analysis,
complete healing in the SOC group at 12 weeks was
achieved by 30.5% at 12 weeks, compared with 52.2%

Table 2. Ulcer characteristics at randomisation
SOC
(n=64)

SOC plus TOT
(n=81)

3.47±4.12
0.5, 21.93

2.86±2.93
0.5, 16.33

Baseline area, cm2
Mean±SD
Minimum, maximum

Number of previous ulcers (data missing, n=1 SOC)
Mean±SD
Minimum, maximum

2.32±3.15
0, 18

1.88±1.63
0, 7

1
12
9
1
5
25
11

2
16
9
2
6
34
12

Ulcer location, n
Ankle
Dorsal
Heel
HIndfoot
Midfoot
Plantar
Toes

Ulcer laterality, n (data missing, n=1 SOC)
Left
Right

29
34

43
38

13
17
20
2
12

21
21
25
12
14

23.77±17.85
4, 114

24.46±22.62
4, 112

25
38
1

41
39
1

Diabetic foor ulcer (DFU) position, n
Anterior
Lateral
Medial
Posterior
Not recorded
Duration of ulcer, weeks
Mean±SD
Minimum, maximum
History of previous amputation, n
Yes
No
Not recorded

History of DFU recurrence at study ulcer, n (data missing, n=1 SOC)
Yes
No

20
43

18
63

Infectious Diseases Society of America grade, n (data missing, n=1 SOC)
1
2
3

49
14
0

69
11
1

48
14
1
1

58
22
0
1

3
27
16
15
2
1

8
22
24
18
8
1

1
3
26
30
3
1

1
7
34
31
7
1

Wagner grade, n
1
2
3
Not recorded
Exudate volume, n
Heavy/copious
Moderate
Light/small
Minimal
No exudate
Not recorded
Exudate type, n
Purulent
Sanguineous
Serosanguineous
Serous
None
Not recorded

SD—standard deviation; SOC—standard care; TOT—topical oxygen therapy

THIS ARTICLE IS REPRINTED FROM JOURNAL OF WOUND CARE

NORTH AMERICAN SUPPLEMENT

V O L 3 0 , N O 5 , M AY 2 0 2 1

research

Outcomes ITT

SOC (n=64)
n (%)

SOC plus TOT
(n=81) n (%)

Total (n=145)
n (%)

18 (28.1)
46 (71.9)

36 (44.4)
45 (55.6)

54 (37.2)
91 (62.6)

All participants
Healed
Not healed

ITT (n=145) chi squared=4.074, df=1, p=0.044, Cramer’s V=0.168
Outcomes PP

SOC (n=59)
N (%)

SOC PLUS TOT
(n=69) N (%)

Total = 128
N (%)

18 (30.5)
41 (69.5)

36 (52.2)
33 (47.8)

54 (42.2)
74 (57.8)

Evaluable participants
Healed
Not Healed

Per protocol (n=128) chi squared=6.12, df=1, p=0.013, Cramer’s V=0.219
ITT—intention to treat; PP—per protocol; SOC—standard care; TOT—topical oxygen therapy

Table 4. Percentage reduction in ulcer area (cm2)*
All patients (ITT)

SOC
(n=64)

SOC plus TOT
(n=81)

Mean±SD

41.05±69.82

46.38±100.24

Minimum, maximum

–160.38, 100

–487.52, 100

t=–0.362, df=143, p=0.718, mean difference=–5.33; CI=–34.37; 23.81
Per protocol

SOC
(n=59)

SOC plus TOT
(n=69)

Mean±SD

40.44±72.1

70.18±45.5

Minimum, maximum

–160.38, 100

–119.3, 100

t=–2.83, df=126, p=0.005, mean difference=–29.74; CI =–50.54; –8.96
*A reduction of 100% means that the wound healed; a positive value means that the wound was
decreasing in size, all minus values indicate an increase in size; CI–confidence interval;
ITT—intention to treat; SD–standard deviation; SOC—standard care; TOT—topical oxygen therapy

Table 5. Pain assessments
All patients (ITT)

SOC
(n=64*)

SOC plus TOT
(n=81†)

Baseline

Final visit

Baseline

Final visit

Mean±SD

2.02±2.57

0.68±1.43

1.81±2.53

0.95±1.9

Minimum, maximum

0, 10

0, 6

0, 10

0, 10

t=1.09, df=140, p=0.278
SOC plus TOT
(n=68§)

Per protocol

SOC
(n=58‡)

