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Objectives

• Compare and contrast Hyperbaric Oxygen Therapy and 
Topically Applied Oxygen Therapy

• Review mechanism by which HBOT impacts healing
• Review indications for HBOT in treatment of DFU
• Position Topical Oxygen in treatment pathway



Comprehensive Wound Care

• A multi-disciplinary multi-modality approach to Diabetic Foot Ulcers
• using all appropriate available modalities

• to achieve healing in the shortest possible time

• at the lowest possible cost.

• Providing treatment in a caring and healing environment

Evidence-based best practice approach



Organized Approach to Wound Healing

• Adequate perfusion

• Non-viable tissue present

• Signs of infection

• Edema

• Microenvironment conducive to healing

• Tissue growth optimized

• Offloading pressure

• Host factors optimized (diabetes)

Diversified Clinical Services Clinical Practice Guidelines 2007  used with  permission



Wagner Classification

• Grade 0  Callus without Ulcer

• Grade 1  Superficial Ulcer without 

apparent infection

• Grade 2  Deep Ulcer without Abscess or Osteomyelitis

• Grade 3  Deep Ulcer with Abscess, Cellulitis,

and/or Osteomyelitis

• Grade 4  Partial Gangrene

• Grade 5  Gangrene of the entire Foot

Contemporary Diagnosis and Management of Diabetic Foot Infections 2006 pp. 128



Benefits of Hyperbaric Oxygen
• Physiologic Effects: These are systemic effects

• Improved leukocyte function and bacterial killing

• Antibiotic potentiation

• Enhanced collagen synthesis and cross-linking

• Pharmacological Effects: These are systemic effects
• Direct antimicrobial effects, toxin synthesis suppression

• Blunting of systemic inflammatory responses

• Prevention of leukocyte activation and adhesion

• PDGF-BB receptor stimulation (multiple effects)

• VEGF release and angiogenesis

• Detoxification (CO, CN, H2S)



Antibacterial Effects
Occurring while patient receiving HBO
▪ Improved leukocyte-bacterial-killing (adequate leukocyte count 

critical for benefit)
▪ Suppression of exotoxin production (may persist hours)
▪ Increased effectiveness of antibiotics

Beneficial Effects 

of Hyperbaric Oxygen Therapy in Treating Infection

O2

Aminoglycoside



HBOT and Antibiotics
• Antibiotic Synergy with HBOT

• Aminogycosides
• Clindamycin
• Penicillin
• Cephlosporins
• Sulfonamides
• Quinolones
• Rifampin

Verklin 1977, Harrell 1977, Keck 1980, Tack 1985, Adams 1987



HBOT and Ischemic Tissues

• Oxygen Gradient (thought to be 20mmHg) is the 
signal to initiate biochemical steps to angiogenesis

• Remains under the same regulatory control as in 
normal wound healing

• When perfusion develops to eliminate oxygen 
gradients, biochemical messenger response 
sequence shuts off

• Vascular architecture achieves 75-80% of normal 
tissue and persists for years

• This is consistent in theory in that the mechanism 
shuts off when the gradient dips below 20mmHg 
and not necessarily when it is zero



HBOT and Effects on PDGF 

Induction of PDGF receptors on cells in wound treated with HBO



Age associated differences in cellular Proliferation (in vitro)…
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Decreased cellular proliferation with diabetes… 



HBO Dramatically Increases Old Adult  Fibroblast Proliferation…

(Buras and Buras, Harvard Medical School, MGH, Boston)
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Stem Cell Mobilization by HBO

• HBO mobilizes stem/progenitor cell release from bone marrow 
through a nitric oxide dependent mechanism

• Population of CD34 cells in peripheral circulation doubled in 
response to single HBO treatment (2 ATA, 120 mins)

• Over course of 20 treatments circulating CD34 cells increased 8 
fold, total WBC count unchanged

