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ABSTRACT

Uncontrolled  diabetes results in inadequate
oxygenation of the wound bed. HBOT has been
recently used to improve oxygen supply to ulcers for
better healing. This study aimed to determine the
effect of using HBOT on the healing of diabetic foot
using RCTs from 2011-2025. Cochrane and PubMed
databases were used. MeSH terms are: 1. (“diabetic
foot” or “DM foot” or “wound”) AND (“HBOT” or
“debridement”) and 2. (“amputation” or ‘“healing”)
AND (“HBOT” or “debridement”). Two independent
researchers filtered the studies. All relevant titles were
selected and full text were analyzed based on relevant
outcomes. The selected studies were evaluated for risk
of bias and certainty assessment.

Of 229 studies, 7 studies were included. Study
characteristics were summarized. RoB2 was used,
revealing an overall risk of bias of low risk. No
significant heterogeneity between studies was
detected. HBOT showed no significant effect on
ulcer healing compared to standard care group. A
subgroup was created on studies which included
minor and major amputation as an outcome. This
revealed no significant effect in the amputation rate

between standard care group and HBOT group. On
average, 10.3 patients would have to undergo the
HBOT regimen for one additional patient to have
ulcer healing. For ulcer healing, evidence from seven
randomized trials enrolling 392 participants suggests
that HBOT may increase the likelihood of diabetic
foot ulcer healing compared with standard care. This
corresponds to 93 more healed ulcers per 1,000
patients treated with HBOT. For major and minor
amputation, evidence from seven randomized trials
enrolling 291 participants suggests that HBOT
decreases the likelihood of diabetic foot amputation
compared with standard care. This corresponds to 20
fewer amputations per 1,000 patients treated with
HBOT.

This is the first systematic review and meta-analysis
on HBOT and ulcer healing which excluded
relatively old studies. Included are 7 RCTs published
from 2011 to 2025. The overall HBOT eftect may be
uncertain but with a trend towards benefit in ulcer
healing and decreasing amputation rates of DM foot
patients. Careful patient selection is essential to
avoid further harm to DM foot patients who may
benefit more with amputation than HBOT.
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Figure 1. PRISMA (Preferred Reporting
Items for Systematic Reviews and
Meta-analyses) flowchart
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Figure 2. Risk of bias assessment: author’s
judgment on the risk of bias domains for each
RCT

Figure 3. Summary of risk of bias for all
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Figure 4. Forest plot comparing SC treatment
and HBOT regimen on ulcer healing
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Figure 5. Funnel plot for assessment of
potential publication bias
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Figure 6. Forest plot comparing SC treatment
and HBOT regimen on amputation



REFERENCES

[1] International Diabetes Federation. IDF
Diabetes Atlas 11™ edition. 2025. Retrieved
from

https://diabetesatlas.org/resources/idf-diabetes-a
tlas-2025/

[2] Zhang, P., Lu, J., Jing, Y., Tang, S., Zhu, D.,
& Bi, Y. (2017). Global epidemiology of
diabetic foot ulceration: a systematic review and
meta-analysist. Annals of Medicine, 49(2),
106-116.

https://doi.org/10.1080/07853890.2016.1231932

[3] Boulton Al, Vileikyte L,
Ragnarson-Tennvall G,Apelqvist J. The global

burden of diabetic foot disease.Lancet.
2005;366:1719-24.

(4] Fekete JT, Gyorfty B:
MetaAnalysisOnline.com: an Online Tool for
the Rapid Meta-Analysis of Clinical and
Epidemiological Studies. J Med Internet Res,
2025

[5] McGuinness, LA, Higgins, JPT. Risk-of-bias
VISualization (RobVis): An R package and
Shiny web app for visualizing risk-of-bias
assessments. Res Syn Meth. 2020; 1- 7.
https://doi.org/10.1002/jrsm.1411

[6] Sterne JAC, Savovi¢ J, Page MJ, Elbers RG,
Blencowe NS, Boutron I, Cates CJ, Cheng H-Y,
Corbett MS, Eldridge SM, Hernan MA,
Hopewell S, Hrobjartsson A, Junqueira DR,
Jini P, Kirkham JJ, Lasserson T, Li T,
McAleenan A, Reeves BC, Shepperd S, Shrier I,
Stewart LA, Tilling K, White IR, Whiting PF,
Higgins JPT. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ 2019;
366: 14898.

