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Current perception threshold through sinusoidal eletrical
stimulation at different frequencies in a comparatve assessment for
subjects affected and non-affected by diabetes miglis

Franassis B. Oliveira, Emerson Fachin-Martins, i€&& C.S. Couto-Paz, Henrique R. Martins,

Member, |EEE, Carlos Julio Tierra-Criollo

Abstract— Evidence of Current Perception Threshold (CPT)
to assess neural fiber function in healthy subjectsuggests
greater discrimination for stimuli at 1, 250 and 3@0 Hz than at
5, 250 and 2000 Hz. Similar data are not yet desbed for
subjects affected by diabetes mellitus. This studproposes to
provide a comparative database of parameters obtagd with
sinusoidal electrical stimulation applied at 1, 5250, 2000 and
3000 Hz in subjects affected and non-affected by ¢hdiabetes.
Ninety subjects were recruited to compose the cordt (n=45)
and diabetic (n=45) groups. The CPT intensities andhe
reaction times obtained for left and right feet stnulation show
responses characterized by weaker intensities (538 1671 pA)
and longer delays (1.24 to 1.42 s) at low frequees (1 and 5
Hz) than the intensities (3965 to 5685 pA) and defa (0.96 to
1.12 s) obtained at high frequencies (2000 and 3008z).
Moreover, the low frequency stimulation trials evoled up to
73% of the self-reports corresponding to C-fiber sesations
while high frequencies evoked up to 60% of the settports
related to AB-fiber sensations. Moreover, the subjects affected
by diabetes needed a stronger intensity of stimulamn current in
order to perceive consistently the sensations evakeby Ap-
fibers (hypoesthesia). In addition, the findings riaforce the
suggestion that the discrimination between sensatis related to
different neural fibers is increased for stimuli at 1, 250 and
3000 Hz for both groups.

. INTRODUCTION

Neural fibers can be classified by their size ilati@e or
small fibers according to different functions. Larfipers (6

to 12 um) mediate myotatic reflexes, touch, pressur

vibration and proprioception. Small fibers (0.2 Soum)
mediate sensation of temperature and pain,
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autonomic function I, 2]. Nerve conduction analyses are
breaking new ground by diagnosing and assessing
neuropathies and, in particular, the Current Pdimep
Threshold (CPT) — the weakest current intensityabégp of
evoking a perception — has been reported and siaghas a
screening tool to evaluate the damage of the ridrees in
the peripheral nervous systen3, [4]. In this context,
sinusoidal electrical currents can be used at reiffe
frequencies to test different fibers and sensati)s5].
Martins et al. §] presented findings obtained from healthy
individuals that show better discrimination fornstili at 1,
250 and 3000 Hz than normally applied at 5, 250 20@0
Hz. Given that the same findings were not preseoinf
subjects affected by diabetes mellitus, the prinaémy of this
study was to provide a comparative database ofmpeteas
obtained from sinusoidal electrical stimulation different
frequencies for subjects affected or non-affectmhifols)
by diabetes mellitus type 2, allowing a choicerefjuencies
that would promote better clinical discrimination.

Il. METHODS

A. Subjects

Forty-five subjects affected by diabetes mellityset 2,
ages between 56 and 85 years, were recruited o foe
diabetic group (table 1). A convenience samplingcpdure
was performed using subjects who attended a public
recruitment forum. Inclusion criteria included: (he
diagnosis of diabetes mellitus type 2 and (2) aimmh

gnition of 19 points evaluated by a modified i@rf the
Mini-mental state examination 6], All participants
presenting other types of disabilities were exctud&nother
45 subjects non-affected by diabetes mellitus weceuited
to compose a control group (table 1). All particitsa(n=90)
signed a consent form approved by the ResearclcEthi
Committee issued by the Foundation of Education and
Research in the Health Sciences, Distrito Fedgraitocol
number 160.752.