Thom SR, et al. Stem cell mobilization by hyperbaric oxygen. Am J Physiol Heart Circ Physiol 2006; 290:H1378-H1386. 
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Cohort Study Compared TOT to HBOT Treated Wounds  
Retrospective Cohort Study compared DFUs treated during the same period with either TOT or HBOT  n=22     
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mass index (BMI), age, gender, ethnicity, hemoglobin 

A1c levels, flow dynamics (arterial and venous), and 

neuropathic status were documented. In conjunction 

with oxygen therapy, all included wounds were man-

aged with additional conservative measures, such as a 

surgical shoe to off-load the wound, and topical thera-

pies including an antimicrobial alginate dressing, silver 

sulfadiazine, calcium alginate dressings, or collagenase. 

Furthermore, wounds underwent excisional debride-

ment dur ing routine exams as needed. 

Results
Twenty-two patients were included in the current 

study, with 11 undergoing HBOT and 11 receiving TOT. 

Data is summar ized in Tables 1 and 2.

There were a total of 5 women and 17 men with an 

average age of 58.6 years (range, 44-78). Thirty-two per-

cent of all patients reported smoking. Patients had an 

average BMI of 28.57 and an average A1c of 8.9. Most 

were both neuropathic (68%) and reported having 

PVD (70%). Ulcers were present in the following loca-

tions: plantar (8), hallux (3), digits (4), dorsal (1), and 

amputation sites (6). 

Of the 11 patients treated with TOT, 4 were female 

and 7 were male with an average age of 55.2 (range, 

44-73). Twenty-seven percent were smokers. Patients 

had an average BMI of 29.23 and an average A1c was 8. 

More than 90% of the patients were neuropathic and 

more than half (54.5%) had PVD. The locations of the 

ulcers for this particular cohort included hallux (2), 

plantar (7), digit (1), and amputation site (1). 

Of the 11 patients treated with HBOT, 1 was female 

and 10 were males with an average age of 62 (range, 

52-78). Thirty-six percent of patients were smokers. Pa-

tients had an average BMI of 28.2 and an average A1c 

of 9.9. Forty-five percent were neuropathic and almost 

90% of those reported experienced PVD. A majority of 

patients in this cohort had amputations (7 of the 11) 

with the remainder of ulcers located on the hallux (1), 

plantar (2), and dorsal ulcer (1). 

The average number of days to closure and average 

wound volume was assessed. The data revealed an aver-

age wound volume for HBOT of 2.986 cm3 and aver-

age number of days to closure of 47.09. For TOT, the 

average wound volume was 0.268 cm3 and the average 

number of days to closure was 61.82. Despite larger 

wound volume in the HBOT cohort, these wounds 

KEYPOINTS

•   Twenty-two patients were included in the current 

study, with 11 undergoing hyperbaric oxygen therapy 

(HBOT) and 11 receiving topical oxygen therapy (TOT) 

(Tables 1 and 2).

•   The data revealed an average wound volume for HBOT 

of 2.986 cm3 and average number of days to closure 

of 47.09. 

•   For TOT, the average wound volume was 0.268 cm3 

and the average number of days to closure was 61.82.

Table 1. Topical oxygen therapy.

Size of wound 

(cm)
Location

Days to 

closure
Sex Age BMI Smoker Ethnicity A1c PVD

Neuro-

pathic

1 1.3 x 0.6 x 0.1 Left plantar submetatarsal 5 37 F 55 26 No Hispanic 6.4 Yes Yes

2 2.3 x 2.2 x 0.1 Left hallux 25 F 55 26 No Hispanic 6.4 Yes Yes

3 0.7 x 0.3 x 0.1 Left hallux 52 M 45 28.2 Yes Hispanic 7.6 No Yes

4 2 x 1.5 x 0.2 Right heel 154 M 64 26.8 No African- 

American

11.1 Yes Yes

5 0.4 x 0.5 x 0.2 Right fourth toe 132 M 73 31 No Hispanic 6.7 Yes Yes

6 3.5 x 0.7 x 0.2 Left heel 40 M 48 30 No Hispanic 9.2 Yes Yes

7 0.8 x 0.5 x 0.1 Left plantar submetatarsal 2 23 F 57 26.4 No Hispanic 9.9 No No

