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Diabetes mellitus affects more than 15% of the US
population older than 65 years.1 The direct cost of
this illness, which affects more than 17 million peo-
ple, was recently estimated to be more than $91 bil-
lion annually, with more than half of this spent on
those older than 65 years.2 Lower-extremity foot
wounds and amputations represent a significant por-
tion of this cost.3, 4 Reductions in the incidence rates
of these conditions to minimize the human and finan-

cial burden associated with diabetic foot wounds and
amputations is one of the objectives of the US Sur-
geon General as stated in Healthy People 2010.5

Foot wounds are highly correlated with a loss of
sensation in the lower extremities. Peripheral neu-
ropathy is typically defined in a clinical setting as di-
minished sensation to the 5.07 Semmes-Weinstein
monofilament in the foot. Recently, the Centers for
Medicare and Medicaid Services determined that in-
sensitivity to the 5.07 Semmes-Weinstein monofila-
ment at two or more of five tested sites on either foot
is considered to be loss of protective sensation and a
localized illness of the foot.6 Diabetic peripheral neu-
ropathy is widely considered to be a very significant
risk factor for diabetic foot wounds,7 and lower-ex-
tremity ulcers occur much less frequently in diabetic
patients who do not exhibit peripheral neuropathy.8, 9
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Until recently, no treatments have been effective
in improving foot sensation after it has been compro-
mised owing to peripheral neuropathy. As a result,
physicians who treat these patients have only been
able to determine those who are at high risk of lower-
extremity ulcers and amputations and then to pre-
scribe accommodative risk-reduction strategies, in-
cluding patient education, frequent visits to their
physicians, orthotic devices for off-loading, and dia-
betic shoes. Unfortunately, patient compliance has
been less than exemplary, and these risk-reduction
strategies have met with sporadic success.10

Even after using risk-reduction strategies, patients
with diabetic peripheral neuropathy remain at higher
risk of lower-extremity wounds than those without
it. For example, Reiber et al,10 in their evaluation of
the effectiveness of diabetic shoes, reported that
more than 93% of all foot wounds during the study
occurred in patients with diabetic peripheral neu-
ropathy. (The incidence of wounds in their study
population was approximately 11%.)

Two recent studies11, 12 suggest that at least tempo-
rary increases in foot sensitivity to the 5.07 Semmes-
Weinstein monofilament can be documented follow-
ing the application of monochromatic infrared photo
energy (MIRE; Anodyne Therapy LLC, Tampa, Flori-
da) to diabetic patients who presented to their health-
care professionals with an already significant loss of
protective sensation associated with diabetic periph-
eral neuropathy. Another study13 of patients with pe-
ripheral neuropathy showed that use of MIRE was
associated with an increase in sensory nerve func-
tion based on testing conducted with the Neurometer
CPT sNCT (Neurotron Inc, Baltimore, Maryland). Al-
though one of these studies was randomized, double
blind, and placebo controlled12 and another used dou-
ble-blind neurophysiologic testing,13 the sample sizes
were comparatively small. The present article details
the improved foot sensation after treatment with
MIRE in 1,047 patients (790 with diabetes mellitus)
for whom sensory data had been collected in the
course of medical treatment.

Research Design and Methods

The insurance claims of two durable medical equip-
ment suppliers that offer the Anodyne Therapy Sys-
tem (Anodyne Therapy LLC), a piece of durable med-
ical equipment that delivers MIRE, were reviewed to
obtain a list of patients who had been treated with
MIRE in physicians’ offices and therapy clinics
throughout the United States. The suppliers removed
all patient identifiers in the data prior to submitting
them to the investigators for purposes of this review

and analysis. The Anodyne Therapy System delivers
MIRE through therapy pads, each containing 60 su-
perluminous diodes (890 nm of near-infrared wave-
length), which are attached to a control unit that puls-
es the MIRE at 292 times per second.14

Before providing the Anodyne Therapy System to
patients, these suppliers had received signed Certifi-
cates of Medical Necessity and chart notes (including,
in most cases, the baseline 5.07 Semmes-Weinstein
monofilament sensitivity value) from the attending
physicians. These data supported both a diagnosis of
peripheral neuropathy before and objective improve-
ment after the patient had received a course of MIRE.

