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insignificant differences among groups in the second, fourth, and sixth weeks 
(P-value= 0.01 for all measurements). Regarding ulcer volume, there were 
substantial variations post- 2, 4, and 6-weeks tests (P-value= 0.01, 0.0001, 
and 0.0001 respectively). Multiple comparison in-between groups showed 
insignificant differences in-between the experimental groups.

Conclusion: The combination therapy between LLLT does not accelerate the 
healing rate in chronic DFU more than and LLLT or HBOT alone.

Keywords: low-level laser therapy, Photo bio modulation, Hyperbaric oxygen 
therapy, Diabetic chronic ulcers.

Introduction

Chronic diabetic foot ulcer (DFU) is a significant issue in the world of health 
care. Its complications could result in extended hospital stays and amputation. 
Within the medical community, managing it continues to be a substantial 
financial and medical challenge [1-6]. The regular stages of healing will be 
hampered due to the hypoxic nature and subsequent wound infection of DFU, 
which will finally leave a persistent ulcer [7].

For more efficient wound healing, a number of strategies have been developed, 
the most crucial of which are glycemic management, wound debridement, 
antibiotics, regular dressings, and pressure relieving techniques. Physical 
therapies such low-level laser therapy, hyperbaric oxygen therapy, therapeutic 
ultrasound, and electromagnetic therapies have been developed as adjuvant 
treatments for wound healing[13–16].Low-level laser treatment (LLLT) has 
been noted to promote faster tissue repair, reduced inflammation, regulation 
of inflammatory mediators, and neovascularization in the healing of wounds 
[17–19].

It has been demonstrated that oxygen is necessary for the normal wound 
healing process. This is due to the fact that activities necessary for wound 
healing, such as fibroblast imitation, collagen deposition, angiogenesis, 
infection resistance, and intracellular leukocyte bacterial killing, are all oxygen-
sensitive. A systemic treatment approach known as hyperbaric oxygen therapy 
(HBOT) involves the patient breathing only 100% oxygen for a predetermined 
amount of time in a pressurized chamber. HBOT has been shown to enhance 
tissue oxygenation, which aids in the healing of DFUs[20–26].The synergistic 
effect of LLLT and HBOT may be more successful than each of them separately, 
according to our study's hypothesis.

Methods and Materials

Design of the study

From May to September 2021, a randomized controlled trial was conducted in 
the diabetic foot care clinic at Egypt's Kobri El Koba Military Hospital. Human 
research was conducted in accordance with the Declaration of Helsinki 
Guidelines for the Conduct of Human Research. After being told about the 
trial's nature and goal, all patients signed a consent form before data collection 
began. The CONSORT statement was used to report this study (attach Appendix 
I: the checklist of CONSORT). Every participant had the option to refuse or 
withdraw at any time. Through the coding of all data, the confidentiality and 
anonymity of any obtained information were ensured.

Subjects, Equipment and Procedures

Subjects

All patients were randomly assigned into four groups (control, LLLT, HBOT 
and combined, each group n=25 patients) using closed envelope method, as 
shown in Figure 1. Measurement of both ulcer surface area (primary outcome) 
and ulcer volume (secondary outcome) were performed in the baseline and 
consequently in the 2nd, 4th, and 6thweektimepoints. Based on non-probability 
convenience consecutive sampling, one hundred diabetic patients (type 2 
diabetes for at least ten years) of both genders (57 males and 43 females) were 
selected, ranging in age from 40 to 65 years. They were enrolled and their 
eligibility to participate in the study was determined. All patients were given 
a thorough examination to confirm that they met the inclusion and exclusion 
criteria. All patients had a non-infected grade II chronic DFU (duration of ulcer 6 
weeks) with good vascularity, as determined by a vascular or general surgeon. 
All of the patients' blood glucose levels were under control (HbA1C 48 mmol/
mol). All of the patients had a cardiac ejection fraction (CEF) of less than 50% 
and a blood pressure (BP) of less than 150/90 mmHg. The X-ray of the chest 
was found to be normal. All patients were clinically assessed by a specialized 
ENT physician to confirm that they were suitable for the hyperbaric chamber. 
Patients with chronic obstructive lung disease, patients with any ailment 
that leads to ulcer other than diabetes, such as chronic venous insufficiency, 
pregnant and malignant patients undergoing radiotherapy, and patients with 
cardiac pacemakers were also excluded from the study. The Faculty of Physical 
Therapy's research Ethical Committee at Cairo University approved the study 
(redacted) and it was registered on PACTR (redacted) (Figure 1).
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Abstract