8 0.9 x 0.7 x 0.1 Left plantar foot 40 M 46 21.7 Yes Hispanic 10.1 Yes Yes

9 1.5 x 3 x 0.2 Left medial foot 47 M 44 51.5 Yes Hispanic 7.5 No Yes

10 2.6 x 0.6 x 0.1 s/p Left TMA* 70 M 62 24.7 No Hispanic 6.3 No Yes

11 0.5 x 0.5 x 0.2 Left Plantar ulcer s/p TMA* 60 F 59 NA No Hispanic 6.8 No Yes

*TMA = transmetatarsal amputation
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healed more quickly. Rate of closure 

in the HBOT cohort was 0.063 cm3/

day compared with the TOT cohort 

closure rate of 0.004 cm3/day as 

seen in Figure 1. The distribution of 

rates of closure for each patient can 

be visualized in Figure 2. 

Discussion 
This study represents preliminary 

data and, to the author’s knowledge, 

is the first of its kind to compare the 

rate of closure of TOT vs HBOT. The 

results may suggest that wounds 

in patients treated with HBOT are 

more likely to heal in a shorter dura-

tion of time than wounds in patients 

receiving TOT, considering the rate 

of closure for HBOT was 0.063 cm3/

day and for TOT was 0.004 cm3/day 

in the current study (Figure 1). The 

average number of days for closure 

utilizing HBOT was 47.09 and the 

average number of days of closure 

for TOT was 61.28. Furthermore, the 

Table 2.Hyperbaric oxygen therapy.

Size of wound 

(cm)
Location

Days to 

closure
Sex Age BMI Smoker Ethnicity A1c PVD

Neuro-

pathic

1 1 x 0.9 x 0.5 s/p amp right second digit at 

the PIPJ*

102 M 54 27 No Hispanic 8.1 Yes No

2 0.2 x 0.2 x 0.3 Right hallux 15 F 73 26 No Hispanic 8.9 Yes No

3 3 x 0.5 x 1.5 Left plantar foot 23 M 70 23 Yes Caucasian 7.8 Yes Yes

4 0.5 x 0.3 x 0.8 s/p amputation left third 

digit at MPJ**

23 M 61 35 No African- 

American

6 Yes Yes

5 5 x 1.8 x 2.5 s/p amputation right fourth 

digit at MPJ**

65 M 67 26 No Hispanic 8.7 Yes Yes

6 4.5 x 1.7 x 0.8 s/p amputation right third 

digit at MPJ**

81 M 67 26 No Hispanic 8.7 Yes Yes

7 2.8 x 0.8 x 0.3 Left dorsal foot 27 M 52 35 No Caucasian 14.4 N/A No

8 1.3 x 0.6 x 0.5 s/p amputation left second digit 

distal and middle phalanx
48 M 52 35 No Caucasian 14.4 N/A No

9 3 x 0.1 x 0.1 s/p amputation left third digit at MPJ** 22 M 64 24 Yes Hispanic 12.9 Yes Yes

10 0.4 x 0.4 x 0.2 Left plantar medial 58 M 44 26.4 Yes Hispanic 10.1 No No

11 3 x 0.3 x 0.3 s/p amputation left third digit at MPJ** 54 M 78 26.4 Yes Hispanic 8.8 Yes No

*PIPJ = proximal interphalangeal joint; **MPJ = metatarsal phalangeal joint

Figure 1. Average rate of wound closure for topical oxygen therapy (TOT) and 

hyperbaric oxygen therapy (HBOT). The rate of closure for HBOT is 0.063 

cm3/day and TOT is 0.004 cm 3/day.
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Wounds in the Topical Oxygen Group were superficial