The suppliers maintained a searchable database
containing a record of all claims filed, including Inter-
national Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) coding of the un-
derlying conditions for which the Anodyne Therapy
System had been ordered by referring physicians.
The database, excluding any patient identifiers, was
sorted to obtain a list of all patients who had a diag-
nosis of peripheral neuropathy based on ICD-9-CM
code 357. The list was then stratified to obtain a list
of those with type 1 or type 2 diabetes mellitus using
ICD-9-CM codes 250.61 and 250.62, respectively. The
period of inquiry was February 1, 2002, to January
23, 2004, and 2,070 patients treated with MIRE satis-
fied these criteria. Medical professionals who diag-
nosed peripheral neuropathy in their patients had
been provided with pretreatment and post-treatment
case report forms, which included a template of each
foot on which were indicated five plantar sites to be
assessed with the 5.07 Semmes-Weinstein monofila-
ment before and after the application of MIRE. The
five sites on the case report form were those recom-
mended for evaluation of foot insensitivity by the Na-
tional Institute of Diabetes and Digestive Diseases in
“Feet Can Last a Lifetime,”15 which had been incorpo-
rated into Centers for Medicare and Medicaid Services
Decision Memorandum CAG-00059 issued on October
17, 2001,6 and subsequently adopted in Centers for
Medicare and Medicaid Services Program Memoran-
dum AB-02-042 dated April 1, 2002. The suppliers had
further advised the health-care professionals of the
method of undertaking the Semmes-Weinstein mono-
filament evaluation consistent with “Feet Can Last a
Lifetime,” which included a “two-alternative, forced-
choice method of evaluation” that has been validated
as the most reliable method to test sensory input.16

The medical records on file with the suppliers includ-
ed 1,047 patient records containing completed case re-
port forms, as previously described, of bilateral foot
sensitivity data for the 5.07 Semmes-Weinstein mono-
filament before and after MIRE treatment.
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Statistical Analysis

The results were analyzed using the paired two-tailed
t-test with a null hypothesis that there would be no
change in sensitivity (either an increase or a decrease)
to the 5.07 Semmes-Weinstein monofilament following
use of MIRE. Significance was defined as P < .05.

Results

The mean age of the study population (513 men and
534 women) was 73 years (range, 51–93 years)
(Table 1). A total of 790 patients were diagnosed as
having diabetic peripheral neuropathy, and 257 pa-
tients were diagnosed as having peripheral neuropa-
thy associated with other etiologies. The mean num-
ber of sites insensitive to the 5.07 Semmes-Weinstein
monofilament (bilaterally; a maximum of ten sites
for both feet) was 7.9 before treatment and 2.3 after
treatment (P < .0001). Of 1,047 patients, 452 (43%)
exhibited insensitivity to the 5.07 Semmes-Weinstein
monofilament at all ten sites before treatment with
MIRE. At the conclusion of the initial MIRE treat-
ments, these patients experienced a mean ± SD de-
crease of 6.9 ± 2.7 sites insensitive to the 5.07 Semmes-
Weinstein monofilament, a 69% reduction in their
sensory impairment (P < .0001) (Table 2). A total of
580 patients experienced a restoration of protective
sensation after treatment with MIRE. Restoration of
protective sensation was defined as having less than
two sites on both feet insensitive to the 5.07 Semmes-
Weinstein monofilament after MIRE treatment
(Table 2).

Discussion

Until recently, peripheral neuropathy, particularly
that associated with diabetes mellitus, was thought
to be progressive and irreversible. Recent studies,11-13

conducted in relatively small populations, have
shown that symptomatic peripheral neuropathy is re-
versible with MIRE treatment. The present study
shows that improvement can occur in a larger study
population (1,047 community-dwelling patients with
peripheral neuropathy) treated in routine clinical
practice.