Purpose: This investigation was conducted to evaluate the effectiveness of low-level laser therapy (LLLT) photo-
bio modulation (PBM) and hyperbaric oxygen therapy (HBOT) on healing of prolonged diabetic foot ulcers. 

Patients and Methods: One hundred patients with chronic diabetic foot ulcers (DFU); their ages ranged from 
40-65 years. The patients were assigned randomly into four groups. Control group received conventional 
wound care only, LLLT group received GaAlAs diode laser, its power output was1440 mW with following wave 
lengths: 5 x 850 nm 200 mW, 12 x 670 nm 10mW, 8 x 880 nm 25 mW, 8 x 950nm 15mW and energy density 
(flounce) was adjusted for 4 J/cm2 with pulse frequency of 10 KHZ, each session lasted 8 minutes for 3 times per 
week day after day. HBOT group received 100%pure oxygen under 2.5 ATA delivered for 60 minutes per session 
for 30 sessions with 5 sessions per week for6 successive weeks. Combined group received combination of both 
LLLT and HBOT. All groups received standard wound care in addition to their program. Measurements for ulcer 
surface area (USA) by transparent method and ulcer volume (UV) by volumetric method were performed before 
starting the study, in the second, fourth- and sixth-weeks post treatment.

Results: MANOVA test revealed that there was statistically significant reduction in USA and UV in the LLLT, 
HBOT and Combined groups (P-value= 001 and 0.0001 in all groups respectively). Regarding USA, there were 
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Equipment’s

Laser Cluster Diode: (GaAlAs diode system) Vectra Genisys laser n.27808, 
Chattanooga group of encores medical, Texas, USA was applied in contact to 
the wound using cling film as an isolator between the device head and the 
ulcer site. 

Hyperbaric Oxygen Therapy: HAUX-STRACOM 2000/5,5. Double-lock, divided 
in main chamber and ante chamber / Ω-shape with CE-Certificate, Germany.

Procedures

Testing procedure

Measurement of USA: the patient lied in a comfortable position exposing 
the affected foot. Two plastic transparent layers were applied on the ulcer to 
bed demarcated using a fine-tipped permanent marker where one of them is 
divided into a metric grid of 16x16 squares. The area of each square measures 
1 cm2. The transparent sheet that was applied directly to the ulcer was 
afterwards disinfected to avoid any contamination then was discarded. The 
transparent sheet was scanned by an HP laser Jet Printer (M1005 MFP). The 
scanned ulcer was saved as an image using Adobe Photoshop CS6 program to 
calculate its surface area[27].

Measurement of UV: Saline solution was used to measure the UV, by using 
20cm³ syringe filled with saline to fill the cavity of the ulcer. Each patient was 
positioned to allow complete filling of the ulcer against gravity. An adhesive 
transparent elastic layer of plastic material was applied tightly over the cleaned 
ulcer. The saline amount needed to fill the ulcer cavity is a direct measure of 
ulcer volume[28].

Intervention procedure

The control group received standard wound care, which included wound 
washing to keep the ulcer surface moist. Place a new bandage on the region 
after washing it twice a day with saline. There's no need to use hydrogen 
peroxide or alcohol to clean [29].

LLLT Group: Using a contact technique, 33 diode cluster applicators were 
employed to deliver LLLT, providing a total power output of 1440 mW with the 
following wave lengths: 5 x 850nm 200mW lasers, 12 x 670nm 10mW lasers, 8 
x 880nm 25 mW lasers, and 8 x 950nm 15mW lasers were used, with an energy 
density (flounce) of 4 J/cm2 and a pulse frequency of 10 KHZ. Both the therapist 
and the patient wear sunglasses to protect their eyes. Each session lasted 8 

minutes and was held three times each week for a total of six weeks.

