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Abstract  

Diabetic peripheral neuropathy (DPN) is known to be a  
severe longterm sequelae of diabetes mellitus (DM) and  

correlated with high morbidity and mortality. There's no  
widely agreed optimal method for its treatment. Monochro-
matic Infrared Photo Energy (MIRE) and Low Level Laser  
Therapy) LLLT) are relatively new modalities of light used  

to boost the velocity of nerve conduction (NCV), minimize  

pain and increase peripheral circulation.  

Purpose:  The objective of this study was to compare the  

effect MIRE versus LLLT in DPN on NCV, pain, and daily  
living function (ADL) activity.  

Material and Methods:  Thirty patients with DPN, type 2  
diabetes (T2DM) with neuropathic pain, particularly in the  

lower limbs, were recruited at (56.29 ±2.98) years of age. Any  
of the patients had 10 to 15 years of DM. They were split into  
two groups: Group A (15 patients) had MIRE applied to each  
limb for 40 minutes. Group B (15 patients) had LLLT applied  
to each limb for 20 minutes. All patients were subjected to  
various physical assessment tests, including a questionnaire  
on NCV, pain and quality of life (QOL), both assessed before  

and after treatment.  

Results:  Significant changes in NCV, pain and functional  
ADL (p<005) have been reported in each community following  

treatment. However, there were no significant differences  

between the 2 posttreatment groups (p>0.05).  

Conclusion:  MIRE and LLLT are both effective in im-
proving deep peroneal nerve neuronal activity, decreasing  
pain and improving activity of daily living (ADL) in DPN.  
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Introduction  

DIABETIC  peripheral neuropathy (DPN) is con-
sidered one of the most severe long-term microv-
ascular sequalae of diabetes mellitus (DM) that  

affects up to 50 percent of patients with diabetes  

(Edwards et al., 2014). It is a late finding for type  

1 DM but could be an early finding for type 2 DM  
(T2DM) (Verrotti et al. 2014).  

While it affects all nerve fibers, small myeli-
nated and unmyelinated Fibers that transmit pain  

and temperature are more affected (Clin 2015).  

DPN also causes disturbances in posture, foot  
ulceration, infection and even amputation, distur-
bances in sleep pattern, mood and quality of life  

(QOL) in addition to pain and numbness in the  

extremities; Both of which contribute to high  

health-care resource use (Prompers et al., 2008).  

DPN treatment is actually only symptomatic,  

relieving pain only by analgesic; it is associated  
with side effects and will not avoid the development  
of the initial pathologic cycle (Leonard, Farooqi,  
and Myers 2004). Nonpharmacological sympto-
matic treatments including acupuncture (Zinman  
et al., 2004) static and pulsed magnetic field ther-
apies (Tavakoli et al., 2008) and various electro-
therapies (Young et al., 1992) have been suggested.  

Monochromatic infrared photoenergy (MIRE)  
and lowlevel laser therapy (LLLT) are relatively  

recent types of light energy used for DPN manage-
ment (Robinson et al., 2017).  

How MIRE does produce its biological effects  

is uncertain. One theory is that hemoglobin (Hb)  
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photo stimulation enhances the release of nitric  

oxide (NO), leading to an improvement in blood  

flow (Maddigan, Feeny, and Johnson 2005). An-
other biological effect may be to increase the cell  

metabolism by stimulating the production of mito-
chondrial adenosine triphosphate (ATP) (Vsm,  
Sofat and Kumar s.d.). The LLLT mechanism of  

action is related to the cell's ability to affect normal  

ATP production by absorbing the photon and con-
verting the energy into ATP by forming singlet  

oxygen, reactive oxygen species or NO (Harkless  

et al., n.d.).  

This study aimed to compare the effect of MIRE  
versus that of LLLT on the velocity of nerve con-
duction (NCV), pain and activity of daily living  
(ADL) in DPN.  

