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Abstract: Quantitative sensory testing (QST) measures perception thresholds of defined intensities of physical stimuli 

(e.g. temperature, touch, pressure, vibration). The frequency and severity of subjective sensory effects (itch, burn), though 

less quantifiable, can be characterized under defined conditions such as product testing. This article reviews two sources 

of published research on sensory perception on the vulva relative to extragenital sites: (1) systematic, quantitative sensory 

testing with defined stimuli and (2) vulvar sensory effects reported in clinical trials of external feminine hygiene products. 

In healthy women, the vulva is less sensitive to punctate touch and vibration than other body sites. Vulvar sensitivity to 

mechanical stimuli declines after menopause, but is restored by estrogen supplementation. Product trials of feminine wet 

wipes suggest that vulvar perception of stinging and of skin wetness also are attenuated after menopause, although percep-

tions of burning or itching appeared to be unaffected. More systematic, standardized conditions are needed to validate the 

continued use of QST on the vulva and to better define the characteristics and intensity of subjective vulvar sensations. 

Keywords: Vulva, vagina, extragenital anatomical sites, quantitative sensory testing, subjective sensory effects, menopause, 
estrogen, prospective clinical trials. 

INTRODUCTION 

 Research on sensory perception of the vulva has focused 
largely on the sexual response and on the sensation of pain in 
pathological conditions such as provoked vestibulodynia 
(vulvar vestibulitis syndrome) and idiopathic vulvodynia. 
Our laboratories are interested in better characterizing vulvar 
sensory perception in healthy women, the factors that affect 
it, and any insights that might apply to the products research 
or clinical settings. This article reviews two sources of in-
formation on vulvar sensation: (1) quantitative sensory test-
ing (QST), which measures the perception thresholds of 
quantifiable stimuli such as temperature, touch, pressure, and 
vibration; (2) subjective sensory effects (wetness, dryness, 
itch, burning, stinging) reported by women who used exter-
nal feminine hygiene products under controlled conditions. 
For perspective, trends in the sensory perception of ex-
tragenital skin in comparison to vulvovaginal tissue are also 
summarized. Although the research on vulvar sensation is 
very limited, objective QST and surveys of subjective sensa-
tion experienced in product trials provide complementary 
information about sensory perception on the vulva and the 
effects of variables such as age, the menstrual cycle, and 
menopause. 
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NEURAL SENSATION OF PHYSICAL STIMULI  

 It is helpful to briefly review how the perception of sen-
sation is mediated by the nervous system. In glabrous and 
semiglabrous skin, the sensation of mechanical stimuli 
(touch, pressure, and vibration) and the sensations of tem-
perature and pain are mediated by different parts of the nerv-
ous system. Touch, pressure, and vibration are detected by 
specialized mechanoreceptors: rapidly adapting receptors, 
such as Meissner corpuscles and Pacinian corpuscles, detect 
transient light touch and transient deep pressure, respec-
tively; slowly adapting receptors, such as Merkel cells and 
Ruffini receptors, respond to more sustained touch, such as 
sensing texture or shape. The sensory input from these 
mechanoreceptors is conducted by large myelinated fibers in 
the peripheral nerves and by the dorsal column of the spinal 
cord. 

 Temperature and pain are detected by free nerve endings 
in the skin; the sensory input is conducted by the small fiber 
system and its central connections in the spinothalamic 
tracts. Moreover, within the small fiber system, different 
fibers convey sensory impulses in response to temperature 
and pain: thinly myelinated fibers convey impulses from heat 
and cold receptors and unmyelinated fibers convey impulses 
from nociceptors that respond to painful or noxious stimuli. 
Sensory information transmitted along the spinal cord is ul-
timately processed via the thalamus to be interpreted by the 
cerebral cortex and cerebellum.  

 Various sensory nerves innervate the vulva and perineum 
(Fig. 1): the posterior femoral nerve innervates the latter as-
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pect of the perineum posteriorly and the lateral margin of the 
vulva superiorly along the leg crease; the genitofemoral and 
illioinquinal nerves (originating from L1-L2) innervate the 
mons pubis and upper labia majora, approximately to the 
level of the urethra; and the perineal branch of the pudendal 
nerve (from sacral roots S2-S4), which is viewed by most 
clinicians as the primary source of vulvar innervation (lobes 
of the labia majora through the vestibule). A network of 
nerves over the dorsal aspect of the glans clitoris arises from 
the deeper pudendal nerve. Coverage of the vulva can also 
include the inferior cluneal nerve, which originates from S1-
S3. The correlation between these anatomical details and the 
characteristics of vulvar sensation and pain is not well-
characterized, and mapping these relationships is an area of 
active research in our laboratories [1]. 

QUANTITATIVE SENSORY TESTING 

 Quantitative sensory testing (QST) is used to quantify 
sensory function in healthy people and in patients at risk for 
neurological impairment [2]. It is also employed to assess 
factors that affect pain perception [3-5]. In QST, a measur-
able stimulus is applied to the skin and the subject or patient 
reports his or her perception of it. The method employs cali-
brated instruments to deliver known intensities of physical 
stimuli, for example, mild electric current (by means of sur-
face electrodes), temperature (via electric thermodes with 
controlled surface temperatures), touch (using filaments 
whose bending force depends on diameter and length), pres-
sure (exerted by spring-loaded devices), and vibration (using 
tuning forks or vibrators that deliver sinusoidal stimuli at a 
given frequency). Stimulus of a given intensity is applied, 

and the subject reports whether or not the stimulus is per-
ceived (or, in pain studies, whether or not the stimulus elicits 
pain). The lowest intensity that is perceptible (or, if perti-
nent, painful) is the detection threshold. 

 Two general methods are employed to determine these 
thresholds: (1) the method of limits, and (2) the method of 
levels. With the method of limits, the stimulus is progres-
sively increased and the subject declares when it first be-
comes perceptible. With the method of levels, stimulus of a 
defined intensity is applied, then increased or decreased by 
specific increments depending on whether or not the subject 
perceives it. (Protocols may differ in terms of the number of 
consistent responses required to progress upward or down-
ward in stimulus intensity.) 

 With the method of limits, sensory information is proc-
essed neurologically at the same time as the stimulus inten-
sity is being changed. The inherent response lag leads to a 
small error in threshold measurement; consequently, thresh-
olds measured with the level of limits skew higher than those 
measured with the method of levels [6, 7]. Moreover, the rate 
of change of the stimulus affects thresholds obtained by the 
method of limits  

 The method of levels is known as “forced-choice”, as the 
subject must declare or “choose” whether or not the stimulus 
is perceived. Because this method takes longer and is more 
repetitive, error can result if the subjects become fatigued or 
distracted as the test proceeds. 