[7] Perren S, Gatt A, Papanas N, Formosa C.
Hyperbaric Oxygen Therapy in Ischaemic Foot
Ulcers in Type 2 Diabetes: A Clinical Trial.
Open Cardiovasc Med J. 2018 Aug 31;12:80-85.
doi: 10.2174/1874192401812010080. PMID:
30258500; PMCID: PMC6131315.

[8] Khandelwal S, Chaudhary P, Poddar DD,
Saxena N, Singh RA, Biswal UC. Comparative
Study of Different Treatment Options of Grade
IIT and IV Diabetic Foot Ulcers to Reduce the
Incidence of Amputations. Clin Pract. 2013 Feb
21;3(1):¢9. doi: 10.4081/cp.2013.¢9. PMID:
24765502; PMCID: PMC3981236.

[9] Chen CY, Wu RW, Hsu MC, Hsieh CJ, Chou
MC. Adjunctive Hyperbaric Oxygen Therapy
for Healing of Chronic Diabetic Foot Ulcers: A
Randomized Controlled Trial. J] Wound Ostomy
Continence Nurs. 2017 Nov/Dec;44(6):536-545.
doi: 10.1097/WON.0000000000000374. PMID:
28968346.

[10] Fedorko L, Bowen IJM, Jones W,
Oreopoulos G, Goeree R, Hopkins RB, O'Reilly
DJ. Hyperbaric Oxygen Therapy Does Not
Reduce Indications for Amputation in Patients
With Diabetes With Nonhealing Ulcers of the
Lower Limb: A Prospective, Double-Blind,
Randomized Controlled Clinical Trial. Diabetes
Care. 2016 Mar;39(3):392-9. doi:
10.2337/dc15-2001. Epub 2016 Jan 6. PMID:
26740639.

[11] Ma L, Li P, Shi Z, Hou T, Chen X, DuJ. A
prospective, randomized, controlled study of
hyperbaric oxygen therapy: effects on healing
and oxidative stress of ulcer tissue in patients
with a diabetic foot ulcer. Ostomy Wound
Manage. 2013 Mar;59(3):18-24. PMID:
23475448.

[12] Salama SE, Eldeeb AE, Elbarbary AH,
Abdelghany SE. Adjuvant Hyperbaric Oxygen
Therapy Enhances Healing of Nonischemic
Diabetic Foot Ulcers Compared With Standard


https://doi.org/10.1002/jrsm.1411

Wound Care Alone. Int J Low Extrem Wounds.
2019 Mar;18(1):75-80. doi:
10.1177/1534734619829939. Epub 2019 Mar 5.
PMID: 30836807.

[13] Santema KTB, Stockenbroek RM,
Koelemay MJW, Reekers JA, van Dortmont
LMC, Oomen A, Smeets L, Wever JJ, Legemate
DA, Ubbink DT; DAMO2CLES Study Group.
Hyperbaric Oxygen Therapy in the Treatment of
Ischemic Lower- Extremity Ulcers in Patients
With Diabetes: Results of the DAMO2CLES
Multicenter ~ Randomized  Clinical  Trial.
Diabetes Care. 2018 Jan;41(1):112-119. doi:
10.2337/dc17-0654. Epub 2017 Oct 26. PMID:
29074815.

[14] Thistlethwaite KR, Finlayson KJ, Cooper
PD, Brown B, Bennett MH, Kay G, O'Reilly
MT, Edwards HE. The effectiveness of
hyperbaric oxygen therapy for healing chronic
venous leg ulcers: A randomized, double-blind,
placebo-controlled trial. Wound Repair Regen.
2018 Jul;26(4):324-331. doi:
10.1111/wrr.12657. Epub 2018 Oct 19. PMID:
30129080.