Subjects and Methods  

Study population and study design patients and  
methods:  

This prospective cohort study was conducted  

in 30 patients (13 males and 17 females) with type  

2 DM for 10 to 15 years, mainly with DPN in the  
lower limbs. All had their blood sugar regulated  

on oral hypoglycemic drugs with a HbA1C varying  

from 6 per cent to 7 per cent. The age of the patients  

ranged between 50 and 65 years. They all suffered  

clinically from glove and stock numbness, hy-
poesthesia, burning pain, foot spasm and lower  
limb muscle weakness.  

Patients with severe intolerable pain, non-DM  

neuropathy, musculoskeletal deformities, severe  
cognitive dysfunction, other neurological problems  
such as hemiplegia, unstable heart disease, uncon-
trolled hypertension and insulin dependent diabetes  

mellitus were excluded from the study. Patients  

were recruited from the Faculty of Physical Ther-
apy's ambulatory clinic and the Coptic Hospital.  
Prior to the analysis, the protocol was appropriately  
guided and an informed written consent form from  

all participants was obtained.  

The research procedure conformed to the ethical  

principles of the Helsinki Declaration of 1975, and  
was accepted by the Internal Medicine Department's  

Local Ethical Committee, Cairo University. Sub-
jects were randomly divided into two groups:  
Group A (15 patients) received MIRE and LLLT  

received in Group B (15 patients). For MIRE,  
Anodyne therapy system (ATS) a noninvasive,  
drug free device that delivers MIRE through infra-
red light emitting diode, with a wave length of  

890nm, that are mounted in flexible therapy pads  
was used. Pads contain infrared diode (electronic  
devices with two electrodes) that emit pulsed near-
infrared irradiation was placed on the skin(Profile  

2015). (Maddigan et al., 2005). Patients received  

three sessions per week, for 12 sessions for a  
duration of 40 minutes per session. Pads were  

placed in direct contact with 4 pads, 2 for each  

foot one on forefoot and other on heel and cables  
connected to the base unit (Michael J. Aminoff,  
M.D., D.Sc. 2012).  

Laser form was used in FotLLL, ASA Laser  

Bravo Terza Series. The system emits a mixed light  
(HeNe wavelength 632.8nm, continuous and IR  
wave length 780905nm, pulsed) with both helium  
neon and infrared (IR) laser. The system discharges,  

in a carefully regulated and recommended manner,  

a uniform irradiation of a fairly wide area (Khanna  

et al., 2012) [18] .  

For 12 sessions, the patients received three  
sessions per week. The patient was placed in a  
supine lying position, completely relaxed and  
supported by alcohol washing the area of the laser  
application on the leg and foot.Laser radiation  

delivery continued for 20min. The energy at 10  
joules/cm was measured and the frequency was  
2600 Hz (Michael J. Aminoff, M.D., D.Sc. 2012).  

Neuropack plus version 1.59, NHON KOHDEN  
was selected with a four-channel electrode diag-
nostic device and designed amplifier to test NCV  
amplitude, distal deep peroneal nerve latency for  

both lower limbs (Lavery et al., 2008).  

Peroneal NCV was measured with standard  

electrodes at the surface.The active electrode was  

positioned over the anterolateral part of the foot's  

proximal mid tarsal region, and the reference elec-
trode was placed on the small toe and the ground  

electrode on the lateral or medial malleolus (Gil-
christ and Sachs 2004).  

VAS (Visual analog scale) was used to measure  

the severity of perceived pain. A 10-cm line was  

given to the patient and he was asked to draw on  

the line the pain severity he experienced. The left  

end of the line was "no pain at all," and the right  

end of the line was "the worst pain you can imag-
ine". The position of the patient on the line was  
then measured with a ruler (in centimetres).  