HBOT Group: 25 patients got HBO therapy, which began with a gradual 
increase in oxygen pressure to roughly 2.5 ATA over 15 minutes, followed by 
60 minutes of 100% oxygen delivery.

Then, for 30 sessions, gradually decompress for 15 minutes at a time for a total 
of 90 minutes per session (5 sessions per week for 6 weeks).

Combined Group: HBOT was administered first, followed by LLLT in the same 
session, with the same parameters as before.

Statistical Analysis

The IBM SPSS version 22 computer application was used to do all statistical 
calculations (IBM Corporation, USA). The G*Power programme was used to do 
the sample size calculations (version 3.0.10). The primary outcome measure 
was the ulcer surface area. The impact of the United States was judged to be 
moderate (0.25). It would be necessary to generate a sample size of at least 20 
patients each group. In order to account for a 20% dropout rate, a total sample 
size of at least 100 patients was required. The homogeneity test (Leven's test) 
revealed that all of the data are homogeneous. A normality test (Shapiro-Wilk 
Test) was done prior to statistical analysis, and the results revealed that the 
data were normally distributed. To compare data inside and between groups, 
a parametric test was performed (MANOVA). Post-Hoc was used to discover 
the least significant difference in repeated comparisons (LSD). A P-value of less 
than 0.05 was considered statistically significant.

Results

General demographic data

There were statistically insignificant differences between the groups regarding 
the duration of diabetes, duration of ulcer, initial ulcer surface area, and initial 
ulcer depth, as illustrated in (Table 1).

Ulcer surface area (USA)

The within group comparison revealed an insignificant difference in the control 
group (P-value= 1) while significant differences in LLLT, HBOT, and combination 
groups (P-value= 0.001 for all groups). The percentage of improvement is higher 
in the HBOT than in the LTLT and combined groups (89.76%, 85.64%, and 89.42 
respectively). The in-between comparison revealed an insignificant difference 
in pre-test (P-value= 0.25) while significant differences between groups in 
the second, fourth, and sixth weeks (P-value= 0.01 for all measurements), as 
clarified in (Table 2 and Figure 2).

Ulcer volume

The within group comparison revealed an insignificant difference in the 
control group (P-value= 0.98) significant differences in the LLLT, HBOT and 
the combined groups (P-value= 0.0001 in all groups). The percentage of 
improvement is higher in the LILT than the HBOT and Combined groups (89%, 
81.12%, and 80.91% respectively). The in-between group comparison showed 
an insignificant difference in the pre-test (P-value= 0.22) while significant 
differences post- 2-, 4-, and 6-weeks tests (P-value= 0.01, 0.0001, and 0.0001, 
respectively, as illustrated in (Table 3 and Figure 3).

Multiple Comparison within the experimental Groups

There were significant differences between each consequence measurements 
except between the 4th and 6th week tests, as shown in (Table 4). 

Multiple Comparison In-Between Groups

There were significant differences between the control group and each of 
the three experimental groups while insignificant differences in-between the 
experimental groups, as shown in (Table 5). 

Figure 1. Flow chart for the dropout and allocation.

Variables ControlGroup
(X ± SD)

LLLT 
group

(X ± SD)

HBOT 
group

(X ± SD)

Combined 
group

(X ± SD)

P-value

Age(year) 60.1±9.1 59.1±7.68 60.9±8.3 59.5±8.7 0.52
DDM(year) 15.9±3.2 16±4.4 16.1±3.4 16.05±3.8 0.47
DU(month) 3.2±1.5 3.5±1.7 3.3±1.3 3.4±1.6 0.11
IUSA(cm2) 5.61±0.70 5.57±0.70 5.48±0.26 5.67+0.26 0.98
IUD (cm3) 6.10±1.05 5.30±0.77 7.84±0.75 6.60±0.88 0.75

Table 1. General Demographic Data.