 Experimental variables such as the application site, the 
surface area of contact, the frequency of the stimulus (in the 
case of vibration), and the rate of change of stimulus inten-
sity, affect the absolute value of thresholds measured. Con-
sequently, the absolute values measured are a function of the 
experimental conditions employed, and the lack of stan-
dardization complicates comparisons between experiments. 
This review will focus on the relative thresholds assessed 
within experiments (e.g. thresholds measured at different 
anatomical sites, or in people from of different ages) to draw 
conclusions about variables that affect sensory perception.  

SENSORY THRESHOLDS ON EXTRAGENITAL 
SITES 

 Before discussing sensory perception on the vulva, it is 
helpful to review what is known about responses at ex-
tragenital sites. Table 1 summarizes some representative 
QST studies. The research shows that sensitivity to touch, 
vibration, and thermal stimuli varies by site. For example, 
the hands appear to be more sensitive to touch, and espe-
cially to vibration, than the feet [2, 8].  

 Of the various demographic (age, gender, ethnicity) and 
anthropometric variables (height, weight, side of the body) 
that have been studied, advancing age appears to have the 
most significant effect on sensory perception. QST of the 
hand and foot shows that sensitivity to mechanical stimuli 
(touch and vibration) declines with age. The decline becomes 
apparent by the fifth decade and progresses exponentially 
after age 65 or 70 [9, 10]. The rate of decline differs by site. 
For example, thresholds of perception of touch and vibration 
remain approximately constant on the face, but the sensitiv-
ity to touch on the hands declines rapidly with advancing age 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Schematic of the innervation of the vulva. 

A. Anterior labial branches of illoinguinal nerve; B. Genitofemoral 

nerve; C. Dorsal nerve of the clitoris (continuation of pudendal 

nerve shown deeper (as dashed lines) in muscles of urogenital dia-

phragm; D. Branches of pudendal nerve. 
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Table 1. Factors Affecting Sensory Thresholds at Extragenital Sites 

Popula-

tion 

N Stimulus Method Anatomic 

location 

Results Comments References 

USA  

Children to 

adults aged 

3–79 years 

 

350 

 

Vibration Stimuli: 

128 Hz Rydel-

Seiffer tuning 

fork applied 

perpendicu-

larly to skin 

surface 

120Hz hand-

held electro-

magnetic 

Vibrameter™ 

Dorsum of 

hands 

Dorsum of 

feet 

Hands more sensitive than feet  

Perception threshold men > women 

over 50 

Perception threshold unaffected by 

age up to age 17.9. 

Perception threshold increased 

substantially in adults aged 70-79 

compared to those aged 18-29 

(30% increase on hands and 41% 

increase on feet in by Vibrame-

ter™)  

Absolute levels depend 

on method used 

The two methods were 

correlated (r=0.954) 

Retest reliability was 

high 

Results not affected by 

skin temperature, body 

side, weight, or height 

[10] 

Canada 

Healthy 

adults aged 

20-86 

 

148 

 

Temperature 

Vibration 

Medoc™ 

thermal sen-

sory analyzer 

(computer 

driven ther-

mode) 

Vibratron II™ 

200 m max 

amplitude 

 

Thenar 

eminence 

of right 

hand, dor-

sum of foot 

Index 

finger and 

big toe on 

opposite 

sides 

Thermal thresholds on hand and 

foot increased with height and age. 

Thresholds on the hand but not on 

the foot increased with height. 

Vibratory thresholds on the foot 

increased with height and with age. 

Thresholds were exponentially 

higher after age 65.  

Vibratory thresholds on the hand 

unaffected by height. 

Height correlates to 

gender, men being gen-

erally taller than women 

Height is related to the 

distance that impulses 

from the foot must travel 

[9] 

Nether-

lands 

Healthy 

volunteers 

aged 21–

92 

 

71 

Temperature 

(heat/cold) 

Peltier ther-

mostimulator 

3x4 cm double 

probe surface.  

Foot dor-

sum  

Sig, increase in warm and cold 

thresholds with age 

Women had lower thresholds than 

men 

 

Similar decline with age 

for both warm and cold 

thresholds 

 

[8] 

USA 

Healthy 

adults  

 

48 

 

Heat pain 

threshold  

 

 (increasing 

temperature 

ramp) 

Hand  

(thenar 

eminence) 

  

Foot (plan-

tar surface) 

Hands more sensitive than feet 

No difference in heat pain thresh-

old 

No difference in heat pain thresh-

old 

Heat pain thresholds 

increased when repetitive 

temperature reversals 

were made, suggesting 

either receptor adaptation 

or subjects’ increasing 

tolerance 

[11] 

USA 

Healthy 

adults  

Age 19-84 

48 

 

Temperature 

in-

crease/decreas

e 

Tactile skin 

indentation 

Vibration  

 

Peltier™ 

thermal trans-

ducer, probe 

surface 7.1 

cm2 

Skin clamp, 1 

mm/sec; in-

dentation 

range 3-170 

m or 63-

1640 m, 2.9 

cm2 area 

40 Hz and 250 

Hz transducer 

Hand 

(thenar 

eminence)  

Foot (plan-

tar surface) 

Young men more sensitive than 

young women to warm stimuli on 

the feet. 

In young adults, hands more sensi-

tive than feet  

Older individuals’ feet less sensi-

tive to warm  

Older hands & feet, less sensitive 

to skin indentation & vibration 

Losses in sensitivity to 

mechanical stimuli in 

older adults was apparent 

by fifth decade and was 

more severe at lower 

extremities 

 

[11] 
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(Table 1). Contd….. 

Popula-

tion 

N Stimulus Method Anatomic 

location 

Results Comments References 

England 

Healthy 

volunteers 

Age 20-39 

yrs 

Age 55-65 

80 

 

Vibration 

Temperature 

 

Vibrometer 

(31.5 and 125 

Hz) 

Thermal anes-

thesiometer, 

(1 cm or 2.8 

cm in diame-

ter) 

 

Hand: 

Thenar 

eminence 

  

Distal 

phalanx of 

the middle 

finger 

Forearm: 

Dorsal 

surface  

No age difference in vibratory 

thresholds of hand and forearm.  

Sig. increase in warm and cold 

thresholds with age at finger and 

forearm. 

