
A

I

o

M
I
p
b

m
1

w
R
a
t
C
s
©

K

1

o

c
f

p
u

u

0
d

The Foot 16 (2006) 184–187

Successful treatment of diabetic foot ulcers
with low-level laser therapy
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bstract

ntroduction: Diabetic foot ulcers, being notoriously difficult to cure, are one of the most common health problems in diabetic patients.
There are several surgical and medical options already introduced for treatment of diabetic foot ulcers.
Low-level laser therapy (LLLT) has been suggested as a promising treatment option for open wounds. However, there is very little work

n the efficacy of low-level laser therapy for this type of open wounds.
We report herein seven cases of grades II and III diabetic foot ulcer completely treated with LLLT.
aterials and methods: Seven Type 2 diabetic patients (four males: mean age, 63 years; three females: mean age, 61.14 years) with grades

I and III diabetic foot ulcers were treated with low-level laser therapy. The mean duration of diabetes was 10.5 years and the ulcers were
resent from average 6.5 months ago. The mean value for glycosylated hemoglobin (HbA1C) also was 8.14 mg/dl (range: 6–12.2) and foot
lood flow in Doppler ultra-sonography were normal.

We used low-level laser therapy through local irradiation of the ulcer bed with red light (660 nm; power: 25 MW; 0.6–1 J/cm2) and ulcer
argins with infrared laser (980 nm; power: 200 MW; 4–6 J/cm2), along with intravenous laser irradiation with red light laser (650 nm; power:

.5 MW) for 15–20 min, in addition to laser acupuncture with infrared laser (1 J/cm2) for LI-11, LI-6, SP-6, PC-6, ST-36 and GB-34 points.
Sessions were every other day for 10–15 sessions (Route 1) and then continuing the course twice weekly (Route 2) until complete recovery

as achieved.
esults: After approximately 19 sessions (mean Route 1 sessions ≈15; mean Route 2 sessions ≈10), complete recovery was achieved in
ll cases and there was no relapse or other problem with ulcers after approximately 6 months (range: 2–10 months) of follow-up. With this

reatment regimen, there were no side-effects reported by the patients.
onclusion: Low-level laser therapy could be a safe and effective method for treatment of diabetic foot ulcers. Clinical trials with higher

ample size are proposed to more evaluate the efficacy of low-level laser therapy in treatment of this type of wounds.
2006 Elsevier Ltd. All rights reserved.

; Grade

i
v
t
o
m
s
a

p

eywords: Low-level laser therapy; Diabetic foot ulcer; Laser acupuncture

. Introduction

Diabetic foot ulcers, being notoriously difficult to treat, are
ne of the most common health problems in diabetic patients.

These ulcers due primarily to disturbed microcirculation
ause considerable morbidity and expense. Their significance
or the individual, as well as for society, is evident [1–4].

There are several surgical and medical conservative thera-
eutic options already available for treatment of diabetic foot

lcers [5].

During past 30 years, low-level lasers have been widely
sed in medical fields. Recently, there has been an increase
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s II and III ulcers

n the clinical applications of low-level laser irradiation in
arious therapeutic fields. One of the most important func-
ional aspects of laser therapy is photobiostimulatory effects
f low-level lasers on various biological systems especially
icrocirculation; this is based on the effects of low inten-

ity lasers, often described as lasers with less than 500 MW
verage power [6–10].

Low-level laser therapy (LLLT) has been suggested as a
romising treatment option for open wounds. However, very
ittle is reported on the efficacy of low-level laser therapy for

iabetic wounds.

We report herein seven cases of grades II and III diabetic
oot ulcers completely healed by LLLT as an alternative ther-
peutic method to routine medical conservative treatment.

mailto:y.jahangiri@googlemail.com
dx.doi.org/10.1016/j.foot.2006.05.004
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. Materials and methods

Seven Type 2 diabetic patients (four males: mean age,
3 years; three females: mean age, 61.14 years, S.D.: 12.13)
ith grades II and III diabetic foot ulcers according to Braden
cale [11], refractory to conventional treatments were treated
ith low-level laser therapy. The mean duration of diabetes
as 10.5 years and the ulcers were present from an average
f 6.5 months. The mean value for glycosylated hemoglobin
HbA1C) also was 8.14 mg/dl (S.D.: 1.93, range: 6–12.2) and
oot blood flow in Doppler ultra-sonography were normal.

The patients’ characteristics are shown in detail in Table 1,
nd the overall data are reported in Table 2.

We used low-level laser therapy through local irradia-
ion of ulcer bed with red light (660 nm; power: 25 MW;
.6–1 J/cm2, Mustang 2000, Moscow, Russia) and ulcer mar-
ins with infrared laser (980 nm; power: 200 MW; 4–6 J/cm2,
ustang 2000, Moscow, Russia), along with intravenous

ed light laser (655 nm, 2 MW for 20 min) (a fibre optic
aser conduit inserted via a needle placed on forearm in

edian cubital vein) and laser acupuncture with infrared
iode laser (1 J/cm2) for LI-11, LI-4, SP-6, PC-6, ST-36
nd GB-34 points every other day. Sessions were every
ther day for 10–15 sessions (Route 1) and then continuing
he course twice weekly (Route 2) until complete recovery
chieved.

