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A B S T R A C T

Diabetic foot ulcer is a common chronic complication of diabetes mellitus. In addition to conventional primary ther-
apy, there are adjuvant therapy methods such as hyperbaric oxygen therapy for the healing of diabetic foot ulcer
wounds. The present study aimed to determine the efficacy of hyperbaric oxygen therapy in diabetic foot ulcers
based on Wagner classification. It was performed retrospectively from prospectively collected data. One hundred
thirty patients with diabetic foot ulcers were assessed in 2 groups: 1 group received hyperbaric oxygen therapy; the
other group did not. Patients were examined according to age, sex, ulcer grade based on Wagner classification; ulcer
healing status; whether hyperbaric oxygen therapy was received; duration of diabetes in years; HbA1C, sedimenta-
tion, C-reactive protein levels; and presence of accompanying diseases, including peripheral arterial disease, chronic
obstructive pulmonary disease, hypertension, chronic kidney disease, neuropathy, and retinopathy. The mean follow-
up period was 19.5§ 4.45 months (range 12 to 28 months). Seventy-one (54.6%) patients received hyperbaric oxygen
therapy, and 59 (45.4%) patients did not. All patients in Wagner grade 2 healed in both groups. In the group that
received hyperbaric oxygen therapy for grade 3 and 4 patients, 35 (87.5%) and 11 (84.6%) healed, respectively. In
total, 60 (84.5%) patients in the group that received hyperbaric oxygen therapy healed. The subgroup comparison
conducted according to Wagner classification revealed no differences between the 2 groups of grades 2 and 5
patients. It also revealed that treatment had higher levels of efficacy in the healing of ulcers in grade 3 and 4 patients.
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Diabetes mellitus (DM) is a chronic disease that is prevalent
worldwide. As of 2013, the number of global adult DM patients was
381 million, which is estimated to reach up to 591 million by 2035 (1).
Diabetic foot ulcer (DFU) is induced by peripheral neuropathy, periph-
eral arterial disease (PAD), and foot trauma, which are chronic compli-
cations of diabetes. Furthermore, motor and autonomous function
deficits play a central role in development of DFU. It is reported that
12% to 15% of DM patients develop DFU, which accounts for 40% to 60%
of nontraumatic foot amputations as the most common reason (2).

DFU is a chronic complication that has a detrimental effect on the
quality of life of patients, is restrictive for patients and relatives, and
places a heavy burden on society due to the high costs associated with
its treatment. Therefore, the purpose, starting from the diagnosis of
diabetes, should be delivery of training to patients and relatives and
prevention of DFU development (3).

Although classification of DFU is important for standardization and
further determination of therapy, a universally recognized classification
has not yet been developed. The Wagner classification is currently one
of the most commonly used classification systems, although it remains
a controversial issue (4). This classification includes cases with risk fac-
tors as well and consists of grades from 0 to 5 based on presence, depth,
infection status, and gangrenes of ulcer (5).

The primary requirements for DFU are cleansing of the wound,
removal of necrotic tissue from the wound, examination of the wound
in relation to bone, and deep tissue sampling that should be received
for culture. DFU patients should be evaluated with a multidisciplinary
approach; primary therapy includes debridement, daily care and dress-
ing of the ulcer, suitable antibiotic therapy, protection of the foot from
pressure, and strict glycemic control. Furthermore, hypertension (HT)
and hyperlipidemia should be controlled, and tobacco smoking should
be ceased (2,4).

In addition to conventional primary therapy, there are adjuvant
therapy methods for wound healing in DFU. Adjuvant therapy
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Table 1
Comparison of 2 groups of patients that respectively were and were not administered
hyperbaric oxygen therapy according to demographic, laboratory, and additional medical
situations (N = 130)

HBOT Administered HBOT Not Administered
Mean/Std. Value Mean/Std. Value p Value

Age 58.35§ 10.53 66.41§ 11.17 .001
Years of diabetes 14.45§ 8.25 16.17§ 9.04 .497
HbA1C 8.93§ 2.53 8.49§ 1.61 .546
ESR 57.33§ 30.51 76.36§ 33.51 .001
CRP 43.73§ 75.11 69.94§ 69.52 .047
Sex 15 F/56 M 16 F/43 M .536

Present/Total(%) Present/Total(%)
HT 37/71(52.11%) 47/59(79.66%) .002
COPD 1/71(1.40%) 9/59(15.25%) .005
PAD 36/71(50.70%) 44/59(74.57%) .007
CKD 7/71(9.85%) 13/59(22.03%) .086
Neuropathy 64/71(90.14%) 51/59(86.44%) .587
Retinopathy 21/71(29.57%) 23/59(38.98%) .271