[15] Zhang Z, Zhang W, Xu Y, Liu D. Efficacy
of hyperbaric oxygen therapy for diabetic foot
ulcers: An updated systematic review and
meta-analysis. Asian J  Surg. 2022
Jan;45(1):68-78. doi:
10.1016/j.asjsur.2021.07.047. Epub 2021 Aug 8.
PMID: 34376365.

[16] Sharma R, Sharma SK, Mudgal SK, Jelly P,
Thakur K. Efficacy of hyperbaric oxygen
therapy for diabetic foot ulcer, a systematic
review and meta-analysis of controlled clinical
trials. Sci Rep. 2021 Jan 26;11(1):2189. doi:
10.1038/s41598-021-81886-1. PMID:
33500533; PMCID: PMC7838311.

[17] Stoekenbroek RM, Santema TB, Legemate
DA, Ubbink DT, van den Brink A, Koelemay
MJ. Hyperbaric oxygen for the treatment of
diabetic foot ulcers: a systematic review. Eur J
Vasc Endovasc Surg. 2014 Jun;47(6):647-55.
doi: 10.1016/j.€jvs.2014.03.005. Epub 2014 Apr
14. PMID: 24726143.

[18] Brouwer RJ, Lalieu RC, Hoencamp R, van
Hulst RA, Ubbink DT. A systematic review and
meta-analysis of hyperbaric oxygen therapy for
diabetic foot ulcers with arterial insufficiency. J
Vasc Surg. 2020 Feb;71(2):682-692.el. doi:
10.1016/j.jvs.2019.07.082. PMID: 32040434.

[19] Kalani M, Jorneskog G, Naderi N, Lind F,
Brismar K. Hyperbaric oxygen (HBO) therapy
in treatment of diabetic foot ulcers. Long-term
follow-up. J Diabetes Complications. 2002

Mar-Apr;16(2):153-8. doi:
10.1016/s1056-8727(01)00182-9. PMID:
12039398.

Dr. Lara Montano is currently the Chief Resident of the Department of Surgery in
Capitol Medical Center, Philippines. She graduated from the University of Santo
Tomas Faculty of Medicine and Surgery in 2020. Some of her published, as well as
locally and internationally presented papers include the following: “Metastatic
Axillary Lymphadenopathy from a Triple-Negative Occult Breast Carcinoma in a
Male Patient: A Case Report” and “A Path Unseen: An Incidental Cholecystoenteric
Fistula in a Routine Laparoscopic Cholecystectomy.”



RESEARCH ETHICS BOARD

LETTER OF EXEMPTION FROM ETHICAL REVIEW FORM

26 January 2026

DR. LARA VERONICA LOUISE G. MONTANO
Principal Investigator

Capitol Medical Center, Inc.,

Quezon Avenue cormer Scout Magbanua St. Q.C.

Re: 2026-002-Montano
Title: “HYPERBARIC OXYGEN THERAPY AND ULCER HEALING OF

DIABETIC FOOT PATIENTS IN RANDOMIZED CONTROLLED TRIALS: A
SYSTEMATIC REVIEW AND META-ANALY SIS™

Subject: Letter of Exemption from Review

Dear DR. MONTANO:
This 1s to acknowledge submission of the following documents:

o Research Protocol
e Approved Technical Review
o Request Form for Waiver of Informed Consent

After a preliminary review of the above documents, the CMCI Research Ethics Board deemed 1t
appropriate that the above proposal be EXEMPTED FROM ETHICAL REVIEW.

This means that the study may be implemented without undergoing an expedited or full review.
Neither will the proponents be required to submit further documents to the committee as long as
there is no amendment nor alteration in the protocol that will change the nature of the study, nor
the level of risk involved. The Primary Investigator is required to submit the Final Report at the
end of the study.

Thank you.

Very truly yours,

y 277
i
DR. ROGER 8. DE VENECIA

Chairman, Research Ethics Board
Capitol Medical Center Ine.



