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Unusual clinical course

Diabetes mellitus (DM) is one of the most prevalent diseases worldwide and is associated with increased mor-
bidity and mortality. One of the microvascular complications of DM is diabetic foot ulcer (DFU), which is asso-
ciated with increased mortality from serious infections and decreased functional capacity of the patient due to
amputation. Uncontrolled diabetes is a significant risk factor for poor wound healing. There is a need for alter-
native treatments that can promote wound healing in these patients. Several studies have shown the effect of
low-level laser therapy (LLLT) on wound healing in patients with DFU. LLLT is a potential therapeutic approach
in patients with DFU.

A 55-year-old male patient presented with a history of DM, diabetic neuropathy, and diabetic foot. The pa-
tient had uncontrolled blood sugar levels, with an HbA1C of 9.3%. The patient received therapy in the form of
wound care with normal saline, topical antibiotics, and LLLT, with a dose of 10 J/cm? with a frequency of thera-
py 3 times per week. After 12 weeks of therapy, there was improvement, characterized by wound tissue growth
and no significant adverse effects during therapy.

LLLT can provide benefits in patients with DFU and uncontrolled diabetes. The wound showed improvement
after 12 weeks of therapy, and there were no significant adverse effects during therapy. LLLT is a minimally in-
vasive, easy-to-use, and inexpensive therapeutic option to induce wound healing in patients with DFU and un-
controlled diabetes.
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Case Report

Diabetes mellitus (DM), a chronic metabolic condition, is char-
acterized by high plasma glucose levels [1]. One of the most
common illnesses worldwide, DM is linked to higher rates of
morbidity and mortality [2]. According to the World Health
Organization (WHO), there were more than 422 million adults
with DM worldwide in 2014 [2]. This prevalence continues to
increase and is expected to reach 642 million by 2040 [3]. One
of the microvascular complications of DM is diabetic foot ul-
cer (DFU), which is associated with increased mortality from
serious infections [4]. Epidemiological studies show that 20%
of patients with DM have DFU, which, if left untreated, leads
to amputation, reducing the functional status of patients [4].

Low-level laser therapy (LLLT) is one of the modalities that uses
photons at non-thermal temperatures to alter biological activity.
Currently, the main uses of LLLT are to reduce pain and inflam-
mation, trigger tissue healing and regeneration, and prevent
tissue damage [5]. Numerous studies have demonstrated how
LLLT helps patients with DFU wounds heal [6]. LLLT is a mini-
mally invasive, easy-to-use, and inexpensive therapeutic option
for patients with DFU. In patients with DM, there is an imbal-
ance in metalloprotease levels that can degrade the extracellu-
lar matrix, reduce tissue extensibility, and ultimately slow down
wound healing [7]. LLLT is thought to trigger DFU wound healing
by increasing the stability of extracellular structures and stim-
ulating growth factors needed to facilitate wound healing [7].

The use of LLLT in patients with uncontrolled diabetes with
chronic wounds has not been extensively studied. The current
management of DFUs is debridement, wound dressing, and
antibiotics [8]. Patients with uncontrolled diabetes may not
respond to traditional treatments, which is a substantial risk
factor for poor wound healing [9]. There is a need for alterna-
tive treatments that can promote wound healing in these pa-
tients, and LLLT can have a role to play in this regard.

This case study intends to investigate the function of LLLT in
the treatment of diabetic wounds in a patient with uncon-
trolled diabetes. A patient with uncontrolled type 2 diabetes
who appeared with a right foot ulcer that had been persistent
for a long time is described in the case study. Despite treat-
ment with antibiotics and wound dressings, the ulcer did not
improve, and the patient was referred for LLLT treatment. The
case report describes the treatment protocol, the patient’s re-
sponse to treatment, and the follow-up outcomes.

The results of this case report imply that LLLT can be a successful
choice for treating chronic wounds in people with uncontrolled
diabetes. The case report also highlights the need for further re-
search to explore the potential of LLLT in improving wound heal-
ing and glycemic control in diabetic patients with chronic wounds.
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A 55-year-old male patient was referred to the physical medi-
cine and rehabilitation clinic in Makassar, Indonesia with a his-
tory of type 2 DM, diabetic neuropathy, and DFU. The patient
had DM for 2 years and was taking metformin 1500 mg/day.
The patient had a grade Il diabetic ulcer (Wagner grading sys-
tem) on the first toe of the right foot for the last 3 months.
The ulcer had been treated with conventional wound care, with
non-adherent saline gauze dressing, and there was no improve-
ment. At the time of the initial visit, the patient’s HbA1C level
was 7.3%, fasting blood sugar level was 104 mg/dL, and 2-h
postprandial blood sugar 247 mg/dL.