Notably, more than half of the patients who were
initially diagnosed as having loss of protective sensa-
tion (56.1%) obtained at least a temporary return of
protective sensation. Those with the most severe pe-
ripheral neuropathy (all ten sites insensitive to the
5.07 Semmes-Weinstein monofilament) had a striking
restoration of sensation.

Figure 1 shows the number of insensate sites be-
fore and after treatment in this group of patients. Be-
fore treatment with MIRE, most of the patients ex-
hibited a loss of sensation at nine or ten sites, and
75% of all patients had documented loss of sensation
at six or more sites. After treatment, 50% of patients
were insensate at none or only one or two sites and
75% were insensate at less than four sites. The change
in distribution of insensitivity graphically demon-
strates the MIRE treatment effect in this patient pop-
ulation.

The results of this analysis demonstrate that sen-
sory loss associated with peripheral neuropathy, even
when it has advanced to and beyond loss of protec-
tive sensation, is not necessarily irreversible. More-
over, most of these patients experienced a significant

Table 1. Demographic Characteristics of 1,047 Patients
with Established Peripheral Neuropathy 

Value

Sex (No. [%])
M 513 (49)
F 534 (51)

Diabetic peripheral neuropathy (No. [%]) 790 (75)
Nondiabetic peripheral neuropathy 257 (25)
(peripheral neuropathy associated
with other etiologies) (No. [%])

Age (mean ± SD) (years) 73 ± 8.3
Insensate sites (mean ± SD) (No.) 7.9 ± 2.4

Table 2. Foot Sensitivity to the 5.07 Semmes-Weinstein
Monofilament Before and After Treatment

Value

All patients (No.) 1,047
Pretreatment insensate sites 7.9 ± 2.4
(mean ± SD) (No.)

Post-treatment insensate sites 2.3 ± 2.4a

(mean ± SD) (No.)
Decrease in insensate sites 5.6 ± 2.7a

(mean ± SD) (No.)
Pretreatment patients with LOPS (No. [%]) 1,033 (98.7)

Post-treatment patients who regained 580 (56.1)
protective sensation (No. [%])

Post-treatment patients with LOPS 453 (43.9)
(No. [%])

Pretreatment patients with all 10 sites 452 (43)
insensate (No. [%])

Post-treatment insensate sites 3.1 ± 2.7a

(mean ± SD) (No.)
Decrease in insensate sites 6.9 ± 2.7a

(mean ± SD) (No.)

Abbreviation: LOPS, loss of protective sensation.
aP < .0001.
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response to MIRE treatment. Improvement in sensa-
tion seems to occur even in patients with totally insen-
sate feet (inability to sense the 5.07 Semmes-Weinstein
monofilament at all tested sites). Because diabetic
peripheral neuropathy is commonly associated with
lower-extremity wounds and amputations as well as
falls among people with diabetes mellitus, the sensory
improvement reported in this study may also be asso-
ciated with a decrease in these peripheral neuropathy–
associated comorbidities. In fact, a reduced incidence
of wounds has been reported in patients who have re-
ceived nerve decompression surgery that resulted in
improved sensory nerve function.17 If additional stud-
ies support a relationship between improvement in
sensory nerve function and a decreased incidence of
wounds or falls (ie, peripheral neuropathy–attribu-
table comorbidities), then interventions designed to
improve this condition might offer significant benefit
to these patients as well as a cost savings to the US
health-care system.3, 4