No difference in vibratory thresh-

olds between genders, regardless of 

age  

Women had lower hot thresholds 

and higher cold thresholds than 

men. 

Sensitivity to tempera-

ture changes increased 

with larger surface area 

of application  

Changes in vibratory 

sensitivity with age were 

more apparent in studies 

that tested distal anat-

omic sites (foot) and 

older subjects (  65yrs)  

[12] 

Australia 

  

20 Heat/cold 

pain threshold  

 

 (increasing or 

decreasing 

temperature 

ramp) 

Peltier ther-

mode 3x3 cm 

Hand (dor-

sum) 

Pain ratings higher at hot than cold 

thresholds. Pain ratings at hot 

threshold were higher in women 

than in men 

Wide interindividual 

variations were observed 

in pain thresholds 

[4] 

TAIWAN 

Healthy 

volunteers 

aged 20-86 

yr 

 

 

484 

 

Vibratory 

Temperature 

 

Methods of 

levels and of 

limits 

Vibratory 

sensory ana-

lyzer 

Thermal sen-

sory analyzer 

Hand  

(thenar 

eminence) 

Foot (dor-

sum) 

Sig. increase in vibratory, warm 

and cold thresholds with age. Rate 

of foot> hand 

Thresholds on foot > hand 

Women had lower warm thresholds 

on hand and vibratory thresholds 

on foot than men 

Methods highly correlated but 

thresholds by method of limits 

higher than by method of levels 

For each modality,  

age had a more signifi-

cant effect on thresholds 

than gender or anthro-

pometric measurements 

[6] 

BEL-

GIUM 

Caucasian 

adults  

JAPAN 

Japanese 

adults 

44 

22 

male 

22 

fe-

male 

44 

22 

male 

22 

fe-

male 

Tactile detec-

tion threshold 

(TDT) 

Filament 

prick pain 

threshold  

(FPT) 

Pressure pain 

detection 

threshold 

(PPT) 

Pressure pain 

tolerance 

(PTOL) 

Numeric pain 

ratings 

Pressure aes-

thesiometer: 

Semmes-

Weinstein 

monofila-

ments (TDT 

and FPT) 

Method of 

levels (step-

wise raising 

and lowering 

of filament 

pressure based 

on positive or 

negative sub-

ject response) 

Pressure algo-

rimeter (PPT 

and PTOL) 

 

For TDT 

and FPT 

Orofacial 

Cheek skin 

Maxillary 

gingiva 

Tip of 

tongue 

Hand 

Thenar skin 

For PPT 

and PTOL 

Orofacial 

Masseter 

muscle 

Hand 

Thenar 

muscle 

 

TDT on cheek lower in women 

than men 

FPT on cheek, gingiva and thenar 

skin lower in women than in men; 

women rated the pain lower than 

men at all sites except cheek 

PPT and PTOL lower in women, at 

both sites 

Ethnicity 

TDT on cheek and thenar skin 

lower in Japanese overall. 

TDT on thenar skin lower in Japa-

nese women than in Caucasian 

women. 

FPT on cheek, tongue tip and 

thenar skin lower in Japanese. FPT 

on cheek skin lower in Japanese 

men than in Caucasian men. 

FPT pain ratings at gingiva and 

thenar skin lower in Japanese. 

PPT pain rating at masseter and 

thenar muscle lower in Japanese. 

PTOL ratings lower in Japanese. 

Overall, women more 

sensitive at detecting 

pain than men. 

Japanese more sensitive 

at detecting pain than 

Caucasians. 

However, despite being 

more sensitive at detect-

ing pain, women rated 

pain intensity lower than 

men and Japanese rated 

pain intensity lower than 

Caucasians. 

[13] 
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[2]. Moreover, age-related losses in sensitivity to vibration or 
skin indentation are more severe for the lower extremities [6, 
10, 11], perhaps reflecting the longer distance of the neural 
pathway that the sensory input must travel.  

 Some evidence exists that thermal thresholds also decline 
with age, but the effect may be weaker or less consistent at 
various sites [6, 8, 9, 12], as several studies show no change. 
Interestingly, a British study of people aged 20-39 and 55-65 
detected an age-related decrease in sensitivity to warm and 
cold stimuli on the finger and forearm, but only with a probe 
having a surface area of 2.8 cm2, not with a probe of 1 cm2. 
Moreover, the absolute heat perception thresholds were 
lower and cold perception thresholds higher overall when the 
larger probe was used [12]. This indicates that contact area 
affects the absolute values of experimentally determined 
perception thresholds.  

 Gender differences in sensory perception have been 
found, but not consistently. The degree of difference in sen-
sitivity between men and women may depend on the age 
range studied, the anatomical sites assessed, and the sample 
size. With regard to mechanical stimuli, several studies 
found no gender differences in perception thresholds on the 
forehead [2]; on the hand, distal phalanx of the middle fin-
ger, or dorsal surface of the forearm, regardless of age [12]; 
or on the thenar eminence of the hand or plantar surface of 
the foot [11]. However, some studies have detected gender-
related differences in the perception of mechanical stimuli. A 
US study of 350 people found that, among those aged over 
50, women were more sensitive to vibration on the dorsum 
of the hands and feet than men [10]; similarly, vibratory 
thresholds among 484 Taiwanese were lower in women than 
in men on the dorsum of foot but no different on the thenar 
eminence of the hand [6]. A study of 44 Belgian and Japa-
nese subjects found that, in both ethnic groups, women were 
more sensitive than men to filament touch on the cheek and 
to filament prick pain and pressure pain on the cheek, gin-
giva, and thenar skin [13].  

 With respect to the effect of gender on thermal sensitiv-
ity, some but not all studies found women to be more sensi-
tive than men. The ethnicity and age range of the subjects as 
well as the anatomical sites examined varied among studies. 
A Dutch study found women to be more sensitive to thermal 
stimuli on the foot than men [8]. A Taiwanese study of 484 
people found women to be more sensitive to warm thresh-
olds on the both the thenar eminence of the hands and the 
dorsal surface of the feet than men [6]. A British study simi-
larly found women to be more sensitive to heat and cold 
stimuli on the thenar eminence of the hand, the distal pha-
lanx of the middle finger, and the dorsal surface of the fore-
arm [12]. However, a North American study of 48 people 
found men aged 19-31 to be more sensitive to warm stimuli 
on the plantar surface of the feet compared to women in the 
same age group, but not on the thenar eminence of the hand 
[11]. 