On physical examination, the patient’s weight was 65 kg, height
was 167 cm, and body mass index was 23.31 kg/cm?, which
is a normal value. There was an ulcer on the first toe of the
right foot, measuring approximately 6x2 c¢m, with a depth of
3 mm. There were no signs of venous insufficiency (CRT <2 s)
and no signs of severe infection. The joint range of motion of
the right toe was full, and the intrinsic muscle strength of the
left and right feet was 5 out of 5. There was a decrease in tac-
tile sensation in the left and right feet by approximately 30%.

The patient was then scheduled for routine wound care with
non-adherent saline gauze dressing and administration of LLLT
3 times a week. Wound care was performed by cleaning the
wound with normal saline (NaCl 0.9%) and topical antibiot-
ics (framicetyne sulfate 1%). Then, 660 nm wavelength, con-
tinuous mode, and 4 J/cm? dosage of LLLT therapy was used.
One centimeter was left between the LLLT administration and
the wound, in a perpendicular posture. Wound care was per-
formed by nurses, and LLLT administration was performed by
a physiatrist. After that, the wound was closed with gauze and
a bandage. Also, the patient received therapy from an endo-
crinologist in the form of metformin 1500 mg/day.

During the course of therapy, tissue growth was observed from
time to time. After 12 weeks of therapy, the wound appeared
to close, and there were no significant adverse effects during
the therapy process (Figure 1). After treatment, the patient’s
HbA1C level was 9.3%, fasting blood sugar level was 189 mg/dL,
and 2-h postprandial blood sugar level was 259 mg/dL.

Discussion

DFU is among the major causes of morbidity and mortality
in patients with DM. The risk of a person with DM to experi-
ence DFU is estimated at 19% to 34% [1]. Peripheral vascu-
lar disease (PVD) and diabetic neuropathy are the 2 main risk
factors for DFU [10]. Diabetic neuropathy can affect almost
50% of patients with DM [11]. Symptoms can affect sensory,
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Figure 1. Wound repair over time.

motor, or autonomic functions [11]. Diabetic neuropathy can
lead to DFU because there is increased skin atrophy, exces-
sively dry or excessively moist skin, decreased sensation, and
decreased balance [10].

PVD in patients with DM can result in decreased blood flow
function in the lower extremities, resulting in ischemia [10].
Unrecognized trauma due to neuropathy will result in wounds
that are difficult to heal, due to ischemia [12]. This is exacer-
bated by immunosuppression due to DM, which can increase
the risk of infection [10].

There are 3 stages to the wound-healing process: inflamma-
tion, proliferation, and remodeling [13]. Growth factors and cy-
tokines, as well as inter- and intracellular signaling, are nec-
essary for cell proliferation, differentiation, migration, and
optimal protein synthesis throughout the healing phase of a
wound [14]. In patients with DM, this process can be disrupt-
ed. Wounds can experience healing failure, which will usually
remain in the inflammatory phase and will eventually become
chronic wounds [15]. In patients with DM, there is an impair-
ment of PI3K/AKT signaling that will increase the risk of com-
plications in DM [16]. PI3K/AKT signaling has a crucial role in
the process of tissue healing, regeneration, remodeling, and
re-epithelialization. Therefore, the disturbance of PI3K/AKT
regulation can interfere with the wound healing process [16].
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Current DFU therapy includes blood sugar control, debride-
ment, antibiotics, dressing, and offloading [17]. This series
of therapies can give unfavorable results in patients with un-
controlled blood sugar [18]. Patients with uncontrolled blood
sugar levels can be immunocompromised due to the negative
effects of the hyperglycemic state [19]. This will result in im-
mune system dysfunction due to impaired neutrophil func-
tion, impaired antioxidant system, and humoral immunity [20].

In addition to the above management strategies, rehabilita-
tion management in the form of exercise is also considered
to have a positive effect on patients with DFU [21]. Although
the literature is still sparse, non-weight-bearing exercise has
shown a positive effect on reducing wound size in DFU and
did not show negative effects during the intervention [21]. In
addition, some literature also shows that other modalities can
be considered as DFU therapies. LLLT, a therapeutic modality
that uses photon energy, is considered to have good results
in wound recovery [14]. In LLLT, also referred to as photobio-
modulation, biological tissues are exposed to low-energy la-
ser irradiation, with only minor thermal consequences [22].
Although the exact mechanism of action of LLLT was initial-
ly unknown, recent research suggests that chromophores
and signaling pathways can play a role in how well the treat-
ment works [14,23]. LLLT is one of the non-invasive therapies
commonly used in medical rehabilitation practice. LLLT has
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almost no adverse effects and seems to be one of the prom-
ising therapeutic options in DFU. LLLT can trigger cell prolifera-
tion, fibroblast migration, re-epithelialization, and improve mi-
cro-circulation [5-7,22]. LLLT also has anti-inflammatory and
antibacterial effects on the wound [24].