Winfeld B, Topical Oxygen and Hyperbaric Oxygen Therapy Use and Healing Rates in Diabetic Foot Ulcers WOUNDS 2014;26(5):E39-E47
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• 73 patients randomized  

• 53 patients UTC Grade 1,     20 patients UTC Grade 2

• Healed ulcers:    Treatment     15 patients (41%).     P = 0.010

Sham                5 patients  (13.5%)

• Wound Reduction: Treatment      1.97 (2.75) cm2 P = 0.041

Sham             0.40 (1.75) cm2

Fryberg, et al:   2020

Frykberg RG, Franks, PR, et al; A Multinational, Multicenter, Randomized, Double-Blinded, Placebo-Controlled Trial to Evaluate the Efficacy of Cyclical Topical Wound Oxygen 
(TWO2) Therapy in the Treatment of Chronic Diabetic Foot Ulcers: The TWO2 Study. Diabetes Care 1 March 2020; 43 (3): 616–624. https://doi.org/10.2337/dc19-0476

https://doi.org/10.2337/dc19-0476


• 145 Wagner Grade 1 or Grade 2 ulcers randomized to SOC or SOC 
plus TOT

• Healing Rate:  SOC.  28% healing at 12 weeks.  TOT 44.4%. 
(p=0.044)

• Wound Area reduction:   SOC  40%     SOC plus TOT 70% (p=0.005)

Serena; et al; May 2021

Serena TE, Bullock NM, Cole W, Lantis J, Li L, Moore S, Patel K, Sabo M, Wahab N, Price P. Topical oxygen therapy in the treatment of diabetic foot ulcers: a multicentre, open, randomised controlled clinical trial. J Wound Care. 2021 
May 1;30(Sup5):S7-S14. doi: 10.12968/jowc.2021.30.Sup5.S7. PMID: 33979229.



• Growth factors significantly increased from 280% to 820% of base levels 
in the first week and decreased in subsequent weeks  

• Cytokines increased significantly (up to 680% compared to baseline 
levels) in the first two then decreased. 

• Significant increases in transcutaneous oxygen pressure measurement 
indicated increased oxygen perfusion in the wound periphery.

• This is evidence that the topical oxygen saturated the wound bed and 
diffused to surrounding tissues

Oropallo,A.R.;Serena,T.E.; Armstrong, D.G.; Niederauer, M.Q. Molecular Biomarkers of Oxygen Therapy in Patients with Diabetic Foot Ulcers. Biomolecules 2021, 11, 925. https://doi.org/10.3390/ 

Lavery, L.A.; Killeen, A.L.; Farrar, D.; Akgul, Y.; Crisologo, P.A.; Malone, M.; Davis, K.E. The effect of continuous diffusion of oxygen treatment on cytokines, perfusion, bacterial load, and healing in patients with diabetic foot ulcers. Int. Wound J. 2020, 17, 
1986–1995. 

Molecular Biomarkers of Oxygen Therapy in Patients with 
Diabetic Foot Ulcers 



• Healing is a synchrony of multiple critical factors in the process.

• O2 and its reactive species stimulate VEGF Expression

• Chronic hypoxia impairs VEGF and impairs wound healing and tissue 
dysfunction

• Supplemental Topical O2 sustains VEGF and angiogenesis and fibroblast 
differentiation

• Topical Oxygen has the potential of benefiting some wound types.

R.B. Fries et al. / Mutation Research 579 (2005) 172–181 

R.B. Fries et al.
2005  

Dermal excisional wound healing in pigs following 
treatment with topically applied pure oxygen



Wagner 2 vs Wagner 3



HBOT
• Effects have been studied as 

systemic circulating effects

• Therapy Delivered in a Clinic 
with Hyperbaric Chambers

• Intermittent Therapy for 
specified number of times

• Restricted indications and types 
of wounds.
• Diabetic foot wounds and 

radiation injury most common

• Local Effects

• Delivered at home or other 
outpatient setting

• Continuous therapy for number 
of days or weeks

• Wider indications as per type of 
wound and severity

TWO2