B. Procedures

The Michigan Neuropathy Screening Instrument (MNSI)
[7] was applied to identify diabetic peripheral nqaathy. In
this clinical scoring system, the subject has tichea score
equal or superior to 8 to be diagnosed as dialpetipheral
neuropathy. A NeuroStim Systerf] [was used to deliver
electrical stimulation following the procedures dmped by
Martins et al. §]. A sinusoidal current stimulation was
applied at frequencies of 1, 5, 250, 2000 and 389@o the
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skin over the hallux of the left and right feet farntrol and Values are presented by mean + the Standard Dawiati
diabetic groups. The subjects pressed a buttonh@ir t (SD). Wilcoxon Matched-Pairs Signed Rank Test diad n
dominant hand whenever they felt any somatosensotigtect significant differences (p>0.05) betweentiwds and

perception. Such information was used to deternthree
Current Perception Threshold (CPT) and the Readtiones
(RT).

Just after stimulation sequences, the subjects asked
to describe their perceived sensations in their owamds
(self-report). Those sensations were classifiecdsraall C-
fiber sensations (reported by terms like prick,gpawinge,
burn or other similar terms); large pAiber sensations

diabetic groups. The comparisons were made betwezn
control and diabetic groups for all frequencies 1,250,
2000 and 3000 Hz) and sides (left and right): BMBedy
Mass Index; MMS — Mini-Mental Score; MNSI — Michiga
Neuropathy Screening Instrument; CPT — Currentddian
Threshold and RT — Reaction Time.

A. Perceptions self-reported

(reported by terms like squeeze, pressure, movement In table 2, we observe a larger contingent of ciest

vibration or other similar terms) or combined sdioses.
Few subjects had no words to describe their peimepand
were classified as “Not reported” (table 2). Indhg the
self-report perceived after a low frequency stirtiata (1

perceptions for 1 than 5 Hz stimulations in the feét from
the control group. For the diabetic group, the icoy@Ent of
consistent perceptions obtained from 1 Hz was %% tlkan
that obtained from 5 Hz stimulation just in thet|lé&et.

and 5 Hz) should be associated to C-fiber sensgtiocomparing the contingent of consistent perceptairserved
whereas that one perceived after a high frequendy high frequency stimulations, we found a highentmgent

stimulation (2000 and 3000 Hz) should be associtiei3-
fiber sensations. Given that, each self-report goriisg the
expected association was defined as “consistentpton”.
The perceptions evoked after 250 Hz stimulatiossnaainly

related to A-fibers and their self-reported terms can b

confused with those describing C-fiber andp-ffoer
sensations. For this reasonp-fiber sensations were not
considered in this analysis.

The statistical inferences and the graphs werergtat
by GraphPad Prism 5 and differences were considehedh
the statistical test resulted in p<0.05. D'Agostiearson
test expressed a non-Gaussian distribution formhjerity of
the variables used in this work. Consequently, peliad a
non-parametric test for all analyse.

. RESULTS

A majority, 97.77% (n=44), in the control group anc

95.55% (n=43) in the diabetic group were composéd
women. Both groups included overweight senior pgdints
(25.00 < BMI < 29.99) with preserved cognition (MMSL9
points) as observed in table 1. The diabetic grdigbnot

of consistent perceptions from 3000 than 2000 Hzhim
right feet for both groups.

PROPORTIONS OF SEL4REPORTED PERCEPTIONS BY GROUPS
Perceptions Frequencies

TABLE Il

Groups Sensations  Side 1Hz 5Hz 250Hz 2000 Hz 3000 Hz
T left 3% 8%  60% 3%  49%
s right 3% 1% 8%  56%  42%
Ap-fber left 2%  42%  38%  47%  51%
right 27%  27% 2%  42% 4 56%
T 4% 0% 2% 0% 0%
right 0% 2% 0% 0% 2%
)0, 0, 0, 0, )0,
Notreported 0% 0% 0% 0% 0%
right 0% 0% 0% 2% 0%
- left Y62%  71%  49%  51%  56%
right 67%  73%  60%  60%  36%
SO T Apiber left 33% 2% 4%  47%  40%
R APIDE 33%  24%  40%  38% 4 60%
o et 2% 0% 0% 0% 0%
L. right 0% 2% 0% 2% 0%
0, 0, 0, 0, 0,
Notreported X& 2% 2% 2% 2% 4%

right 0% 0% 0% 0% 4%

0]

Values are presented for each group by percentafges
the sample separated in columns by frequencies, (250,
2000 and 3000 Hz). The images of the feet difféa¢amtthe

presented any subject diagnosed as diabetic peaiphecontrol (drawn in dark lines) from the diabetic gadn in

neuropathy, including MNSI scores ranging from 0@&o
points (MNSI < 8).