. Results

During an average of about 19 sessions (mean Route 1
essions ≈15; mean Route 2 sessions ≈10) of low-level laser
rradiation, complete recovery (Fig. 1) achieved in all cases
nd there was no relapse or other problem with ulcers during
verage of about 6 months (range: 2–10 months, S.D.: 2.67)
f follow-up.

Except for one of cases that, because of very extensive
lcer area and low responsiveness, took a total of 26 sessions
f Route 1 low-level laser irradiation, the rest of patients
eceived up to 15 sessions of the profile.

With this treatment regimen, there were no side-effects
eported by the patients in this period.

. Discussion

Diabetic foot problem due primarily to neuropathy and
esulting microcirculatory damage imposes considerable
orbidity and costs to the individuals as well as for soci-

ties [1–4].
The exact pathophysiological mechanisms for this condi-

ion have not yet been elucidated. However, increased cap-

llary permeability and decreased reactivity of arteriols to
arious stimuli are already proposed [12–15].

Early research suggests that laser therapy may have a role
n hastening wound healing. Attempts have been made to use Ta
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Table 2
Patients overall data

Number Minimum Maximum Mean S.D.

Age 7 44 76 61.14 12.130
Diabetes duration 7 1.50 15.00 10.7857 4.58128
HbA1C 7 6.00 12.20 8.1400 1.92852
FBS 7 68 209 143.86 46.182
BMI 7 25.16 31.60 28.7871 2.56146
HWR 7 0.94 1.13 1.0643 0.06876
TG 7 117 190 148.57 28.378
LDL/HDL 7 1.19 5.29 2.7829 1.48944
Ulcer area 7 49 2400 476.14 855.043
Ulcer duration 7 6.0 8.0 6.857 0.8997
Max ulcer height 7 0.0 5.0 2.286 1.7995
Route 1 sessions 7 10 26 14.57 5.350
Route 2 sessions 7 0 12 4.00 5.292
Follow-up period 7 2 10 6.14 2.673
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bA1C: glycosylated hemoglobin, FBS: fasting blood sugar, BMI: body ma
DL: high-density lipoprotein, LDL/HDL: LDL-to-HDL ratio.

elium neon, CO2, and KTP lasers in encouraging wound
ealing in diabetics [16].

In spite of the extensive work for effectiveness of low-
evel laser therapy in wound healing process, very little work
lready exists for application of this complementary thera-
eutic method for diabetic ulcers, especially in diabetic foot
atients.

Schindl et al. reported the first case of diabetic foot patient
reated with low-intensity laser therapy in 1999 and proposed
hat this therapeutic method might constitute a useful side-
ffect-free alternative treatment modality for the induction of
ound healing of neuropathic ulcers in diabetic patients [17].
Since then, some researches have been oriented to appli-

ation of low-intensity lasers for treatment of diabetic foot
lcers. But contradictory results have been achieved through
ifferent research plans.

Cullum et al. in a systemic review concluded that there is
enerally insufficient reliable evidence to draw conclusions
bout the contribution of laser therapy to chronic wound heal-
ng [18].
ATPase activity changes, long-term erythrocytes mem-
rane proteins as well as lipid bilayer structural changes, and
esulting change in membrane ion pumps activities [19], res-

p
t

Fig. 1. A diabetic foot ulcer; beginning of low-level laser t
, HWR: hip-to-waist ratio, TG: triglyceride, LDL: low-density lipoprotein,

iratory burst of neutrophils through activation of Protein
yrosine kinase and phospholipase C [20], dose-dependent
riming of polymorphonuclear leukocytes [21] have all been
entioned concerning cellular mechanism of action of low

ntensity laser irradiation.
A previous study of laser biostimulation on wound healing

n diabetic mice suggests that such therapy may be of great
enefit in the treatment of chronic wounds that occur as a
omplication of diabetes mellitus [22].

Also, improvement of skin circulation in patients with dia-
etic microangiopathy has been reported [23] and low-level
aser irradiation has been shown to accelerate collateral cir-
ulation, enhance microcirculation [24] as well as relaxation
f vascular smooth muscle [25].

Our work although was not a mono-laser method, and
omposed three separate lasers, including laser acupunc-
ure, but cure of all diabetic feet in about 1.5–2 months
ives us hopes for opening new horizons in treatment of dia-
etic foot ulcers as already known to be refractory chronic
lcers.
However, more clinical and experimental studies are pro-
osed to be needed to describe a distinct laser profile for
reatment of diabetic foot ulcers in suffering patients.

herapy (A), and in the end of treatment period (B).
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