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Abstract

Background We describe a new method to study the
sensibility of the nipple-areola complex of the breast with
faradic electricity delivered through an electromyographic
device used to monitor peripheral nerve conduction.
Methods The objective results of faradic pulses (2—
50 mA per pulse) delivered to the nipple-areola complex
of the breast through a Nihon-Kohden II machine (Evoked
potential/Electromyographs, Nihon-Kohden Co., Japan)
were evaluated in normal volunteers to get a basal mea-
sure that was defined by the patient as “a soft electric
discharge.” The measures were recorded and their output
discharges averaged (at least 5 to each complex).

Results Twenty-eight volunteers with normal breasts, 28
patients with breast hypertrophy before and after breast
reduction, and 28 patients before and after breast aug-
mentation were studied. The faradic pulses were perceived
from 1.5 to 3.5 mA in the areola and from 3 to 5.5 mA in
the nipple in the control group and from 4.5 to 7.0 mA in
the areola and from 6.5 to 9.5 mA in the nipple in the
breast hypertrophy group with no significant changes
before and after surgery. In the breast augmentation group
the faradic pulses were very similar to the volunteers that
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had normal breasts, but 13 months after breast augmenta-
tion with silicone gel prosthesis, a difference was found
because all the patients had a higher threshold and three
cases had lost sensibility of the nipple-areola complex.
Conclusion In normal breasts the areola had a lower
threshold for faradic pulses compared to the nipple.
Hypertrophic breasts had a higher threshold to the faradic
stimulation than normal subjects in the pre- and postoper-
ative period. Hypoplastic breasts before breast
augmentation had a perception threshold similar to that of
the normal volunteers but after breast augmentation this
perception was much higher.

Keywords Breast sensibility - Faradic stimulation -
Nipple-areola thresholds - Faradic pulses

The sensibility of the areola-nipple complex (NAC),
i.e., tact, pressure, vibration, discrimination between two
points, temperature as hot and cold, and the erogenous
sensation, is a subjective condition that is difficult to
standardize [1-3]. The Semmes-Weinstein monofila-
ments (Touch-TestTM Sensory Evaluators, Hospeq, Inc.,
Miami, FL) use segments of flexible nylon of variable
diameter to evaluate cutaneous sensibility of the breast
as pressure thresholds. This method has drawbacks
because the stimulus produced is variable and provides
an estimate of the range of cutaneous pressure thresh-
olds and not a true measurement of that threshold; the
values obtained are logarithms that have to be converted
to force or pressure values so there is no way to ensure
the reliability or accuracy of the measurements. Also,
frequent use may alter the calibration of or rupture the
monofilaments [4].



The vibrometer [5] test studies vibratory thresholds
with a Bio-thesiometer (Bio-medical Instrument Co.,
Newbury,OH). The instrument is designed to measure the
threshold of appreciation of vibration in human subjects.
It works as an “electrical tuning fork” whose amplitude
may be set to any predetermined level or may be grad-
ually increased until the threshold of vibratory sensation
is reached. Conversely, the amplitude may be lowered
until the vibration is no longer discernible. In all cases the
amplitude may be determined at any given level with a
high degree of accuracy. It also has limitations because it
generates a wave that travels to the nipple and the areola
stimulating both at the same time. The instrument is
calibrated in the air, and values provided are dependent
on the pressure applied to the probe.

The computer-assisted neurosensory test uses a com-
puterized pressure-testing device (Pressure-Specified
Sensory Device, Sensory Management Systems, LLC,
Baltimore, MD) that can assess nerve function by quanti-
fying the thresholds of pressure detected with light, static,
and moving touch. It consists of one or two blunt probes
and sensitive transducers to measure and record the per-
ception thresholds of pressure on the surface of the breast
in grams per square millimeter. It is a noninvasive method
that provides a continuous measurement of cutaneous
pressure. This allows for static, moving one-point and
static, moving two-point discrimination. Recalibration is
performed for each new test ensuring the reliability and
accuracy of data acquired [6, 7].

The use of dermatomal somatosensory evoked potentials
as a new method to evaluate breast sensibility is difficult to
do and its interpretation needs a neurophysiology expert
[8].

The purpose of this study is to describe a new method to
study the sensibility of the nipple-areola complex of the
breast with faradic electricity delivered through a standard
electromyographic device used to monitor peripheral nerve
conduction.