 One fairly consistent finding is that perception thresholds 
of mechanical and thermal stimuli and heat pain differ be-
tween distal and proximal limbs. In a group of 48 healthy 
American adults, the hands were more sensitive to heat pain 
than the feet, although no age- or gender-dependent differ-
ences were found [11]. In this study, heat pain thresholds 

increased when repetitive temperature reversals were made, 
suggesting either a sensory or affective adaptation to pain. 
However, in an Australian study among 20 subjects, prior 
exposure to the experimental conditions did not affect pain 
detection thresholds [4]. Adaptation may depend on the ex-
perimental conditions employed.  

 Ethnic differences in sensory perception also have been 
reported. For example, Japanese subjects were more sensi-
tive to touch on the cheek and the thenar eminence of the 
hand than Caucasians. This group also was quantitatively 
more sensitive to pain elicited by a filament prick to the 
cheek, tongue, or thenar skin or to pressure on the masseter 
muscle of the jaw and thenar muscle of the hand [13]. How-
ever, the Japanese subjects rated the pain as less severe on a 
subjective scale than Caucasians despite being more sensi-
tive at perceiving it. In the study just cited, cultural stoicism 
may have contributed to a higher tolerance to pain in the 
Japanese although though their perception thresholds were 
measurably lower. In the United States, quantitative studies 
comparing Hispanic, African American, and Caucasian eth-
nic groups have found that Hispanics [14] and African 
Americans [3, 14-16] have comparable pain perception 
thresholds to Caucasians but exhibit a lower pain tolerance. 
Studies suggest that among African Americans, both social 
factors (such as high levels of stress) as well as physiological 
changes in endogenous mechanisms of pain regulation may 
contribute to lower pain tolerance in this group [17, 18]. The 
interpretation of ethnic differences in pain perception is con-
troversial and no consensus exists on whether such differ-
ences result from physiological or cultural influences. A 
comprehensive discussion of the causes and implications of 
ethnic differences in pain perception is beyond the scope of 
this review.  

VULVOVAGINAL SENSORY THRESHOLDS 

 Published quantitative testing on vulvovaginal sensory 
thresholds is summarized in Table 2. Studies that compared 
vulvovaginal sensory perception to sensory perception at 
other anatomical sites suggest that the vulva and vagina are 
relatively less sensitive to sensory stimuli. For example, 
among 58 premenopausal women in the Netherlands, the 
labia majora, labia minora, and clitoris were sensitive to mild 
electric current than the lower abdomen or the dorsum of the 
hand; the vaginal wall was the least sensitive site studied 
[19]. A Canadian study of 40 premenopausal women found 
the labium minus and the mucosa of the vulvar vestibule to 
be less sensitive than the forearm to filament touch and pres-
sure, although the labium minus was more sensitive to pain 
than the forearm [20]. Similarly, a Canadian study of 13 
premenopausal women found the vulvar vestibule to be less 
sensitive to filament touch and pressure than the deltoid 
muscle, the forearm, or the thigh [21].  

 When vibratory thresholds were considered, a Swedish 
study found the clitoris to be less sensitive to the perception 
of vibration than the dorsum of the hand but more sensitive 
than the dorsum of the feet [22]. A study of vibratory thresh-
olds performed in Turkey found that vulvar sites (labia ma-
jora and minora, clitoris, and vaginal introitus) were compa-
rable in sensitivity to the first and second fingers and to the 
nipples; in this study, the ears and lips were the least sensi-
tive to vibratory stimuli [23].  
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Table 2. Factors Affecting Vulvovaginal Sensory Thresholds  

Population N Stimulus Method Anatomic location Results Comments References 

USA 

Healthy and 
neurologically 
impaired 
women 

38 

32 healthy 

5 impaired 

Premenopausal 

17 

Postmenopausal 

15 

6 with ERT 

9 without ERT 

Normoestrogenic 
(premenopausal 
and postmeno-
pausal women 
on ERT) 

23 

Hypoestrogenic: 

(Postmenopausal 
women not on 
ERT) 

9 

Neurologically 
impaired women 
compared to 
controls matched 
by age, parity 
and estrogen 
status 

Impaired sexual 
function (by 
questionnaire) 

Pressure/ 
touch 

Pressure aesthe-
siometer: 

Semmes-
Weinstein 
monofilaments 

Method of limits: 
sequential appli-
cation of pressure 
filaments to point 
of detection 

 

Vulva/perineum 

Clitoral glans 

Labium minus (right 
and left) 

Perineum 

(right and left) 

Anal verge 

Average vulvar score 
(all sites) 

Significant loss 
of sensitivity to 
pressure/touch 
in postmeno-
pausal women 
hypoestrogenic 
women, women 
with vulvar 
atrophy, neu-
rologically 
impaired 
women, and 
women with 
impaired sexual 
function.  

 

A clear effect 
of estrogen on 
vulvar sensi-
tivity was 
demonstrated: 
menopause, 
non-use of 
ERT, and 
vulvovaginal 
atrophy were 
associated 
with decreased 
sensitivity to 
pres-
sure/touch.  

Although 
vulva has 
lower density 
of estrogen 
receptors than 
vagina, effect 
of estrogen on 
touch sensitiv-
ity appears 
profound.  

[8] 

USA 

Postmenopausal 
hypoestrogenic 

women with 
lower genitou-

rinary tract 
complaints 

(e.g. urinary 
incontinence, 

frequency, 
urgency, noc-

turia, vaginal 
atrophy) 

39 

(30 completed 
study) 

 

Pressure/ 

touch 
Protocol 

RCT: topical 
application of 

estradiol cream to 
vulvar vestibule 

and vagina, 
nightly for 2 

weeks, then 3x 
weekly for 2 wks, 

and 2X weekly 
for 2 more weeks, 

with or without 
pelvic muscle 

biofeedback. 

Intervention 

groups: 

(1) Active cream 
with biofeedback; 

(2) active cream 
with sham bio-

feedback; (3) 
Placebo cream 

with biofeedback; 
(4) Placebo cream 

with sham 
biofeedback 

Outcome measure 

Method of limits: 
(1) Von-Frey 

monofilament 
thresholds (mN) 

at vulvar vesti-
bule 

(2) Maximum 

intravaginal pres-
sure 

Vulvar vestibule 

Vaginal wall  

Estradiol treat-

ment signifi-

cantly in-
creased sensi-

tivity of vesti-
bule to pres-

sure/touch 
relative to 

placebo at 4 
and 6 weeks. 