TABLE I. CHARACTERISTICS OF THE NOMFFECTED(CONTROL) AND
AFFECTED(DIABETIC) GROUPS
Characteristics Control Diabetic

Age (years) 65.89+5.65 68.51 +6.82

BMI (kg/mz) 25.89+3.79 26.27+6.72

MMS (points) 26.84=3.01 25.67+3,39

MNSI (points) Not Applied 427+4.04

CPT (pA) left right left right

631.50 = 356.30
1671.00 + 1213.00
2058.00 + 1092.00
4397.00 = 987.40
5194.00 + 1062.00

678.10+ 426.20
1218.00+ 676.20
2316.00 + 1520.00
4830.00 + 1062.00
5685.00 + 1132.00

571.00 = 312.50
1248.00 = 717.90
1882.00 = 801.80
4444.00 + 1534.00
4896.00 + 1522.00

1Hz
5Hz
250 Hz
2000 Hz
3000 Hz

533.00% 272.60
1127.00= 610.80
2064.00 = 904.10
3965.00 + 1273.00
4622.00 £ 1270.00

left
124£0.32
1.41+0.43
1.16+0.41
0.98 £0.28
0.96 +0.29

left
1.31£0.43
1.36+0.39
1.03£0.39
0.99 £0.29
1.00£0.30

RT (s)
1Hz
5Hz
250 Hz
2000 Hz
3000 Hz

right
1.42+0.42
1.38+0.42
1.14+0.48
1.12+047
1.02+0.32

right
1.38£0.44
1.40 £0.34
1.16 £ 0.38
1.04+0.28
0.96+0.19

light lines) group. Kinds of sensations were didd®y their
relationship with C or B fibers from the left and right foot
(lines). The significant increases) (or decreases|) of the
self-reported contingents indicating a consistegrtception
were indicated by arrows. The significant discrepes
(p<0.05) were detected between the proportions rebde
from stimulations at 1 and 2000 Hz when, respelgtive
compared to the proportions expected from stimuatiat 5
and 3000 Hz by the Chi-Square Test.

B. Snusoidal electrical stimulation at different frequencies

As observed in figure 1, the CPT intensities at low
frequency stimulations (1 and 5 Hz) generally deshean
weaker intensities than those at higher frequer(@@80 Hz
and 3000 Hz). The intensities of the stimulatiapplied at 1
Hz were significantly different from the intensgiebserved
at 250, 2000 and 3000 Hz in all experimental caowlt.
Furthermore, from the right foot of the diabetiogp, the



intensity of the CPT at 1Hz was also different frahe

intensity observed at 5 Hz (figure 1).

The same did not occur for intensities observe
from the 5 Hz stimulations. As observed in figurettiere
were significant differences from intensities at0@0and
3000 Hz, but they were not different from thoseesbed at
250 Hz. In addition, for all experimental conditiprwe did
not find differences among the pairs of intensitdsained

between 2000 Hz and 3000 Hz.

Despite the fact that the statistical test forahatl-pairs
did not find significant differences between cohtemd
diabetic groups (table 1) for CPT intensities, gnsicant
variance of means was detected between the coatrdl
diabetic groups for CPT applied at 2000 and 3000aHa
the multiple comparison post-test identified sigmint
increase between the left foot of the control gramd the
right foot of the neuropathic group, as indicateg the

arrows in figure 1.
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Figure 1. Connecting-lines graph indicating median and intartjle
range for the intensities of Current PerceptioneShold (CPT) analyzed at
different frequencies (1, 5, 250, 2000 and 300Q Hag CPT intensities
were grouped from non-affected (controt thick lines) and affected

(diabetice — fine lines) subjects considering right (continsidines) and

T
1Hz

T
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T T T
250Hz 2000Hz 3000 H:z

As observed in figure 2, in general, the RT at low
frequency stimulations (1 and 5 Hz) were longenttizose

t higher frequencies (2000 and 3000 Hz). The déday
§erceive the stimulations applied at 1 Hz wereigamtly
different from those observed at 2000 and 3000 rHali
experimental conditions. Furthermore, from botht fefethe
control group (right and left sides), the delaytloé RT at
1Hz was also different from the delay observed i Riz.
However, none difference of delay was observed detwl
and 5 Hz (figure 2).