Materials and Methods

Faradic pulses are delivered to the NAC through a Nihon-
Kohden II machine (Fig. 1) that gives 2-50 mA per pulse.
To obtain objective measures of sensation of the NAC we
were guided by a neurosurgeon. A total of 28 female vol-
unteers with normal breasts (A and B cups and with
external nipple distances from 19 to 23 cm) were enrolled
in the study. Eight did not have children and 20 had had
children and previous lactation. Faradic electricity was
delivered in two ways: with two probes (one in front of the
other on top of the areola) or with a fixed sensor (Figs. 2—
5). To get a basal measure that was defined by the patients

Fig. 1 Nihon-Kohden II machine (Evoked potential/Electromyo-
graphs, Nihon-Kohden Co., Japan), generating 2-50 mA per pulse
of faradic continuous electric current (square wave pattern)

as “a soft electric discharge to the NAC,” 1.5-5.5 mA of
faradic stimulation was needed. The measures were
recorded and their output discharges (at least 5 to each
NAC) were averaged. Another 28 candidates for breast
reduction were studied pre- and postoperatively (after
13 months). All had D cups and the reduction technique
used was the Hall-Findlay medial pedicle vertical reduction
mammaplasty. Finally, 28 candidates for breast augmen-
tation using the Style 120 McGhan texturized silicone
implants, the caudal-periareolar and retromuscular
approach used in all, were studied pre- and postoperatively
after 13 months of the implantation.

Results

The median and range of the faradic thresholds in normal,
hypertrophic, and hypoplastic breasts are summarized in
Table 1. In normal female subjects the faradic pulses were
perceived from 1.5 to 3.5 mA in the areola and from 3 to
5.5 mA in the nipple. Nipples required more faradic



Fig. 2 Faradic electricity was delivered to the NAC with two probes
placed horizontally

Fig. 3 Faradic electricity was delivered to the NAC with two probes
placed vertically

Fig. 4 Fixed probe

Fig. 5 Faradic electricity was delivered to the NAC with a fixed
probe

stimulation than areolas in normal, hypertrophic, and
hypoplastic breasts (p < 0.001). In females with hyper-
trophic breasts, the faradic pulses were perceived from 4.5
to 7.0 mA in the areola and from 6.5 to 9.5 mA in the
nipple. In this group of patients, there were no differences
in pre- and postoperative perceptions (p > 0.05) but the
thresholds were significantly higher when compared to
normal breasts. In females with hypoplastic breasts, the
preoperative faradic pulses showed no differences with
normal breasts. After breast augmentation, higher stimu-
lation levels were found and were significantly higher than
normal breasts. Postoperative levels of hypoplastic breasts
were similar to those of hypertrophic breasts.

Discussion

The nipple and the areola are distinct structures with dif-
ferent anatomy, physiology, and sensitivity [2, 3, 9-12].
Confusion of terminology could affect the outcome of
clinical studies.

The NAC has dual innervation that comes from the medial
and lateral cutaneous branches of the third through sixth
intercostal nerves. The dominant nerve supply comes from the
fourth intercostal nerve that, after penetrating the serratus
anterior muscle at the midaxillary line, travels along the ser-
ratus fascia to the lateral border of the pectoralis muscle. A
lateral cutaneous branch and an anterior cutaneous branch
innervate the nipple-areola complex inferolaterally and
medially [12]. Perception of faradic electricity could be con-
sidered a neurologic conduction test of the fourth intercostal
nerve that innervates the nipple-areola complex [9-13]. Pre-
vious studies include two-point discrimination, vibratory
thresholds, light touch, cotton-wool, pin-prick, pain percep-
tion to electrical currents, and the Semmes-Weinstein



Table 1 Faradic thresholds for the different study groups

Normal breasts Hypertrophic breast
Preoperative Postoperative
A B C
Right nipple® 4 (2.5-8) 7.8 (5.5-8) 8 (7-8.5)
Left nipple® 4 (34.5) 6.5 (4-9.5) 6.5 (4-9)
Right areola® 3 (1.5-3.5) 6.5 (4.5-7) 6.5 (5.5-6.5)
Left areola® 2.5 (2-3) 5(3-7) 4.5 (2.5-7)

* Miliamperes expressed in median and range

Hypoplastic breasts Not significant p value®

Preoperative Postoperative

D E

3.5 (2.54.5) 12 (8-14) Avs.D
B vs.C
Cvs. E

4 (3.54.5) 10.3 (8.5-14) Avs.D
Bvs. C

3254 9 (6.5-12.5) Avs.D
Bvs.C
B vs. E

3.5 (34 10 (7-14.5) Bvs. C
B vs.D
Cvs.D

® Kruskall-Wallis test with Dunn’s multiple comparison post-test were used for statistical analysis and only the combinations that demonstrated

no differences (p > 0.05) are shown

monofilament test, which has been considered the “gold-
standard” of sensibility studies of the breast. A review of the
most recent literature on normal breast sensibility using
Semmes-Weinstein nylon monofilaments yields data varying
by a magnitude that exceeds tenfold [1, 3, 4]. For these reasons
the pressure-specified sensory device, a computer-assisted
force transducer that measures static and moving one- and
two-point discrimination, has demonstrated a tenfold differ-
ence in measurable sensory thresholds in normal patients from
preexisting data from Semmes-Weinstein monofilaments, so
this technology should be considered the new “gold standard”
of sensibility breast studies [6].