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary dis-
ease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; F, female; HBOT,
hyperbaric oxygen therapy; HT, hypertension; M, male; PAD, peripheral arterial disease;
Std., standard.
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alternatives reported in the literature are increasing; negative pressur-
ized wound closure, locally applied growth factor, specific debriding
wound dressings, and hyperbaric oxygen therapy (HBOT) are com-
monly employed methods in the present approach (6�9). The use of
HBOT in nonhealing chronic wounds, particularly in DFU, has increased.
The employment of HBOT in DFU is intended for increasing tissue oxy-
genation in wounds to eliminate tissue hypoxia, control infection with
antibacterial effects, and optimize healing of wounds (7).

The aim of this study was to determine the efficacy of HBOT in DFUs
based on theWagner classification.

Patients and Methods

The study was carried out retrospectively from prospectively collected data. Scientific
and ethical approval were obtained from the Ankara Numune Training and Research Hos-
pital Scientific Research Evaluation Board (2015/985).

Patient Selection

The present study was conducted based on the file data of 166 DFU patients who
received inpatient treatment in Ankara Numune Training and Research Hospital General
Surgery Department Chronic Wound Treatment Center between September 2013 and
January 2015. Inclusion criteria were as follows: >18 years old; Wagner grades 2, 3, 4,
and 5; at least 2 weeks after local and systemic wound care; and diabetic feet. Of 166
patients, 16 were excluded due to death from various reasons during ongoing treatment,
and 20 were excluded due to receiving less than 10 sessions of HBOT (range 0 to 10).

Review of the records of 130 patients included in the study revealed that foot dress-
ings were opened, wounds were cleansed, wound samples were received for culture,
wounds were photographed at the time of admission, and wounds were graded according
to the Wagner classification and recorded on a computer with respective grades. Blood
glucose regulation was maintained through consultation with the endocrinology or inter-
nal medicine departments.

Standard clinical treatment includes debridement, grafting or flap application, ampu-
tation as necessary, antibiotic therapy through consultation with the infectious diseases
department in response to the presence of infection, and revascularization as appropriate
through consultation with the cardiovascular surgery department.

In addition to standard treatment for DFU, HBOT was administered to every patient
who was eligible for HBOT as adjuvant therapy in the chronic wound treatment center.
Patients with known ineligibility are not referred for HBOT, but the decision of HBOT
administration regarding all other patients is given through consultation with underwa-
ter and hyperbaric medicine specialists. Patients who are deemed eligible are adminis-
tered HBOT for a total of 120 minutes daily under 2.4 ATM pressure at the Akyurt
Hyperbaric Oxygen Therapy Center.

Before discharge, wound images of the patients were taken, and the recovery status
of the wounds was evaluated according to clinical photos of the wound when patients
came for outpatient clinics. The mean follow-up period was 19.5§ 4.45 (range 12 to 28)
months.

Patient Grouping

Patients were divided into 2 groups, namely those receiving and those not receiving
HBOT, according to the criteria specified above. Patient ulcers were graded into 4 groups
including grades 2, 3, 4, and 5 according to the Wagner classification. Patients were
divided into 2 groups as those with healed and those with nonhealing ulcers at the time
of discharge. The nonhealing ulcer group consisted of patients whose ulcer was not
reduced in the follow-up period, as well as those with major amputations, including
under and above the knee. The healed ulcer group consisted of patients whose ulcer was
fully epithelized with secondary healing, closed with grafting, and healed after minor
amputations, including finger, finger +metatarsal, and Chopart.

Statistical Method

Obtained data were expressed as mean§ standard deviation and assessed with IBM
SPSS 21.0 software. Analyses were conducted with the chi-square test, Fisher’s exact test,
the Mann-Whitney U test, and the independent sample t test. Confidence interval for sta-
tistical data was 95%, and the p value for statistical significance was p< .05.

Results

One hundred thirty patients included 99 (76.2%) males and 31
(23.8%) females. Mean age of the patients was 62 years; age range was
between 30 and 96 years. According to the Wagner classification, 19
(14.6%) patients had grade 2, 53 (40.8%) patients had grade 3, 47
(36.1%) patients had grade 4, and 11 (8.5%) patients had grade 5 foot
ulcers. Seventy-one (54.6%) patients received HBOT, and 59 (45.4%)
patients did not. Of 59 patients who were not administered HBOT, 26
were excluded from therapy through consultation with underwater
and hyperbaric medicine specialists, whereas 33 patients were
excluded without consultation. Six patients with claustrophobia,
9 patients with obstructive pulmonary disease, 4 patients with
pulmonary embolism, 10 patients with cardiac failure, 4 patients with
post-tuberculosis sequela, 7 patients with cardiac risk, 9 patients
with dyspnea, and 10 patients with overall poor condition were not
administered therapy.