The VAS has been considered a reliable and  

accurate instrument for quantifying perceived pain  
(Bjordal et al., 2008).  
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QOL was measured by a score of 39/D39, con-
sisting of 39 items in five domains: Energy and  
mobility (15 items), diabetic control (12 items),  

anxiety and worry (4 items), social and peer burden  
(5 items), and sexual function (3 items) (Masakado  
et al., 2008). Patients were assessed before and  

after 12 treatment program's sessions.  

Data were interpreted statistically in the form  

of a mean, standard deviation mean ±  SD, using  
descriptive statistics. Statistical research was per-
formed using version 20 of SPSS for Windows  
(SPSS, Inc., Chicago, IL). MANOVA was used to  
distinguish between the two classes by using infer-
ential statistics in the form of 2 ambient mixed  

architecture. For all measures the degree of signif-
icance was 0.05.  

Results  

There was no statistically significant difference  

(p>0.05) between the two studied groups as regards  
all demographic and clinical pretreatment data  

(Table 1).  

The mean VAS values ±  SD pre and posttreat-
ment were 7.5 ± 1.01 and 2.35 ±0.49 for group (A)  
(p-value=0.0001 *) and 7.78 ±0.89 and 2±0.55 for  
group (B) respectively (p-value=0.0001 *).  

The mean QOL scale values ±  SD pre and post-
treatment were 4.62 ±0.16 and 7.44±0.17 in group  
A (p-value=0.0001 *) and 4.60±0.16 and 7.46±0.17  
in group B (p-value=0.0001*) respectively.  

NCV mean values ±  SD preand posttreatment  
were 8.02±3.6 and 41.25±2.71 in group A (p-value 
=0.0001 *) and 40.44±2.77 and 42.77± 1.95 in group  
B (p-value=0.0001 *), respectively.  

The initial pretreatment measurements obtained  

from all patients in both groups showed that there  
was no statistically significant difference between  

the two groups with respect to NCV of the deep  
peroneal nerve, VAS, Diabetic D39 QLS.  

Following the application of the MIRE to group  

A and the LLLT to group B (post-treatment), there  

was a significant improvement in NCV (amplitude,  
distal latency and conductive velocity) of deep  

peroneal nerve in both feet, decrease in pain inten-
sity rates in both feet, and an extremely significant  
improvement in functional ADL provided by VAS  
and QOL in groups A and B.  

Multiple pairwise comparison tests (Post hoc  

tests) revealed that there was no significant differ-
ence of the mean values of the "post" test between  

both groups regarding VAS, QOL and NCV with  
(p=0.084) (p=0.747) (p=0.102), respectively.  

The application of the DPN physical therapy  

system to two groups showed significant difference  

across all variables. For each group (A and B) there  
was statistically significant difference between  

pre- and posttreatment but there was no statistically  

significant difference between groups (A and B).  

Table (2) displays the effects of dependent  

sample t-tests comparing pain, QOL scale and  

NCV outcomes pre to 4 weeks within the interven-
tion groups. These results show that in each cate-
gory there are statistically significant changes in  

NCV, pain, and functional ADL (p<005). After 12  
weeks of counseling, however, no major variations  

were reported between the two treatment modes  

after 12 weeks of therapy ( p>0.05).  

Table (1): Demographic date of group and group B.  

Group A  Group B  Comparison  
Items  S  

Mean ±  SD  Mean ±  SD  t-value  p-value  

Age (yrs)  56.06±2.81  56.33±3.15  –0.244  0.809  NS  

Body mass (Kg)  91.2±6.06  91 ±5.52  0.094  0.925  NS  

Height (cm)  169±9.58  166.86±7.56  0.677  0.504  NS  

Duration of illness (5-15 years)  11.13±2.19  10.8±2.24  0.877  0.411  NS  
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Table (2): Comparison between group A and group B before after treatment.  