The present study represents the first quantitative sen-
sibility analysis of the NAC (and not the overlying skin of
the mammary gland) done with faradic electricity. Electric
currents can be continuous or alternating (as in domestic
use; it has a sinusoidal curve and “never stops” until
“unplugged”). For this study we used a continuous electric
current, which has a square curve and two forms, galvanic
and faradic, the difference being that faradic electricity has
a duration of less than 1 ms. Our patients’ perceptive data
to faradic electricity were strictly correlated with the
quantitative data (Table 1).

In normal volunteers the sensitivity at the nipple was
greater than at the areola after the faradic electricity test.
Although the nerve density is higher in the nipple, this does
not directly explain why a lower electrical threshold is
more readily felt in the nipple than the areola. Our study
confirmed the decreased sensibility seen in other studies
with macromastia [6, 14-25], but sensation is not
necessarily made worse by Hall-Findlay medial-pedicle
reduction mammaplasty, as originally proposed by Courtiss
and Goldwyn [26].

For this study, in females with hypoplastic breasts, the
faradic pulses were very similar to the normal volunteers
with normal breasts, but 13 months after breast augmen-
tation with silicone gel prostheses they had a higher
threshold to faradic stimulation of the NAC. Previous
studies that evaluated nipple sensation after breast aug-
mentation [27-29] found a 15-49% change in nipple
sensation. Courtiss and Goldwyn [26], using light finger
touch and evaluation of pain using the Vitapulp (Pelton and
Crane, Charlotte, NC), demonstrated that 15% of patients
had decreased sensation in the nipple-areola complex
(before and after breast plastic surgery) at 2 years, and the
larger the implants, the greater the sensory loss. The
implants in their study were subglandular, whereas the
implants in our study were submuscular. Whether this
difference in implant location explains the difference in
sensibility noted in the two studies is unclear.

Finally, the perception of sensation in the areola and that
in the nipple are different, and the cause for this perception
difference could not be explained in our study. Other authors
have tried to explain the differences as a pure reflection of
nerve fiber density (higher in the nipple compared to the
areola) or traction injury in macromastia or after the use of
large silicone prostheses for breast enhancement [30].

References

1. Dellon ES, Mourey R, Dellon AL (1992) Human pressure per-
ception values for constant and moving one- and two-point
discrimination. Plast Reconstr Surg 90:112-117

2. Tairych GV, Kuzbari R, Rigel S, Todoroff BP, Schneider B,
Deutinger M (1998) Normal cutaneous sensibility of the breast.
Plast Reconstr Surg 102:701-704



10.

11.

12.

13.

14.

15.

16.

17.

. Terzis JK, Vincent MP, Wilkins LM, Rutledge K, Deane LM

(1987) Breast sensibility: a neurophysiological appraisal in the
normal breast. Ann Plast Surg 19:318-322

. Dellon ES, Crone S, Mourey R, Dellon AL (1993) Comparison of

the Semmes-Weinstein monofilaments with the pressure speci-
fying sensory device. Restor Neurol Neurosci 5:323-329

. Dellon AL (1983) The vibrometer. Plast Reconstr Surg 71:427—

431

. Mofid MM, Dellon AL, Elias JJ, Nahabedian MY (2002) Quan-

titation of breast sensibility following reduction mammaplasty: a
comparison of inferior and medial pedicle techniques. Plast
Reconstr Surg 109:2283-2288

. Santanelli F, Paolini G, Bittarelli D, Nofroni I (2007) Computer-

assisted evaluation of nipple-areola complex sensibility in macro-
mastia and following superolateral pedicle reduction mammaplasty:
a statistical analysis. Plast Reconstr Surg 119:1679-1683

. DelVecchyo C, Caloca J Jr, Caloca J, Gomez-Jauregui J (2004)

Evaluation of breast sensibility using dermatomal somatosensory
evoked potentials. Plast Reconstr Surg 113:1975-1983