X± SD: mean± standard deviation. DDM: Duration of Diabetes mellitus.

IUD: Initial Ulcer Duration.IUSA: Initial Ulcer Surface Area.

IUD: Initial Ulcer Depth. Significant at P-value <0.05.
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the cause of the considerable impacts of LLLT on USA and UV. Through the 
interaction of photons with one or more cellular chromospheres, this PBM 
induces cellular activity. Cytochrome c oxidase (CCO), the final enzyme in the 
mitochondrial respiratory chain, is where photons are absorbed as a result of 
LLLT. Increased ATP synthesis, cellular metabolic activity, and cell proliferation 
are only a few of the downstream effects of CCO activation [29].

The fact that HBOT significantly increases wound tissue partial pressure of 
oxygen (PO2) with a mean value of 1.884 in comparison to LLLT with a mean 
value of 0.265 may account for its effects on USA and UV [30,31]. 

Following HBOT, vascular endothelial development factor (VEGF), a signalling 
molecule that encourages the growth of new blood vessels, was found to be 
present at higher levels, according to histological analysis. When cells and 
tissues lack oxygenated blood due to decreased blood circulation, signs of 

Discussion

When the four groups were compared in terms of wound surface area and 
ulcer volume measures, there were no significant differences in pre-treatment 
values (P= 0.25, 0.22), demonstrating that the four groups were properly 
matched. The results of the concurrent study showed significant improvements 
in USA and UV in each of the three intervention groups (P-values of 001 and 
0.0001 in each group). In the second, fourth, and sixth weeks of measurements, 
there were statistically significant differences between the mean values of the 
examined parameters in the LLLT, HBOT, and combination groups compared 
to the control group (P-value= 0.001 for all measurements in the USA and 0.01, 
0.0001, and 0.0001 for the three UV measurements).

Its photo-biomodulation (PBM), which causes both photo physical and 
photochemical changes within cells without causing heat damage, may be 

USA
Pre-test Post 2 Post 4 Post 6 P-value (Within-Group 

Comparison)
Percentage of 
Improvement

Control 5.61 + 0.70 5.51 + 0.68 5.54 + 0.70 5.51 + 0.70 1 2%
LLLT 5.57 + 0.70 2.98 + 0.35 1.42 + 0.28 0.8 + 0.30 0.001* 85.64%

HBOT 5.86 + 0.26 1.86 + 0.24 1 + 0.16 0.60 + 0.22 0.001* 89.76%
Combined 5.67 + 0.26 1.66 + 0.23 0.92 + 0.18 0.60 + 0.23 0.001* 89.42%

P-value (In-Between Group 
Comparison)

0.25 0.001* 0.001* 0.001*

Table 2. Measurements of Ulcer Surface Area (Usa).

*significant at p-value <0.05

Ulcer Volume
Pre-test Post 2 Post 4 Post 6 P-value (Within-Group 

Comparison)
Percentage of 
Improvement

Control 6.10 +1.05 6 + 1.04 6.45 + 1.28 6.67 + 1.37 0.98 9.3%
LILT 5.30 + 0.77 2.85 + 0.46 0.81 + 0.23 0.56 + 0.29 0.0001* 89.4%

HBOT 7.84 + 0.75 4.66 + 0.52 2.85 + 0.51 1.48 + 0.54 0.0001* 81.12%
Combined 6.60 + 0.88 3.63 + 0.57 2.03 + 0.58 1.26 + 0.57 0.0001* 80.91%

P-value (In-Between Group 
Comparison)

0.22 0.01 0.0001 0.0001

*significant at p-value <0.05

Table 3. Measurements Of Ulcer Volume (Uv).