Greatest im-

provements 
occurred in 

women aged 
70-79 yrs  

 

 Mechanism of 

estrogen ac-

tion on sen-
sory function 

of vestibule 
not known. 

Potential 
sensorineural 

targets may be 
C fibers or 

Merkel cells. 

[26] 
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(Table 2). Contd….. 

Population N Stimulus Method Anatomic location Results Comments References 

SWEDEN 

Healthy women 

aged 27-44 

age 35-45 

n=95 

examined once. 

age 27-44 

n=8  

Examined over 

the menstrual 

cycle. 

Vibration Method of limits 

Commercially 

available 100 Hz 

Vibrameter 

Clitoris 

Hands (dorsum) 

Feet (dorsum) 

Vibratory 

thresholds by 

site 

Clitoris less 

sensitive than 

the hands but 

more sensitive 

than the feet  

No change in 

sensitivity 

with menstrual 

cycle. 

[22] 

ISRAEL 

Healthy women 

aged 18-78 

89 

 

Thermal 

(warm, 

cold) 

 Vibratory  

Method of limits 

Thermal 

Cylindrical clito-

ral thermal probe, 

25 mm diameter, 

with contact 

element on end; 

vaginal thermal 

probe with ther-

mal contact on 

outer cylindrical 

surface (28 mm 

diameter)  

Vibratory 

Vibrameter, 100 

Hz, amplitude 0 

to 130 m 

Method of limits 

(linear change): 

1ºC/s for thermal, 

1 m/sec for 

vibratory 

Clitoris 

Vagina 

Thermal 

thresholds with 

age  

Sensitivity to 

warmth de-

creased with 

age at clitoris 

but was con-

stant on ante-

rior vagina. 

Sensitivity to 

cold decreased 

with age at 

anterior vagina 

but remained 

constant on 

clitoris. 

Vibratory 

thresholds with 

age 

Sensitivity to 

ascending 

vibration de-

creased with 

age on both 

vagina and 

clitoris. 

A smaller age 

effect on vi-

bratory 

threshold was 

seen on clito-

ris compared 

to vagina. 

[25] 

Netherlands 

Healthy women 

aged 18-60 

All but 2 were 

premenopausal 

60 

 

Electric 

current 

 

Electrode 

Range  

0-30 mA 

100 Hz 

5 msec duration 

Threshold of 

perception of 

prickly sensation 

Genital sites: 

Vaginal wall (2-4 cm 

from introitus) 

Left and right labia 

majora 

Left and right labia 

minora Clitoris 

Extragenital sites 

Hand (dorsum) 

Left and right lower 

abdomen 

Genital sites 

less sensitive 

(ca. 1 mA) than 

extragenital 

sites  

Vaginal wall 

least sensitive 

site. The 12-

hour position 

(upper vaginal 

wall) slightly 

more sensitive 

than other 

positions on 

vaginal tract 

circumference. 

Dorsum of the 

hand more 

sensitive than 

abdomen 

Absolute 

values depend 

on specific 

experimental 

conditions 

[19] 
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(Table 2). Contd….. 

Population N Stimulus Method Anatomic location Results Comments References 

CANADA 

Nulliparous 

premenopausal 

women with or 

without VVS 

 

26 

13 VVS 

13 controls 

Pressure/ 

touch  

 

Modified von 

Frey filaments of 

suture material 

monofilaments 

calibrated to 

Semmes-

Weinstein, plus 

three lower pres-

sures 

Tactile thresholds 

method of levels  

(2-down, 1-up 

staircase method: 

2 +ve responses 

to same stimulus 

needed to move to 

next lower, one –

ve needed to 

move to next 

higher) 

Pain thresholds 

by method of 

limits (sequential 

pressure increase 

from tactile 

threshold) 

Vulvar vestibule (1- 3-, 

6- , and 9-o’clock) and 

inner aspect of labium 

minus 

Controls 

Thresholds 

higher at one 

o’clock posi-

tion of vesti-

bule than at 6- 

and 9-o’clock 

positions, or on 

labium minus. 

VVS 

At all vestibu-

lar positions, 

tactile thresh-

olds dramati-

cally lower in 

VVS group: 6 

o’clock most 

sensitive.  

Pain thresholds 

significantly 

lower in VVS 

patients  

Genital vs 

extragenital 

sites 

In controls, 

vestibule at 

1’o’clock less 

sensitive to 

touch than 

deltoid, fore-

arm, thigh; 

similar pain 

thresholds at all 

sites. In VVS 

group, vesti-

bule more 

sensitive than 

deltoid, & pain 

thresholds 

lower at all 

sites.  

In controls, 

vulvar vesti-

bule was less 

sensitive to 

punctate tac-

tile stimuli 

than glabrous 

skin of arm 

and leg. La-

bium minus 

most sensitive 

to touch.. Pain 

thresholds 

similar at all 

body sites 

tested. 

In women 

with VVS, 

tactile and 

pain thresh-

olds in vesti-

bule dramati-

cally lower: 

tactile sensa-

tion levels in 

controls 

caused pain in 

some women 

with VVS, and 

they perceived 

vestibular 

touch at levels 

imperceptible 

to controls.  

[26] 

USA 

Women aged 

20-78 

Examined 

variables of 

age, meno-

pause, prior 

vaginal delivery 

and history of 

neurological 

disorder 

58 

10 

age 20-29 

13  

age 30-39 

17 

age 40-49 

8 

age 50-59 

10 

age 60-79 

Vibration Method of limits 

Commercially 

available 120 Hz 

biothesiometer 

Vulva 

Clitoris 

External urethral mea-

tus 

Right and left perineum 

Medial right ankle 

Age 

Vibratory sen-

sation thresh-

olds progres-

sively increased 

with age at 

vulva, clitoris, 

external ure-

thral meatus 

and ankle 

Menopause 

Sensitivity to 

vibration de-

creased after on 

genital sites but 

not ankle 

Age affected 

both genital 

and peripheral 

sensation 

Menopause 

affected geni-

tal sensation 

only 

[23] 
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(Table 2). Contd….. 

Population N Stimulus Method Anatomic location Results Comments References 

CANADA 

Premenopausal 

women aged 

18-45 with or 

without VVS 

 

40 

20 VVS 

20 controls 

Touch and 

Pressure 

under 

erotic 

and neu-

tral condi-

tions 

(erotic 

film or 

travel film 

viewing) 

Tactile thresholds 

Method of Limits, 

using Modified 

von Frey fila-

ments  

Pain thresholds 

Method of limits, 

using 

vulvalgesiometer 

(spring-based 

pressure device 

with cotton swab 

tip) 

Sexual arousal 

Labial thermistor 

clip on labium 

minus 

Vulvar vestibule (9-

o’clock)  

Inner aspect of labium 

minus 

Volar surface of 

foreram 

Genital vs. 

extragenital 

sites 

Forearm more 

sensitive to 

touch than 

genital sites. 