These observations and the conclusions derived
must be analyzed in the context of certain limitations
of the study design. For example, there was no con-
trol group against which the results of this study were
measured. However, when a disease such as diabetic
peripheral neuropathy is known to be progressive
and irreversible, the use of historical controls from
the published literature may be appropriate.18 In the
case of diabetic peripheral neuropathy, there have
been no reports of either spontaneous reversal of
this condition or efficacy of any nonsurgical inter-

vention. Furthermore, these data were obtained from
the records of patients who exhibited some improve-
ment in their neuropathic symptoms. The data do not
suggest that patients, before MIRE treatment, were
early in their course of peripheral neuropathy or that
they had a mild form of this condition. Rather, a sig-
nificant proportion of patients, more than 75%, had
well-defined peripheral neuropathy, a condition that
would be the least likely to spontaneously reverse or
to respond to pharmacologic treatment. However, we
acknowledge that we cannot generalize these results
to all patients with peripheral neuropathy. Clearly,
there may be some patients who would not respond
to MIRE treatment. Thus we conclude only that
these 1,047 patients obtained objective improvement
in foot sensitivity to the 5.07 Semmes-Weinstein
monofilament after treatment with MIRE.

We also cannot totally discount physician or thera-
pist bias, because the 5.07 Semmes-Weinstein mono-
filament, although objective, is only a patient-blinded
test. These studies were initiated in February 2002,
approximately 4 months after Medicare Decision
Memorandum CAG-000596 was issued and all health-
care providers had been made aware of its implica-
tions for their patients by the suppliers and relevant
professional associations. In addition, all of the pa-
tients knew that they were receiving active treat-
ment. However, it is unlikely that the more than 300
evaluators systematically misinterpreted the sensitiv-
ity to the 5.07 Semmes-Weinstein monofilament be-
fore and after MIRE treatment.

The 5.07 Semmes-Weinstein monofilament is the
most widely used testing method to clinically mea-
sure the existence of loss of protective sensation re-
sulting from diabetes mellitus and to implement
strategies to prevent foot ulceration and amputation.
Mayfield and Sugarman19 reported sensitivity of 85%
to 100% and specificity of 34% to 100% depending on
the number of sites tested and the testing method. In
addition, Semmes-Weinstein monofilament testing has
been reported to correlate with abnormal nerve con-
duction velocity testing, particularly as the extent of
nerve impairment progresses.20 However, the accura-
cy of this test depends on the method of testing and
the achievement of maximal response from an alert
and cooperative patient.19 To maximize the validity of
the test results, those performing Semmes-Weinstein
monofilament testing were given case report forms
adapted from “Feet Can Last a Lifetime,”15 which rec-
ommends measuring five sites on the plantar aspect
of the foot. In addition, these individuals were re-
minded to use the testing protocol contained in that
publication, which is a two-alternative, forced-choice
testing method that has been reported to minimize

Figure 1. Number of patients with sites (on both feet)
insensate to the 5.07 Semmes-Weinstein monofila-
ment before and after treatment.
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patient bias.16 Furthermore, this technique includes
random testing sites on the feet and the avoidance of
heavily callused and active wound sites.

Bias on the part of the evaluators should have been
further minimized because none of the results were
obtained with the goal of publishing the outcomes,
which on analysis are consistent with recent pub-
lished reports, one of which included randomization
and double blinding.11-13 Last, no multivariate analysis
of these data was possible because this was a post-
market analysis of the efficacy of MIRE treatment. Be-
cause there are no known treatments for diabetic pe-
ripheral neuropathy in particular or for peripheral
neuropathy in general, we cannot envision other vari-
ables that might have affected these outcomes.

Conclusion

Treatment with MIRE was associated with improved
foot sensation to the 5.07 Semmes-Weinstein mono-
filament in a cohort of 1,047 patients initially diag-
nosed as having peripheral neuropathy. The extent of
this improvement was substantial, even in patients
with advanced loss of protective sensation. Because
loss of protective sensation has been reported to be a
major risk factor for diabetic foot wounds, an im-
provement in foot sensitivity obtained through the
use of MIRE may also be associated with a reduced
incidence of diabetic foot wounds and its sequelae,
such as amputations.
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