Figure 2. Measurements of Ulcer Surface Area (Usa).
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enhanced angiogenesis, and more advanced remodelling with higher-quality 
collagen, VEGF is a component of the system that restores blood flow to them 
[32, 33]. The HBOT group experienced a greater percentage increase in surface 
area when compared to the LILT and combination groups (89.76%, 85.64%, 
and 89.42%, respectively). This was related to HBOT's capacity to reverse local 
tissue hypoxia, which, by momentarily raising oxygen levels within wounded 
tissue, induces vasculogenesis and enhances local blood flow. reducing 
inflammation, preventing the growth of anaerobic bacteria, and facilitating 
healing [34, 35]

Regarding ulcer volume, LILT group improvement was greater than HBOT 
and combined group improvement (89.4%, 81.12%, and 80.91%, respectively). 
There is a lack of recognition and comprehension of the specific mechanisms 
behind PBM and LILT. However, a wide variety of impacts have been seen 
at the molecular, cellular, and tissue levels. The presence of cellular mitosis, 
keratinocyte migration and proliferation, an increase in adenosine triphosphate 
(ATP), vasodilation, protein creation, a decrease in prostaglandin levels, 
and neoangiogenesis are all outcomes of its ability to conduct developing 
mitochondrial activity [36,37].

On the other hand, LLLT parameters like wavelengths (longer wavelengths 
penetrate tissue much deeper and are used to treat deeper-seated tissues; 
lower wavelengths treat superficial tissue), power, and dose are crucial, and 
PBM varies depending on their values [38]. As a result, it may be advised to first 
use LLLT for a period of time to achieve the best ulcer volume improvement 
before moving to HBOT for an additional duration of time to achieve the best 
wound surface area results. The accuracy of this procedure depends on there 
being no lingering effects from LLLT during the HBOT administration period.

Multiple comparisons within group revealed significant improvement in both 
ulcer surface area and ulcer volume between each pair of subsequent tests 
for the LLLT and HBOT groups, with the exception of the period between 
4- and 6-weeks. This might be explained by the fact that healing quickened 
in the first four weeks but slowed down later on. Short-term and long-term 
PBM effects of LLLT can be traditionally separated. The results, or responses, 
are what might be seen shortly or immediately after irradiation. Long-term 
effects are those that appear hours or days after the radiation has stopped 
and frequently include new cell biosynthesis, especially during the proliferative 
stage of inflammatory healing [39]. Additionally, this could be explained by the 
fact that the transcutaneous oxygen tension rises steadily until it reaches a 

WSA (I) Groups (J) Groups Mean Difference 
(I-J)

P-value Ulcer Volume (I) Groups (J) Groups Mean Difference 
(I-J)

P-value

LLLT Pre-test Post 2-weeks 2.59* 0.0001 LLLT Pre-test Post 2-weeks 2.44* 0.001
Post 4-weeks 4.15* 0.0001 Post 4-weeks 4.48* 0.0001
Post 6-weeks 4.71* 0.0001 Post 6-weeks 4.74* 0.0001

Post 2-weeks Post 4-weeks 1.56* 0.013 Post 
2-weeks

Post 4-weeks 2.04* 0.004
Post 6-weeks 2.12* 0.001 Post 6-weeks 2.30* 0.001

Post 4-weeks Post 6-weeks 0.56 0.364 Post 
4-weeks

Post 6-weeks 0.26 0.706

HBOT Pre-test Post 2-weeks 1* 0.002 HBOT Pre-test Post 2-weeks 3.18* 0.0001
Post 4-weeks 1.86* 0.0001 Post 4-weeks 4.99* 0.0001
Post 6-weeks 2.27* 0.0001 Post 6-weeks 6.36* 0.0001

Post 2-weeks Post 4-weeks 0.85* 0.009 Post 
2-weeks

Post 4-weeks 1.81* 0.032
Post 6-weeks 1.26* 0.0001 Post 6-weeks 3.8* 0.0001

Post 4-weeks Post 6-weeks 0.41 0.205 Post 
4-weeks

Post 6-weeks 1.37 0.103

Combined Pre-test Post 2-weeks 1* 0.002 Combined Pre-test Post 2-weeks 2.96* 0.002
Post 4-weeks 1.75* 0.0001 Post 4-weeks 4.56* 0.0001
Post 6-weeks 2.07* 0.0001 Post 6-weeks 5.33* 0.0001

Post 2-weeks Post 4-weeks 0.75* 0.023 Post 
2-weeks

Post 4-weeks 1.60 .090
Post 6-weeks 1.06* 0.001 Post 6-weeks 2.38* 0.013

Post 4-weeks Post 6-weeks 0.31 0.332 Post 
4-weeks

Post 6-weeks 0.77 0.412

*significant at p-value <0.05; A: Surface area; V: Ulcer volume

Table 4. Multiple Comparisons within the Experimental Groups.