Pre treatment  Post treatment  
MD  % of change  p-value  

Mean ±  SD  Mean ±  SD  

VAS  Group A  7.5± 1.01  2.35 ±0.49  5.14  68.5  0.0001*  
Group B  7.78 ±0.89  2±0.55  5.78  74.2  0.0001*  
MD  –0.28  0.35  
p-value  0.437  0.084  

Quality Life Scale  Group A  4.62±0.16  7.44 ±0.17  –2.82  61  0.0001*  
Group B  4.60 ±0.16  7.46±0.17  –2.85  62  0.0001*  
MD  0.02  –0.02  
p-value  0.824  0.747  

Amplitude of right deep  Group A  1.1±0.21  1.7±0.36  –0.6  54.5  0.0001*  
peroneal nerve  Group B  1.29 ±0.27  1.8±0.36  –0.5  38.75  0.0001*  

MD  –0.19  –0.1  
p-value  0.051  0.473  

Amplitude of left deep  Group A  1.1±0.57  1.93 ±0.64  –0.83  75.4  0.0001*  
peroneal nerve  Group B  1.12 ±0.46  1.87±0.53  –0.75  67  0.0001*  

MD  –0.02  0.06  
p-value  0.929  0.786  

Distal latency of right deep  Group A  6.1±0.70  4.76 ±0.73  1.34  22  0.0001*  
peroneal nerve  Group B  6.09 ±0.61  4.84±0.52  1.25  20.5  0.0001*  

MD  0.01  –0.08  
p-value  0.957  0.742  

Distal latency of left deep  Group A  6.15±0.91  4.89 ±0.69  1.26  20.5  0.0001*  
peroneal nerve  Group B  5.89 ±0.77  4.77±0.70  1.11  18.8  0.0001*  

MD  0.26  0.12  
p-value  0.422  0.653  

Nerve conduction velocity of  Group A  38.02±3.6  41.25 ±2.71  –3.22  8.4  0.0001*  
right deep peroneal nerve  Group B  40.44 ±2.77  42.77± 1.95  –2.32  5.7  0.0001*  

MD  –2.41  –1.51  
p-value  0.058  0.102  

Nerve conduction velocity of  Group A  36.86±2.54  40.6 ±2.23  –3.73  10.11  0.0001*  
left deep peroneal nerve  Group B  38.12 ±4.72  42.34± 1.90  –4.21  11.04  0.0001*  

MD  –1.26  –1.74  
p-value  0.386  0.035*  

Significant level is set at alpha level <0.05. SD : Standard deviation  
MD: Mean difference. p-value  : Probability value.  

Discussion  

DM is a metabolic condition described as hy-
perglycemia due to insulin secretion abnormality,  
action or both (Hunt 2011). This chronic hyperg-
lycemia is associated with longterm damage to  
multiple organs, in particular to the skin, kidneys,  
nerves, heart and blood vessels (Boulton et al.,  

2005). Strict regulation of DM is the only tested  
solution to preventing DPN and its complications  

(Farmer, Li, and Dobrowsky, 2012). When DPN  
is established there are few clear treatment ap-
proaches available (Kazemi-Khoo, 2006).  

The current study aimed to compare the effects  
of MIRE versus LLLT on NCV, pain and functional  
ADL in DPN. Regarding MIRE, the results revealed  

that there was a significant reduction in VAS,  
increase of QOL scale and increase of NCV post  
treatment (p-value=0.0001).This was found in  
agreement with Harkless et al., who reviewed the  

medical records of 2239 patients with proven DPN  

to decide if MIRE was associated with increased  

sensitivity to the foot and reduced neuropathic  
pain. Their findings showed an increase of 66  
percent in the number of needless regions, 53  

percent no longer had protective sensation loss  

and 67 percent had VAS pain reduction (Harkless  

et al. n.d.). Tarek Ahmed et al., 2012 examined the  

impact of MIRE on pain relief, sensation enhance-
ment, and improved DPN control and showed  

statistically significant changes in all after 12  

sessions (Ammar 2012). Kochman et al., recorded  
that most DPN subjects had improved sensation  
after 6 MIRE sessions, and after 12 treatments, no  
subject continued to experience an absent sensation  

of hot/cold (HC) (Kochman, Carnegie, and Burke  

2002).  