Photons from LLLT are absorbed by chromopores at the molec-
ular and cellular level, which will lead to increased recruitment
of growth factors and cytokines [7,25]. In addition, it can also
cause activation of cellular signalling, thus triggering protein
synthesis, cell proliferation, differentiation, and cellular mi-
gration [5]. LLLT can increase the production of adenosine tri-
phosphate, cyclic adenosine monophosphate, reactive oxygen
species, nitric oxide, and calcium, all of which have important
roles in triggering cellular signaling [16,23,24].

The potential benefits of LLLT for treating DFU may stem from
its impact on multiple cellular processes and molecular routes.
When used to treat DFU, LLLT can change the extracellular ma-
trix and collagen formation, attract growth factors and cyto-
kines, and affect the migration, proliferation, and differenti-
ation of several cell types. Chronic hyperglycemia in patients
with diabetes causes an imbalance in the levels of metallopro-
teases, which in turn causes the extracellular matrix to be ex-
cessively broken down, the skin’s tensile strength to decrease,
and wound healing to be delayed [6].

LLLT has been demonstrated to promote collagen synthesis in
a number of research models, such as mouse diabetic injured
fibroblasts and mouse surgical wounds. It is feasible that LLLT
will help treat DFU by stabilizing the extracellular structural
support needed to let diabetic patients’ wounds heal. Important
cytokines and growth factors may be attracted by LLLT in or-
der to promote wound healing. LLLT promotes the expression
of factors that control cell division, migration, survival, and
wound healing, including platelet-derived growth factor, trans-
forming growth factor-beta, basic fibroblast growth factor, in-
terleukin 1 and interleukin 8, and macrophage phagocytic ac-
tivity. The recruitment of these essential growth factors and
cytokines can play a significant role in the repair of DFU [6,14].

In the patient presented in this case report, wound improve-
ment was observed, with a significant reduction in wound size.
The patient received LLLT therapy with routine wound care for
12 weeks. With uncontrolled glucose levels, the photobiomod-
ulation effect of LLLT was able to show good results in this pa-
tient. There are many therapeutic options that can be given to
patients with diabetic foot ulcer. We chose LLLT, due to various
considerations. starting from internal factors as well as exter-
nal factors from the patient. Patient preference becomes very
important, and psychological considerations and patient costs
are also taken into consideration. When compared with other
therapies, LLLT is classified as an inexpensive therapy that is
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less invasive, is easy to perform, has low adverse effects, and
does not cause pain during therapy. Based on these consider-
ations, we chose LLLT for this patient.

During therapy, our patient was under the supervision of an en-
docrinologist and remained on diabetes medication. However,
at the end of therapy, the patient’s blood sugar level was still
not controlled. This can be due to many factors, including diet,
lifestyle, and patient adherence to medication. Identification
and approach to these factors can also help to improve the
patient’s blood sugar levels.

A viable therapy alternative for patients with uncontrolled di-
abetes appears to be LLLT. Sixteen patients with uncontrolled
diabetes and DFU were split into 2 groups in a randomized
controlled trial study conducted by Feitosa et al in 2015. Both
groups received standard wound care management, while
1 group additionally received LLLT therapy, with a 632.8 nm
wavelength and a 4 J/cm? fluence. For 4 weeks, 3 treatments
per week totaling 80 s each were administered. Compared
with that of the control group, the LLLT group’s wound size
and pain levels significantly decreased (P<0.05), according to
the data [14].

Another study by Ruh et al examined the possible effects of
LLLT on a case series including 8 patients with DM who had
pressure ulcers of grades Il and IV. The authors used a 100
mW laser at 660 nm and a total fluence of 2 J/cm? to admin-
ister LLLT. According to their findings, the wound area treat-
ed by LLLT significantly improved, and pro-healing factors, in-
cluding vascular endothelial growth factor (angiogenesis) and
TGF increased, while TNF (a pro-inflammatory factor) dropped.
These findings imply that the improvement brought about by
LLLT can be linked to elements that speed up the healing of
wounds [26].

Conclusions

DFU is one of the complications that can affect the quality of
life of a person with DM, with increased amputation poten-
tial that can reduce functional capacity. DFUs in patients with
uncontrolled blood sugar levels usually do not respond well to
conventional wound care therapies. The patient in this case re-
port had a DFU with uncontrolled blood sugar levels, with an
HbA1C of 7.3%. After receiving LLLT and wound care with nor-
mal saline dressing for 12 weeks, the patient’s wound showed
significant improvement in size and depth. In patients with un-
controlled blood sugar levels, LLLT can be a promising thera-
peutic option through specific biological mechanisms that ac-
celerate the wound healing process. Further research is needed
on whether the administration of LLLT can affect hyperglyce-
mic conditions in patients with DM.
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