Figure 3. Measurements of Ulcer Volume (Uv).
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plateau in accordance with the DFU's oxygen capacity, which is determined 
by the health of the macro vascular and micro vascular systems, which act as 
barriers to the systemic distribution of oxygen [40,41].

The combined treatment showed effective results in terms of ulcer surface 
area from 2- to 4-weeks and 2- to 6-weeks. Hyperbaric oxygen therapy, which 
has been associated with a quicker closure of surface area, may be to blame 
for this. In contrast, there was no improvement in ulcer volume between 2- and 
4-weeks or 4- to 6-weeks, despite their being an improvement between 2- and 
6-weeks. This might be caused by how LLLT affects ulcer volume healing by 
enhancing collagen production, which happens via PBM pathways on which 
specific frequencies or doses may act, moderating cellular proliferation, and 
boosting the levels of fibroblast growth factors. According to the authors 
mentioned above, another possibility is that the mitochondria take in more 
energy, leading to increased nucleic acid production, which enhances collagen 
production, hastens epithelial repair, and promotes the creation of granulation 
tissue [42].

It's possible that the lack of improvement between weeks 2 and 4 and 4 and 
6 is related to the time needed for the chemical reactions brought on by LLLT, 
which promotes cellular metabolism and increases generation of adenosine 
triphosphate (ATP), to become established. It works by lowering edoema 
and oxidative stress [43,44].Therefore, we speculate that LLLT may have 
an aftereffect in which the healing process persisted even after the end of 
sessions. Therefore, additional research may be required to demonstrate the 
real follow-up period.

Insignificant differences were found when comparing the three intervention 
groups, but significant differences were found when comparing the control 
group and each of the three intervention groups regarding both USA and ulcer 
volume at the second, fourth, and sixth weeks. According to these findings, any 
one of the three intervention methods can be utilized in place of the others, 
taking into account their safety, cost-effectiveness, and time requirements.

The HBO device has various precautions and contraindications, may require 
significant space that may not be available in all healthcare institutions, and 
is therefore unsuitable for all patients. Although potential side effects and 
consequences must be taken into account, the most frequent HBOT side 
effect is middle ear barotrauma. Patients with the common cold and upper 
respiratory tract infections are not candidates for HBOT because the Paranasal 
sinuses are frequently impacted by barotrauma. Due to the vasoconstrictive 
effects of oxygen, HBOT also causes an increase in total peripheral resistance, 
which results in a reduction in heart function [7,33].Additionally, LLLT has the 
potential to develop into a portable, minimally invasive, simple-to-use, and 
affordable therapy option for DFU, according to a systematic review [43,44]. 

Finally, according to the results of this concurrent study, the hypothesis of 
synergistic effect of LILT and HBOT may be more effective than either of them 
alone was rejected.

Implications of Physiotherapy Practice

It is concluded that either LLLT or HBOT can be used alone to accelerate 

healing in chronic DFU. While combined therapy failed to meet the expected 
results. Further study may be needed to calculate the actual duration where 
the effect of LLLT lasts.
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HBOT 4.91* 0.0001 HBOT 5.09* 0.0001
Combined 4.90* 0.0001 Combined 5.30* 0.0001

LLLT HBOT 0.26 0.657 LLLT HBOT 0.92 0.418
Combined 0.25 0.668 Combined 0.71 0.534

HBOT Combined 0.01 0.988 HBOT Combined 0.21 0.851

*significant at p-value <0.05

Table 5. Multiple Comparison In-Between Groups.
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