The same occurs to the delays observed from 5 Hz
stimulations, including a significant difference selved
between 5 and 250 Hz for the right foot from thebditic
group. The delays at 2000 and 3000 Hz were sigmiflg
different from those observed at 1 and 5 Hz, butewsot
different from those observed at 250 Hz in all ekpental
conditions (figure 2).

In addition, for all experimental conditions (figu2),
we did not find differences among the pairs of gela
obtained between 2000 Hz and 3000 Hz.
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Figure 2. Connecting-lines graph indicating median and intartjle
range for the reaction time (RT) delays analyzedifferent frequencies (1,

left (discontinuous lines) body sides. The siguifitdifferences — detected 5, 250, 2000 and 3000 Hz). The RT delays were grodm non-affected

from Kruskal-Wallis Test followed for Dunn’s Multig Comparison Post-
Test and considering p<0.05 — are presented tageitiethe legend
(upper graph area) by indicative lines linking paif frequencies. The
significant increases observed for the diabetiugso- detected by the

same statistical test — were indicated by arraws (

(controlo — thick lines) and affected (diabe#c- fine lines) subjects
considering right (continuous lines) and left (disttnuous lines) body
sides. The significant differences — detected fkmmskal-Wallis Test
followed for Dunn’s Multiple Comparison Post-Tesidaconsidering
p<0.05 — were also presented together with thenkt@epper graph area)
by indicative lines linking pairs of delays.



IV. DiscuUssION
As previously observed by Martins et &, 8], this study
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stimulation at 250 Hz presented intermediate intiessand
delays. Koester and Sielgelbauf] gxplain that the small
fibers have a more increased capacitance than atge |
fibers, then the low frequency stimulations promotél
depolarization of the small fibers whereas the Hiigquency
stimulation do the same for large fibers. The neddl

frequency stimulations should have an intermedateavior. [2]

For the control group, more numerous contingents ?j]
consistent perceptions were found for 1 and 300Qhdn 5
and 2000 Hz stimulations, reinforcing that a better
discrimination is found at these frequencies asipusly [4]
suggested §, 8]. As the non-affected group, the group
affected by diabetes presented almost the sameoipiams
of self-reports, apart from a consistent perceptemuced to
9% in the left foot during 1 Hz stimulations (tal#¢. In
addition, a kind of left-right-footedness was olveer in the
self-reports.

(5]

(6]

As concluded by TanlD], an asymmetric organization
interhemispheric of the somatosensory potentiatsed by [7]
stimulations of the left and right sides could ciimite to a
consistent perception more lateralized due to g&on
sensory feedback correlated with a hand preference.
However, we did not conducted tests to identify chamd
foot preferences for further discussion, a limiatiof this
study.

Although the subjects affected by the diabetesdiadar

age, gender proportion, body composition, stimatati [10]
parameters, and delay of perception than the niectefl
subjects (table 1), an increased intensity of curneas
applied to evoke sensations at 2000 and 3000 Idaréfil)
for the diabetic group, identifying an hypoesthg&i in the
AB-fibers which was not clinically detected by the BIN7]
(4.27+4.04). This result supports a possible adgmtto
early diagnosis of the diabetic peripheral neuropat
commonly developed in this population.

(9]

[11]

V. CONCLUSION

The comparative data in this study showed that the
subjects affected by the diabetes mellitus needéiblaer
intensity of stimulation to perceive the sensatiensked by
AB-fibers (hypoesthesia). In addition, the findingggest
greater dissimilarities obtained for stimuli a250 and 3000
Hz than 5, 250 and 2000 Hz, reinforcing their useloth
groups.
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