Vestibule more 

sensitive to 

touch than 

labium minus. 

Labium minus 

more sensitive 

to pain than 

forearm. 

Controls vs. 

VVS 

VVS subjects 

more sensitive 

to touch and 

pain than 

healthy controls 

under both 

erotic and non 

erotic condi-

tions 

Sexual arousal 

had no effect 

on extragenital 

sensation 

(forearm) 

Forearm, 

though more 

sensitive to 

touch, was 

less sensitive 

to pain than 

the labia. 

Data suggest 

dyspareunia in 

VVS patients 

not due to lack 

of arousal 

[20] 

 

 A few studies have compared sensory perception among 
various sites on the vulva. A US study among 17 premeno-
pausal women found slightly lower sensitivity to touch on 
the perineum, comparable sensitivity on the labia majora, 
labia minora, and clitoris, and slightly higher sensitivity on 
the anal verge [24]. A Canadian study of 13 premenopausal 
women found the one o’clock position of the vulvar vesti-
bule to be more sensitive to touch than the 6- or 9-o’clock 
positions or the inner aspect of the labium minus [21]. An-
other study among 20 premenopausal women found the 9-
o’clock position of the vestibule to more sensitive to touch 
than the labium minus [20]. As noted earlier, a Dutch study 
reported that the vaginal wall was less sensitive to mild elec-
tric current than the labia majora, labia minora or clitoris 
[19].  

 As is the case at extragenital sites, vulvar sensitivity to 
mechanical stimuli deteriorates with age. A US study of 58 
women aged 20-78 found that age affected both genital and 
peripheral sensation: vibratory thresholds increased progres-
sively with age at the vulva, clitoris, external urethral mea-
tus, perineum, and ankle [23]; on the vulva, the age effect 
first became apparent in the 30-39 age group. A study per-
formed in Israel among 89 women aged 18-78 found that 
sensitivity to vibration decreased with age on the clitoris and 
on the anterior vagina, but that the effect of age on clitoral 
sensitivity was smaller [25]. In the latter experiment, the 
effect of age on vulvovaginal sensitivity to thermal stimuli 
was less straightforward: sensitivity to warmth decreased 
with age on the clitoris but remained constant on the anterior 

vagina; however, sensitivity to cold decreased with age on 
the anterior vagina but remained constant on the clitoris [25]. 
One small study examined the impact of the menstrual cycle 
on vulvar sensitivity to vibration, and found no effects at the 
clitoris, the hands, or the feet [22]. 

 Along with age, the menopausal transition and the asso-
ciated decline in estrogen levels appear to be critical deter-
minants of the perception of touch on the vulva. The impact 
of estrogen status on vulvar and perineal sensitivity to punc-
tate touch was demonstrated in a study of 38 women divided 
into five comparison groups: (1) premenopausal and post-
menopausal women; (2) normoestrogenic women (premeno-
pausal women and postmenopausal women on estrogen re-
placement therapy) and hypoestrogenic women (post-
menopausal women not on estrogen replacement therapy); 
(3) women with and without clinical signs of vulvar atrophy; 
(4) neurologically impaired women and healthy controls 
matched by age, parity and estrogen status; and (5) women 
reporting sexual dysfunction and controls. Semmes-
Weinstein monofilaments were used to apply different inten-
sities of punctate pressure to the glans clitoris, and bilateral 
sites on the labium minus and perineum, and the anal verge.  

 A clear effect of estrogen on vulvar sensitivity to punc-
tate touch was demonstrated, with menopause, non-use of 
estrogen replacement therapy, and vulvar atrophy all associ-
ated with decreased clitoral, labial and overall vulvar sensi-
tivity [24]. For perspective, thresholds to touch, averaged 
over all vulvar sites (clitoris, labium minus, perineum and 
anal verge), were 4.6-fold lower in normoestrogenic com-
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pared to hypoestrogenic women. Sexual dysfunction and 
neurological impairment also correlated with loss of vulvar 
sensitivity to touch. 

 Clinical trials of topical estrogen therapy support the 
conclusion that estrogen stimulation helps maintain vulvar 
sensory perception to touch. A prospective controlled trial 
examined the impact of topical estradiol cream applied to the 
vulvar vestibule and vaginal wall (either with and without 
biofeedback) in women with urogenital complaints aged 60 
or older [26]. Topical estradiol cream was associated with a 
significant increase in vulvovaginal sensitivity to touch that 
improved as the duration of therapy progressed (specifically, 
after 4 weeks and 6 weeks of treatment). The greatest im-
provements occurred in women aged 70-79.  

 Lastly, a US study of women aged 20-78 found that 
whereas age affected both genital and extragenital vibratory 
sensation, menopausal status affected genital sensation only 
[23]. Taken together, these data indicate that the perception 
of punctate touch and vibration on the vulva and vagina is 
critically and uniquely dependent on estrogen status.  

 The perception of provoked vulvar pain is an issue of 

clinical importance. Some women with no identifiable pa-

thology experience localized pain when pressure is applied 
to the vulvar vestibule. This idiopathic pain condition is 

known as provoked vestibulodynia or vulvar vestibulitis 

syndrome (VVS). Although a discussion of VVS is beyond 
the scope of this review, it is worth noting that QST has re-

vealed objective, quantifiable differences in pain perception 

in women with this condition. Two Canadian studies exam-
ined vestibular perception of filament touch and touch-

induced vestibular pain in premenopausal VVS patients and 

controls [20, 21]. A study with 13 nulliparous patients and 
13 controls found tactile and pain thresholds on the vestibule 

to be dramatically lower in VVS patients than in controls. 