Powell et al. (2004) also published on 68 ageing  
DPN patients to decide whether restoring sensation  
via MIRE would minimize foot ulcer incidence.  
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The recorded incidence of recent foot wounds  

after an average period of 12.5 months was 1.5  

percent compared to the estimated incidence of  
7.3 percent in the Medicare population ( p<.0001)  
(Powell, Carnegie, and Burke n.d.).  

The American Medical Association (2008) sup-
porting these results showed that after MIRE, the  

sensory loss at the foot had greatly improved by  

400 percent vs 40 percent after placebo. This  

percentage difference or factor had infused confi-
dence that lower amputation of the extremity could  
potentially be avoided (Anon n.d).  

MIRE facilitates healing of diabetic foot ulcers  
by increasing NO concentration in the blood stream,  

inducing dilation in the foot blood vessels (James  

et al., 2004). Chen et al., found evidence that NO  
release occurs after exposure to low levels of red  

and near IR light. MIRE tends to speed up healing  
at places where the MIRE pad is located (Chen et  

al., 2011). Chukuka (2004) demonstrated that light  

energy is consumed especially in the mitochondria  
by endogenous chromophores and used for the  
synthesis of ATP. This ATP is then used to drive  

metabolic processes required to repair or regenerate  

components of cells and tissues [37] . Burke et al.,  
2003 showed an increase in microcirculation, cal-
culated at the surface of the skin using a scanning  
laser Doppler; the increase starts within min of  

MIRE exposure, is significant (10-fold increase)  

after 20-30min and persists for up to one hour  

(Burke 2003). Unlike these results, Clifft etal  
showed in 2005 that MIRE did not provide im-
provement in peripheral sensation compared to  
sham treatment. Results showed that from stage 1  

to stage 2, there was a substantial sensory change  

of 5.07 SWM but no further important variations  

between sham and active care.They thus concluded  
that MIRE was no more effective than placebo and  

that MIRE was an unreliable modality in sensory  

dysfunction (Clifft et al., 2005). Additionally,  

Lavery et al., used the threshold of vibration per-
ception (VPT) as a method for distinguishing  
between sham and active therapy. For 90 days 60  

patients were able to complete the course at 40  

minutes a day They also concluded that MIRE was  

no more effective in treating sensory neuropathy  

than placebo therapy (Lavery et al., 2008). Nawfar  
et al., 2011 performed a randomized controlled,  
single blinded study where neuropathy was tested  
using MNSI, accompanied by a neurometer assess-
ment of the current perception threshold For a total  
of 12 injections, both feet were randomized to get  

either daily MIRE or placebo treatment. Data  
showed no substantial change in diabetic patients  

with neuropathic feet (Nawfar and Yacob 2011).  

In terms of LLLT tests, our analysis also showed  

a substantial reduction in VAS, an improvement  
in the QOL scale and an improvement in post-
treatment NCV (p-value=0.0001).  

Such findings are consistent with Abeer et al.  

(2014), who researched pain and decreased NCV  

in 30 DPN patients. They measured peak static  
and dynamic plant strain, peroneal NCV, amplitude  
and degree of pain before and after He-Ne laser  

on the foot planter surface and lumbosacral region.  
They find LLLT to be successful in improving  
NCV, relieving pain and redistributing the pressure  
of foot plantar in painful DPN (Yamany and Sayed  
2012).  

Cg et al., observed substantial reductions in  
pain using the VAS scale and large rises in temper-
ature from baseline to post-intervention LLLT in  

DPN (Cg et al., 2015). Rochkind found that laser  

enhanced the regeneration and recruitment of vol-
untary muscle function when applied transcutane-
ously to the nerve damage site (15min) and the  
corresponding spinal cord segments (15min). An  
fascinating hypothesis may be that the change in  

cutaneous blood flow could be replicated at the  
endoneural level by a similar trend, indicating that  

an increase in nerve blood flow may be a mecha-
nism by which laser causes peripheral nerve func-
tion change (Rochkind 2009).  