Upon examination of the healing status of ulcers, the ulcers of 84
(64.6%) patients were healed and those of 46 (35.4%) patients were not.
All patients in grade 2 according to the Wagner classification healed in
both groups. As for grade 3 patients, 35 (87.5%) healed in the HBOT
group, whereas 7 (53.8%) healed in the non-HBOT group; 11 (84.6%)
and 12 (35.2%) of grade 4 patients healed in HBOT and non-HBOT
groups, respectively. No healing was observed in both groups of grade 5
patients. In total, 60 (84.5%) HBOT group patients and 24 (40.6%) non-
HBOT group patients healed.

The 2 groups that were and were not administered HBOT were com-
pared with respect to age, sex, duration of diabetes in years, presence of
PAD, presence of chronic obstructive pulmonary disease (COPD), pres-
ence of HT, presence of chronic kidney disease (CKD), presence of neu-
ropathy, and presence of retinopathy, as well as levels of sedimentation
(erythrocyte sedimentation rate [ESR]), C-reactive protein (CRP), and
HbA1C, with statistical analysis by the chi-square test, the Mann-Whit-
ney U test, and the independent sample t test. No difference was
observed with respect to duration of diabetes in years (p = .497), HbA1C
level (p = .546), sex (p = .536), presence of CKD (p = .086), presence of
neuropathy (p = .587), or presence of retinopathy (p = 0.27), whereas
age (p = .001), ESR (p = .001), CRP (p = .047) levels, presence of HT
(p = .002), presence of COPD (p = .005), and presence of PAD (p = .007)
differed between the 2 groups (Table 1).

Patients who were graded according to the Wagner classification
were divided into 2 groups as those administered and those not admin-
istered HBOT to study the effect of HBOT on the healing of wounds. Sta-
tistical analysis was conducted with Fisher’s exact test. The confidence
interval for statistical data was 95%, and the p value for statistical signif-
icance was p< .05. Statistical results indicated that HBOT caused a sta-
tistically significant increase in healing of grade 3 (p = .017) and grade 4
(p = .003) ulcers, but it did not have a statistically significant effect on



Table 2
Fisher's exact test analysis of healing status of wounds of patients who were graded
according to the Wagner classification based on administration of hyperbaric oxygen
therapy (N = 130)

Healing Status of Ulcer

Wagner Stage HBOT Administration Healed Nonhealing Total p Value

Grade 2 Was HBOT administered? Yes 14 0 14 �
No 5 0 5

Total 19 0 19
Grade 3 Was HBOT administered? Yes 35 5 40 .017

No 7 6 13
Total 42 11 53

Grade 4 Was HBOT administered? Yes 11 2 13 .003
No 12 22 34

Total 23 24 47
Grade 5 Was HBOT administered? Yes 0 4 4 �

No 0 7 7
Total 0 11 11

Total Was HBOT administered? Yes 60 11 71 .001
No 24 35 59

Total 84 46 130

Abbreviation: HBOT, hyperbaric oxygen therapy.
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healing of grade 2 and grade 5 ulcers, because all patients in grade 2
healed and all patients in grade 5 did not heal (Table 2).
Discussion

DM is a globally and nationally common health problem. Warning
signs are present that the number of diabetic patients will further
increase in the coming years. Increased diabetic patients will cause
complications as well. The fact that actual treatment comprises preven-
tive medicine and prevention of complications should be remembered.

In the present study, 130 DFU patients were evaluated to compare
the efficacy of HBOT. Most patients (76%) were male, which is consistent
with the literature (9,10). HBOT is in high demand by patients, patient
relatives, and even physicians due to apprehension of eventual amputa-
tion and the perception that HBOT is an effective treatment method
that may prevent it.

Treatment for DFU requires a multidisciplinary approach. Treatment
includes training of patients, foot care, wound care, and debridement as
necessary, glycemic control, revascularization, antibiotic therapy in
response to the presence of infection, and, in some cases, elimination of
life-threatening foot ulcers, which can result in major or minor amputa-
tion (11,12). In the present study, the mean HgA1C level of patients
(8.77 § 2.22), the determination of infection in 40.8% of patients, and
the presence of PAD in 80 patients clearly revealed the requirement for
a multidisciplinary therapy approach for this patient group.