Specifically, tactile thresholds were about 4-fold lower and 
pain thresholds about 7-fold lower in VVS patients; moreo-

ver, levels of pressure that were perceived as touch by 

healthy controls caused pain in some VVS patients, and 
thresholds to touch in VVS patients were imperceptible to 

the controls [21]. A separate study examined the sensitivity 

of the vulvar vestibule to touch and pressure under neutral 
(travel film viewing) and erotic (erotic film viewing) condi-

tions [20]. A labial thermistor applied to labium minus regis-

tered the level of arousal. Results showed the forearm to be 
more sensitive to touch than genital sites (vestibule or labium 

minus) but less sensitive to pain. On the vulva, the vestibule 

was more sensitive to touch than the labium minus. As in the 
previously cited study, VVS patients were more sensitive to 

vestibular touch than controls; sexual arousal increased ves-

tibular sensitivity to touch in both patients and controls. 
However, in VVS patients, arousal also increased vestibular 

sensitivity to pain, whereas in healthy women, the pain sensi-

tivity of the vestibule was unaffected. Sexual arousal had no 
impact on the sensation threshold to touch at an extragenital 

site (forearm). These data indicate that VVS patients have 

measurably heightened sensitivity to both vestibular touch 
and pain; moreover, dyspareunia in these patients is not nec-

essarily due to a lack of sexual arousal but in fact may be 

exacerbated by it. 

 In summary, quantitative sensory testing (QST) indicates 
that the vulva is less sensitive to mechanical stimuli (touch, 
pressure) than some peripheral sites (e.g. the hand, forearm, 
deltoid muscle, thigh and abdomen); that vulvar sensitivity to 
punctate touch and vibration decreases with age; and that the 
perception of these stimuli deteriorates profoundly with the 
decline in physiological estrogen levels after menopause but 
can be restored with topical estrogen supplementation. QST 
also demonstrated that young women with VVS have a 
measurable, heightened sensitivity to vestibular touch and 
pain and that stimulus intensities perceived as touch by 
healthy women elicit pain in VVS patients. 

SUBJECTIVE VULVAR SENSATION IN CON-
TROLLED TRIALS OF EXTERNAL HYGIENE 

PRODUCTS 

 Further perspective on vulvar sensation is gained from 
prospective, randomized trials of external feminine hygiene 
products (menstrual pads, panty liners, and feminine wet 
wipes) in which participants reported sensory experiences of 
a more subjective quality. Over the past 26 years, dozens of 
randomized trials in various parts of the world have assessed 
observable vulvar irritation and subjective sensory effects 
associated the use of such products (reviewed in [27, 28]). 

 Women who use feminine hygiene products report a low 
frequency of vulvar sensory effects (such as rubbing, chaff-
ing, burning, itch, or a moist, wet, sticky, or sweaty feeling). 
Data from a prospective randomized trial conducted in 
Greece are representative [29]. This trial in 115 menstruating 
women aged 18-45 assessed the skin effects of two thin 
menstrual pads that differed solely in the surface covering. 
Participants wore the assigned pads for menstrual protection 
over two consecutive cycles, and all participants wore the 
same panty liner design between menstrual periods. Objec-
tive visual scoring after each menstrual period or intermen-
strually (close to midcycle) revealed few instances of visu-
ally perceptible vulvar irritation in either product group. A 
low frequency of sensory effects, specifically rubbing, itch-
ing and burning, was reported. About 1% percent to 2% of 
participants in each group reported any such effects after the 
first cycle; the frequency of reports dropped to between 0.4% 
and 1% after the second cycle. 

 Subjective sensory effects are less quantifiable and more 
complex that the simple perception of a single physical 
stimulus: rubbing is the perception of a mechanical stimulus 
(touch) combined with friction; the sensation of wetness may 
be a combination of the perception of fluid contact combined 
with a sensation of cooling through heat transfer and evapo-
ration; itching and burning are subjective pathological sensa-
tions. Nevertheless, the frequencies of such effects in differ-
ent groups of women also yield useful information on vulvar 
sensation. 

 A prospective trial of feminine wet wipes and dry toilet 
tissue conducted in France among groups of pre- and post-
menopausal women is instructive. The trial examined both 
clinically observable skin irritation and wetness and subjec-
tive sensory responses to the two types of products in 120 
premenopausal women aged 18–45 and in 60 postmeno-
pausal women aged 55 to 80 who were not on hormone re-
placement therapy [30]. Participants used either the wet 
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wipes or dry tissue for menstrual or post-urination cleansing 
for 28 consecutive days (beginning 2-4 days before the onset 
of menstrual flow in premenopausal women). Premenopausal 
women were assessed on days 2-4 of the cycle and 2-4 days 
prior to the onset of the menstrual period. Postmenopausal 
women were assessed on study days 14 ± 2 and 28 ± 2.  

 In this study, objective vulvar erythema was either not 
observed, barely discernible, or slight in both product 
groups, with no statistical difference in frequencies between 
them. Reported sensory effects included slight burning, itch-
ing, or stinging (in both product groups) and a wet or sticky 
sensation (reported in the wet wipe product group only).  

 The frequencies of vulvar burning and itching in this 
study did not differ by menopausal status. A slight burning 
sensation was reported by 14% and 12.9% of premenopausal 
and postmenopausal wipes users, and by 1.8% and 3.4% of 
pre- and postmenopausal tissue users, respectively. Slight 
itch was reported by 1.6% and 3.2% of premenopausal and 
postmenopausal wipes users, compared to 7% and 0%, of 
premenopausal and postmenopausal of tissue users, respec-
tively. 

 Interestingly, the frequency of reports of vulvar wetness 
was not significantly different between premenopausal and 
postmenopausal wet wipes users (frequencies of 8% and 
10%, respectively), despite a clinically observable and statis-
tically significant increase in skin moisture on the labia ma-
jora and perineum of postmenopausal women upon clinical 
examination. This observation is notable because it suggests 
that the perception of heightened vulvar wetness may have 
been attenuated in postmenopausal women. Postmenopausal 
women significantly preferred wet wipes to dry tissue for 
comfort (84% of postmenopausal compared to 54% of 
premenopausal women rated the wet wipes excellent to very 
good for comfort.) An improvement in skin hydration may 
have contributed to their experience of greater comfort with 
the wet wipe product compared to dry tissue, if the post-
menopausal vulvar tissue was atrophic. The experience of 
“comfort” could reflect a summation of several sensory ef-
fects. 

 Stinging was the only sensory reaction for which re-
ported frequencies differed by menopausal status. Stinging is 
not an end-point typically associated with dry articles; 2% of 
premenopausal and 3% of postmenopausal women in the 
toilet tissue group reported slight stinging. Wet wipes users 
were more likely to report stinging, and premenopausal users 
reported a slight stinging sensation significantly more fre-
quently than postmenopausal users (17% vs. 9.6%). This 
observation suggests that the sensory perception of sting on 
the vulva may be somewhat muted after menopause. The 
sensation of sting is of interest because dermatologists use 
the sting response to topically applied lactic acid as a surro-
gate marker for skin that is hyper-reactive to wind, tempera-
ture and chemical stimuli [31].  