Mean±SD

1.98±2.51

0.72±1.47

1.85±2.51

0.62±1.27

Minimum, maximum

0, 10

0, 6

0, 10

0,6

t=0.056, df=124, p=0.956
ITT—intention to treat; SD–standard deviation; SOC—standard care; TOT—topical oxygen therapy;
*2 missing at final visit; †1 missing at final visit; ‡1 missing at final visit; §1 missing at final visit

in the SOC plus TOT group (p=0.013) (Table 3).
Percentage change in ulcer area was calculated on the
basis of area change from the start of the study to the
final recorded value (Table 4). Any healed ulcer was
recorded as having achieved 100% reduction in area;
positive values indicate a reduction in size over the
12-week period, while negative values indicate that the
ulcer increased in size. For the ITT analysis, there was
no statistical difference in the change in area size. For
the PP analysis, there was a statistically significant
difference (p<0.005) between the groups, with those in
THIS ARTICLE IS REPRINTED FROM JOURNAL OF WOUND CARE

the SOC group achieving a mean reduction of 40%
(standard deviation (SD): 72.1) compared with a
reduction of 70.1% (SD: 45.5) for those patients in the
SOC plus TOT group (p=0.005).
VAS scores were taken weekly. The majority of patients
reported no pain, resulting in low mean values at the
baseline visit, although a small number of patients
reported pain levels towards the higher end of the scale
(Table 5). A similar pattern was observed at the final
visit; there were no statistical differences between the
groups using either the ITT or PP analysis.
Adverse reactions were recorded and reported
throughout the study as they occurred (Table 6). In
total, there were 32 events reported for the SOC group
involving 17 patients (range: 1–4), and 41 events for
those in the SOC plus TOT group over 20 patients
(range: 1–6). The majority of these were mild or
moderate, unrelated to any products used, with the
patients remaining in the study. One patient died
following an adverse event, but this was not related to
the study (one further patient died without a woundrelated adverse event). Six patients were discontinued
in the trial as a result of an adverse reaction (SOC: 2;
SOC plus TOT: 4) within the first eight weeks of the
study, with one patient from the SOC plus TOT group
and three from the SOC group withdrawn between
weeks 9 and 12. Eight patients had an interruption to
their time in the study following an adverse event but
returned once the issue was resolved.

Discussion
Millions of people across the globe with DFUs face the
possibility of lower extremity amputation and death.15
Despite advances in therapy, fewer than half of DFUs
close in 12 weeks.16 Recent clinical trials have
demonstrated the efficacy of TOT in promoting the
healing of DFUs.7,8 The results presented here
corroborate the findings from these earlier studies: the
addition of TOT to SOC increased the number of DFUs
healed at 12 weeks. Although the overall trial designs
are similar, this study had several features that further
strengthen the evidence for TOT.
The patients had four weeks of documented
nonhealing. The investigators compared the wound
measurements at screening to measurements from two
weeks before. Patients who had healed by 20% or more
during that time were not candidates for the trial.
Patients still meeting the inclusion criteria entered two
weeks of aggressive SOC: sharp debridement, reduction
of bacterial burden and total contact casting. Patients
who healed by 20% or more during the two‑week run-in
period were excluded. As a result, patients who were not
candidates for advanced wound care were eliminated
from the study. This trial design is consistent with
Medicare’s coverage policies requiring 30 days of wound
care before prescribing advanced modalities, and the
inclusion of total contact casting exceeds Medicare’s
requirements. In addition, 54.5% of the patients enrolled
were Medicare beneficiaries: 65 years old or older. In
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Table 3. Complete healing outcomes

research
other words, the patients in this trial mirror the real-life
wound care population who will benefit from TOT.
Total contact casting (TCC) is the gold standard for
offloading the diabetic foot. It reduces pressure on the
plantar foot, decreases patient activity levels and forces
adherence with offloading.17 Despite its advantages,
clinical trials rarely use TCCs. The reasons cited vary
from the cost of casting to the additional time required
to apply and remove a TCC. However, the use of
alternative offloading techniques, such as fixed ankle
walkers, introduce heterogeneity and potential bias into
the trial. This study mandated the use of TCC for
plantar ulcers, reducing variability in treatment. The
statistically significant difference in healing between
SOC and SOC plus TOT is attributable to the addition
of topical oxygen.
Topical oxygen may promote DFU healing by several
mechanisms: an antimicrobial effect, 18 increasing
cellular energy production, 19 promotion of
re-epithelialisation,20 stimulation of angiogenesis21 and
enhancement of collagen synthesis.22 Topical oxygen
increases the oxygen tension in the DFU. As a result,
leukocytes that depend on oxygen content to generate
superoxide species kill bacteria more efficiently.18 The
cells in the ulcer increase production of the
energy‑carrying molecule adenosine triphosphate (ATP)
in response to the elevated oxygen levels. 19
Re-epithelialisation, angiogenesis and collagen
synthesis are also stimulated by the additional
oxygen.20–22
Limitations of the study
The study had a high withdrawal rate (18.6%). The
multiple comorbidities in patients with diabetes
account for a portion of the results. In addition, the
latter half of the trial was conducted during the early
phases of the coronavirus pandemic, which further
contributed to the withdrawal rate. Not surprisingly,
patients who did not receive a full course of TOT (for
example, patients who withdrew early) did not heal as
well as those who completed the study. The lack of
blinding may also have added bias to the clinical trial.
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