Patients should be strictly administered the standard therapy
formed through a multidisciplinary approach for the wounds to heal.
Several adjuvant therapy methods are recommended and employed to
increase the ratio and rate of healing. Topical growth factor, biotechni-
cal biologic dressings, colony-stimulating growth factor, and HBOT may
be used accordingly (13,14). Literature review reveals that the ratio of
healing in 1 year is <60% despite optimal care with standard therapy
(15). HBOT involves administration of 100% oxygen to patients in
hyperbaric chambers with >1 ATM of pressure. HBOT has a distinctive
importance when compared with other adjuvant therapies in terms of
being a systemic therapy and in its practicability in any period regard-
less of whether the DFU is infected (16).

Additionally, HBOT is recommended over conventional therapies for
several indications, including delayed radiation injury, necrotizing soft
tissue infections and chronic wounds, and particularly DFU (17).

The first study demonstrating the efficacy of HBOT in healing of DFU
was conducted in 1979 by Hart and Strauss (18). This study was
retrospective and included only a limited number of patients. In the
study, it was reported that 10 of 11 patients healed after HBOT.

The first prospective controlled study was conducted in 1987 by
Baroni et al (19). Patients were divided into 2 groups. Eighteen patients
with foot ulcer grades Wagner 3 andWagner 4 were administered stan-
dard therapy and HBOT in the first group, whereas 10 patients in the
second group served as the control and received only standard therapy.
A statically significant difference was reported in the healing status of
ulcers of patients who were administered HBOT compared with that of
patients in the control group.

In their prospective study conducted to demonstrate the efficacy of
HBOT on DFU, Doctor et al (20) reported that HBOT reduced the
major amputation ratio with statistical significance. Furthermore, they
demonstrated that propagation of Escherichia coli and Pseudomonas
was reduced in wound samples collected from the group with HBOT
administration.

In the study conducted by Faglia et al (21), 70 patients whose foot
ulcer grades ranged between Wagner 2 and Wagner 4 were divided
into 2 groups. Patients in the first group were administered standard
therapy and HBOT, and patients in the second group were administered
only standard therapy. They demonstrated that major amputation was
reduced in the patients in the HBOT-administered group. In their study
of 38 DFU patients, Kalani et al (22) reported that HBOT led to a statisti-
cally significant increase in wound healing. In a study of 18 Wagner 1
and Wagner 2 DFU patients, Abidia et al (23) divided the patients into 2
groups according to administration of HBOT or hyperbaric air therapy.
They reported that the healing of wounds in the HBOT-administered
group was better in a statistically significant manner by indicating the
reduction of the wound surface area. In the same study, they reported
that amputation ratio did not differ between the 2 groups. In the study
conducted by Kessler et al (24) of 28 patients, patients whose wounds
did not heal for 3 months were randomized and divided into 2 groups
according to whether HBOT was administered. Upon evaluation of the
wound surface of patients who were administered 20 sessions of HBOT,
no statistically significant difference was observed with respect to
reduction of wound surface area.

In a study conducted in our clinic, D€uzg€un et al (25) randomized
and divided 100 patients into 2 groups based on administration of
standard therapy and standard therapy + HBOT. They reported that
the healing status of wounds was better in the patient group that
was administered standard therapy + HBOT and that the progression
of amputations to the distal metatarsophalangeal joint decreased in
this group. In another study of 184 DFU patients, full healing was
observed in 115 patients, and it was emphasized that HBOT may
reduce the major amputation ratio (26). In the study conducted by
L€ondahl et al (27), DFU patients were divided into 2 groups accord-
ing to administration of HBOT and hyperbaric air. After a 1-year fol-
low-up period, it was demonstrated that the healing status of the
HBOT-administered group was statistically significantly increased.
No difference was observed between the 2 groups with respect to
amputation ratios. In a prospective randomized study conducted by
Ma et al (28), 36 patients were divided into 2 groups according to
whether they were administered HBOT. In the study, the effect of
HBOT on the healing status of wounds and resulting oxidative stress
were evaluated. A reduction in wound diameter was observed at
the end of a 2-week evaluation; however, it was reported that oxi-
dative stress will balance this in the long term.