 In summary, in a study of potential skin irritation and 
vulvar sensory effects of wet wipes, the sting response was 
less frequent in postmenopausal women; moreover, these 
women did not perceive vulvar skin to be wet with any 
higher frequency following use of the wet wipes, even 
though this product led to a clinically discernible rise in vul-

var wetness among these women when compared to 
premenopausal wipe users. Consequently, sensations of sting 
and wetness appear to have been attenuated in postmeno-
pausal women. However, perceptions of burning and itching 
were unaffected by menopausal status. We speculate that the 
perception of burning and itching on the vulva may be con-
served to a greater degree with age because these sensations 
play a role in signaling pathology (e.g. vulvovaginal infec-
tion, contact dermatitis, and systemic vulvar dermatoses). 
Indeed, some pathological conditions that accompanied by 
itch (e.g. lichen sclerosus) are more prevalent in older 
women. 

EPIDEMIOLOGIC STUDIES OF GENITAL SENSA-
TION 

 A large percentage of people in industrialized countries 
consider their skin to be “sensitive” [32-34], although this is 
a self-declared condition lacking objective diagnostic crite-
ria. Few systematic studies have been performed on ethnic 
differences in genital sensory perception. Limited evidence 
comes from a large epidemiological study of the perception 
of sensitive skin in the US by age, gender and ethnicity, 
based on responses to a questionnaire among 1039 people 
[32]. The perception of having slight, moderate, or very sen-
sitive skin on the face or the body did not depend on ethnic-
ity, but a higher percentage of African Americans (66.4%) 
than whites (54.2%) perceived their genital skin to be sensi-
tive. This was true of both genders: 65% of African Ameri-
can men and 37.3% of white men reported genital skin sensi-
tivity; 66.7% of African American women compared with 
57% of white women considered their genital skin to be sen-
sitive. Interestingly, older people were also more likely to 
claim sensitivity on the genitalia but not on the face and 
body. The characteristics of the sensations leading to these 
perceptions of sensitivity were not reported. 

CONCLUSIONS 

 Quantitative sensory testing has been used to assess the 
perception of mechanical, thermal, and electrical stimuli on 
various parts of the anatomy, including the external female 
genitalia. QST studies indicate that in healthy women, the 
vulva is less sensitive to mechanical stimuli (touch, pressure) 
than some peripheral sites (e.g. the hand, forearm, deltoid 
muscle, thigh and abdomen). Perhaps the relatively low sen-
sitivity of the labia minora, vestibule, and vagina to me-
chanical stimuli in healthy women represents an adaptation 
to the mechanical forces endured during sexual intercourse 
and childbirth. Interestingly, evidence also exists that the 
vulva is relatively insensitive to skin irritation induced by 
either menses or blood when compared to extragenital sites 
such as the skin of the upper arm. This could be a necessary 
adaptation to menstruation [35]. 

 Sensitivity to punctate mechanical stimuli on the vulva in 
healthy women decreases with age, although limited data 
suggest that clitoral sensitivity to mechanical stimuli does 
not deteriorate as rapidly with age as does the perception of 
such stimuli at other vulvar sites. Although the sensitivity to 
mechanical stimuli declines with age both on the vulva and 
at extragenital sites, the decline in vulvar sensitivity to punc-
tate touch is linked to the level of estrogen stimulation of the 
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vulva: perception declines after menopause, but is restored 
by systemic or topical estrogen supplementation. Estrogen 
was not shown to affect perception of these stimuli at ex-
tragenital sites. 

 One caveat is that conclusions about the postmenopausal 
decline in vulvar sensitivity to touch are based on applying 
fine punctate pressure to defined locations. Perception of 
other types of stimuli may not be affected in the same way. 
For example, the mechanical properties of vulvar tissue, skin 
barrier function, and vaginal lubrication are altered after 
menopause, and postmenopausal women report higher levels 
of subjective sensations, such as irritation and discomfort, 
associated with these atrophic vulvar changes [36, 37]. Sub-
jective sensory effects reported in clinical trials provide fur-
ther evidence that estrogen status does not affect all forms of 
vulvar sensory perception in the same way. In clinical trials 
of external hygiene products, the frequency of slight vulvar 
burning and itching in response to physical contact with wet 
wipes or dry tissue was unaffected by menopausal status, but 
the stinging response (which, when measured on the face, is 
often associated with hyper-reactive or “sensitive” skin) ap-
peared to be muted in postmenopausal women. Different 
sensory pathways in the vulva may be differentially affected 
by age or estrogen status. 

 Lastly, in contrast to healthy women, women with a pain 
dysfunction known as provoked vestibulodynia (vulvar ves-
tibulitis syndrome, or VVS) have a measurably heightened 
sensitivity to vestibular touch and pain; mechanical stimulus 
intensities perceived as touch by healthy women elicit pain 
in VVS patients. QST studies have been helpful in quantify-
ing and validating these differences.  

 Although the techniques reviewed herein provide some 
insights, systematic inquiry into vulvar sensory perception is 
hindered by the lack of standardized assessment methodolo-
gies for this morphologically complex tissue. Foundational 
work is needed to validate the experimental conditions used 
and to enable comparisons between experiments. Moreover, 
in the vulva, glabrous and semiglabrous keratinized skin are 
juxtaposed with areas of nonkeratinized mucosa, tissues that 
differ in their embryonic derivation and structure [38]. Fac-
tors such as labial shape and thickness may affect the way 
the stimuli are applied, and stimulus of the labia may affect 
sensation at other sites, such as the clitoris or vulvar vesti-
bule. For example, in our laboratories, we (DZ) have found 
that a non-painful increase in physical traction on the labia 
majora increases the pain sensitivity of the vulvar mucosa 
(vestibule) by an average of 30% (unpublished data). Fur-
thermore, the direction of pressure applied to the vestibular 
mucosa (tangential vs. perpendicular) significantly affects 
sensory perception at this site, but has only a marginal effect 
on glabrous skin (unpublished data). The challenge of assess-
ing sensation on closely juxtaposed skin and mucosal sites 
that vary both anatomically and functionally is not unique to 
the vulva: orofacial researchers address similar challenges 
[39] and some of their approaches may be useful to the study 
of vulvar sensation. Future research will seek to standardize 
and validate conditions for applying stimuli and measuring 
responses and investigate various anatomical, neurological, 
and dermatological factors that affect vulvar sensory percep-
tion.  
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