. Farina MA, Newby BG, Alani HM (1980) Innervation of the

nipple-areola complex. Plast Reconstr Surg 66:497-501

Jaspars JJ, Posma AN, van Immerseel AA, Gittenberger-de Groot
AC (1997) The cutaneous innervation of the female breast and
nipple-areola complex: implications for surgery. Br J Plast Surg
50:249-259

Sarhadi NS, Shaw Dunn J, Lee FD, Soutar DS (1996) An ana-
tomical study of the nerve supply of the breast, including the
nipple and areola. Br J Plast Surg 49:156-164

Schlenz I, Kuzbari R, Gruber H, Holle J (2000) The sensitivity of
the nipple-areola complex: an anatomic study. Plast Reconstr
Surg 105:905-909

Freilinger G, Holle J, Sulzgruber SC (1978) Distribution of motor
and sensory fibers in the intercostal nerves. Significance in
reconstructive surgery. Plast Reconstr Surg 62:240-244

Craig RD, Sykes PA (1970) Nipple sensitivity following reduc-
tion mammaplasty. Br J Plast Surg 23:165-172

Dellon AL (2003) Invited discussion: sensibility of the breast
following reduction mammaplasty. Ann Plast Surg 51:6-9
Ferreira MC, Costa MP, Cunha MS, Sakae E, Fels KW (2003)
Sensibility of the breast after reduction mammaplasty. Ann Plast
Surg 51:1-5

Godwin Y, Valassiadou K, Lewis S, Denley H (2004) Investi-
gation into the possible cause of subjective decreased sensory
perception in the nipple-areola complex of women with macro-
mastia. Plast Reconstr Surg 113:1598-1606

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Gonzalez F, Brown FE, Gold ME, Walton RL, Shafer B (1993)
Preoperative and postoperative nipple-areola sensibility in
patients undergoing reduction mammaplasty. Plast Reconstr Surg
92:809-814. discussion 815-808

Greuse M, Hamdi M, DeMey A (2001) Breast sensitivity after
vertical mammaplasty. Plast Reconstr Surg 107:970-976

Hamdi M, Blondeel P, Van de Sijpe K, Van Landuyt K, Monstrey
S (2003) Evaluation of nipple-areola complex sensitivity after the
latero-central glandular pedicle technique in breast reduction. Br
J Plast Surg 56:360-364

Hamdi M, Greuse M, De Mey A, Webster MH (2001) A pro-
spective quantitative comparison of breast sensation after
superior and inferior pedicle mammaplasty. Br J Plast Surg
54:39-42

Kuzbari R, Schlenz I (2007) Reduction mammaplasty and sen-
sitivity of the nipple-areola complex: sensuality versus sexuality?
Ann Plast Surg 58:3-11

Schlenz I, Rigel S, Schemper M, Kuzbari R (2005) Alteration of
nipple and areola sensitivity by reduction mammaplasty: a pro-
spective comparison of five techniques. Plast Reconstr Surg
115:743-751. discussion 752-744

Slezak S, Dellon AL (1993) Quantitation of sensibility in gig-
antomastia and alteration following reduction mammaplasty.
Plast Reconstr Surg 91:1265-1269

Wechselberger G, Stoss S, Schoeller T, Oehlbauer M, Piza-Kat-
zer H (2001) An analysis of breast sensation following inferior
pedicle mammaplasty and the effect of the volume of resected
tissue. Aesthetic Plast Surg 25:443-446

Courtiss EH, Goldwyn RM (1976) Breast sensation before and
after plastic surgery. Plast Reconstr Surg 58:1-13

Banbury J, Yetman R, Lucas A, Papay F, Graves K, Zins JE
(2004) Prospective analysis of the outcome of subpectoral breast
augmentation: sensory changes, muscle function, and body
image. Plast Reconstr Surg 113:701-707. discussion 708-711
Nahabedian MY (2006) Effect of augmentation mammaplasty on
breast sensation: discussion. Plast Reconstr Surg 117:84-85
Okwueze MI, Spear ME, Zwyghuizen AM, Braun SA, Ajmal N,
Nanney LB, Hagan KF, Wolfort SF, Shack RB (2006) Effect of
augmentation mammaplasty on breast sensation. Plast Reconstr
Surg 117:73-83. discussion 84-75

Pitanguy I, Vaena M, Radwanski HN, Nunes D, Vargas AF
(2007) Relative implant volume and sensibility alterations after
breast augmentation. Aesthetic Plast Surg 31:238-243



	Areola-Nipple Perception Threshold to Faradic Electricity: A New Measure of Sensibility of the Breasts
	Abstract
	Background
	Methods
	Results
	Conclusion

	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