Other studies do not support ours. Margolis et al (29) conducted
a study of 6259 patients and found that HBOT did not heal ulcers or
decrease the amputation rate. In their prospective randomized
study, Fedorko et al (30) reported that HBOT did not provide an
additional advantage when compared with comprehensive wound
care in terms of decreasing amputation indications and ensuring
wound healing.
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DFU is a chronic wound that is difficult to heal. Although the scien-
tific basis for employing HBOT for these wounds is poor, L€ondahl (12),
in a review evaluating its broad use, emphasized the need for new stud-
ies. Stoekenbroek et al (31) reviewed 669 studies of HBOT. Although the
efficacy of HBOT on DFU was demonstrated in 376 patients in the 7
studies included in the evaluation, the need for larger-scale studies
with higher quality was noted. In clinical practice, administration of
HBOT in the treatment of DFU may be justified.

In the patient group that presents difficulty in randomization and
patient selection for prospective randomized controlled studies, it is
highly challenging to determine in clinical practice which patients
should receive HBOT and which should not. As it may be observed in
the present study as well, 2 groups were formed because some
patients were unable to receive HBOT. In cases of DFU, HBOT is
administered for 120 minutes once a day under 2 to 3 ATM of pres-
sure. Wounds are evaluated after 30 sessions, and another 30 sessions
are administered if benefits are observed (32). There are also studies
in the literature that evaluated the healing of wounds after 20 ses-
sions (8). Doctor et al (20) evaluated patients after the administration
of 4 sessions of HBOT; Abidia et al (23) administered 30 sessions of
HBOT; D€uzg€un et al (25) administered 30 to 45 sessions of HBOT; and
Lindahl et al (27) administered 40 sessions of HBOT. In our study,
patients were administered 10 to 60 sessions of HBOT, with a mean
administration of 23.70 (§12.40) sessions. In the study conducted by
Akg€ul et al (10) of 126 DFUs, it was reported that HBOT had a poorer
course in the presence of coronary artery disease, cerebrovascular dis-
ease, and retinopathy. Although surgical treatment is primarily rec-
ommended in circumstances where PAD is located above the knee, it
was suggested that patients with PAD located below the knee
received benefits from HBOT. In a study of 54 DFU patients with
Wagner grades 3 and 4, Tongson et al (33) observed that HBOT
increased the healing of wounds in a dose-dependent manner
(5�10,10�20,20�30). Although efficacy, quantity of sessions, and
harms of HBOT remain controversial, recent studies have compared
HBOT with new methods such as extracorporeal shock wave litho-
tripsy and ozone therapy (8,9).

Because of the high comorbidity of DFU patients, it is particularly
difficult to homogenize 2 patient groups through classification of
patients based merely on ulcer. In our study, we observed no differen-
ces with respect to duration of diabetes in years, HbA1C level, sex, pres-
ence of CKD, or presence of retinopathy, whereas age, ESR and CRP
levels, presence of HT, presence of COPD, and presence of PAD differed
between the 2 groups. We also observed that randomization between
groups to determine the effect of HBOT on healing of DFU poses a chal-
lenge. Considering that it would be impossible to equalize all systems
and complications for DM, which is a systemic disease, it is more impor-
tant to focus on preventive medicine, early diagnosis, and precautions
intended to prevent complications of diabetic disease rather than on
studies conducted on therapy alternatives and effects for wounds that
are difficult to heal.

Since there are no definite results yet about the effects of HBOT on
the healing of chronic wounds, particularly DFU, HBOT is being
researched to determine whether it may prove useful or, in the long
term, harmful. Several clinicians perceive HBOT as a last chance for
ulcers that are difficult to heal, to avoid amputation, due to the insuffi-
ciency of study designs and the varying numbers of application sessions
(11,28,32).

Our study had some limitations. First, it was a retrospective study,
and obtained data of the 2 groups were not distributed homogeneously.
Second, the number of HBOT sessions administered to the patients
were not equal, which may have affected wound healing.

In conclusion, we found that in addition to standard therapies for the
treatment of DFU, administration of HBOT as adjuvant therapy has
proven efficacy in the healing of wounds. The subgroup comparison
conducted according to the Wagner classification revealed no differen-
ces between the 2 groups of grade 2 and grade 5 patients, all of which
healed or not, whereas HBOT treatment was effective in healing ulcers
of grade 3 and grade 4 patients. Studies in other centers are needed to
verify our results.
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16. Çimşit M. Diyabetik ayak sa�galt{m{nda hiperbarik oksijen tedavisi. In: G€uncel Y€onleri
ile Kronik Yara. pp.85�92, edited by M Topalan, Ş Aktaş, Ayg€ul Ofset, Ankara, Turkey.
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