Carmelie has shown that the blood vessels and  
nerves use similar signals and principles to distin-
guish, expand and probably react synergistically  
to specific stimuli such as laser (Carmeliet 2003).  
Azovic et al. (2014) reported a significant improve-
ment in sensory nerve velocity(SNV), sensory and  

motor distal latencies after treatment with 830nm  
and 780nm He-Ne LLLT with intensity 3.6J/cm 2 

 

and 2.7J, 3.4J /cm2/point respectively in patients  
with carpal tunnel syndrome (Lazovic et al., 2014).  

Perić et al., indicated that LLLT had no signif-
icant direct effect on the peroneal nerve and ulnar  

nerve SCV and NCV of the DPN patients. This  
may be explained by the fact that they used a  

pointer laser with a wavelength of 904nm; which  

is stated to have no impact on the electrophysio-
logical parameters of either sensory or motor func-
tion in normal and injured sciatic nerve (Peri and  

Cvetkovi 2006). It's not known the exact mecha-
nism by which LLLT relieves pain. In vivo and in  

vitro studies have shown that 830nm lasers inhibit  
nerve fiber transmission, given the etiology for  
DPN pain via abnormal activation of weakened  
nerve fibers, it could require regenerating small  

diameter nociceptive fibres Laser therapy in the  
somatotopically associated dorsal horn should  
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block the irregular activity in the affected peripheral  

nerve, or block neurotransmission (Bjordal et al.,  
2008). Anders et al., suggested that LLT causes  

massive axonal sprouting and stimulates Schwann  
cell proliferation, which are key factors in success-
ful nerve recovery (Anders, Geuna, and Rochkind  

2004). Suggested mechanism of laser may be In-
creased activity of certain cells, such as leukocytes  

and phagocytes with increased calcium in the cell  
cytoplasm, association with cytochromes and stim-
ulation of redox activity in the cell respiratory  
chain, resulting in cell activation, accelerated cell  

division and development, activation of protein ,  
cytokine synthesis, Stimulation of ATP production,  

which increases the mitotic function of the cells;  
and relaxation of the vessel walls (vasodilatation)  
by photolysis of complexes such as nitric oxide  
may be suggested. (Klebanov et al., 2001).  

Bingol et al., who tested therapeutic efficacy  

of LLLT in 40 patients with shoulder pain and  
found no significant change in laser group pain,  
active range and algometric sensitivity compared  
to controls (Bingöl, Altan, and Yurtkuran 2005),  

published contradictory results.  

Similarly, Zinman et al., reported that LLLT  
had no effect on the Toronto Clinical Neuropathy  

Score, sympathetic skin response or quantitative  

sensory testing and concluded that their findings  

did not provide statistically relevant evidence to  

support LLLT for the treatment of painful symptoms  

as patients with DPN (Zinman et al., 2004).  

After MIRE and LLLT a statistically significant  

improvement was noted in both groups in all pa-
rameters whether pain, sensation or nerve conduc-
tion. Nonetheless Multiple pairwise comparison  
tests hoc tests) showed no substantial difference  

between the two groups with respect to VAS, QOL  
and NCV (p=0.084) (p=0.747) (p=0.102), respec-
tively; giving neither line of treatment an edge  
over the other in the treatment of DPN. However,  
combining both treatment lines could be an area  

for future studies, with the goal of producing better  
outcomes.  

Conclusion:  
MIRE and LLLT are important treatment mo-

dalities for DPN; help to relieve discomfort, and  

enhance sensation, muscle power, and NCV. This  
study concluded that both treatment lines would  

enhance neural function lost in DPN, but there is  

no proof of statistically meaningful superiority of  
one modality over the other. The combination of  
both for further progress in DPN physical therapy  

services may be an idea for future study.  
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