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Quantitative Assessment of Nocturnal Penile Tumescence
and Rigidity In Normal Men Using a Home Monitor

ALLEN S. BURRIS, STEVEN M. BANKS, AND RICHARD J. SHERINS

Current methods now permit the measurement of
nocturnal penile tumescence and rigidity (NPTR) in men
with erectile dysfunction. But the relationship of rigidity
to tumescence and the changes in rigidity with age have
not been defined in nornal men. Accordingly, the authors
assessed NPTR in 47 normal men using a portable, take-
home monitor (Rigiscan). Penile tumescence time was
found to decrease with advancing age (p < 0.05), whereas
the number of erectile episodes and penile rigidity did
not significantly change with age for men in the third
through sixth decades (p < 0.05). Using area-under-the-
curve as an integrated measure of amplitude and
duration, significant correlations between tumescence
and rigidity (p < 0.001), and between tip and base
measurements (p < 0.001) were found. With these
normative data, prospective studies should determine the
sensitivity and specificity of various NPTR parameters
in the diagnosis of erectile dysfunction.
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Nocturnal penile tumescence (NPT) monitoring

provides a measure of the physical integrity of the
erectile mechanism (Marshall et al, 1982). Tech-
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niques for monitoring NPT have been limited to
the measurement of penile tumescence, whereas,
penile rigidity has been quantified only by measuring
penile buckling force (Karacan and Moore, 1986).
A recently developed NPT instrument (Rigiscan:
Dacomed Corp. Minneapolis, MN) now provides
simultaneous, continuous measurement of both
tumescence and rigidity (Bradley et al, 1985).
Normative values for penile rigidity, however, have
not been established. Accordingly, this study
assessed nocturnal penile tumescence and rigidity
(NPTR) in normal men of various ages using the
Rigiscan instrument in order to define the changes
in NPTR with age, to determine the relationship
between rigidity and tumescence, and to delineate
normal values for NPTR parameters. This study
sought to establish normative data for future studies
of men with erectile dysfunction.
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Materials and Methods
Subject Selection

Forty-seven men between the ages of 21 and 75 yr
(mean =+ standard deviation [SD], 40.6 &+ 13.3) participated
in the study. The subjects were healthy volunteers
recruited from the NIH campus and surrounding
community. All subjects were free of medications at the
time of study. Participants had normal sexual function
by history (libido, potency), a normal sleep history, and
a normal physical examination including measurement of
testicular volume. Screening laboratory data (biochemical
profile, complete blood count, urinalysis, and thyroid
function tests) and serum concentrations of testosterone,
sex hormone binding globulin, LH, FSH and prolactin were
within the range of normal for our laboratory (data not
shown). The study protocol was approved by the National
Institutes of Health Institutional Review Board, and
informed consent was obtained from each subject prior
to starting the study.

NPTR Instrument and Technique

The Rigiscan NPTR instrument is a portable unit worn
on the subject’s thigh in a cloth pouch. The instrument
can be used at home or in a hospital, but does not require
asleep laboratory. Connected to the instrument via flexible
cables are two soft loops, which are applied to the tip
and the base of the penis. The loops gently contract at
intervals of 15 seconds, applying pressure to the penile
shaft with each contraction. Tumescence (penile circum-
ference) is measured during each loop contraction every
15 sec and rigidity (penile hardness) is measured during
alternate contractions every 30 sec. Tumescence is
expressed in cm (range: 5-15 cm), and rigidity in percent
relative to a standard hard-rubber cylinder (range: 0-100%
of standard). Measurements obtained during three sleep
sessions (maximum 10 h per session) are stored in internal
memory and are later downloaded into a microcomputer
for processing. The processed data, including a data
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summary table, are stored on disk and can be displayed
and printed graphically (Fig. 1). The NPTR instrument
is initially calibrated by the manufacturer, and can be
checked for accuracy with a foam cylinder of known
circumference and hardness. Further details concerning
instrument design and technique have been published
(Bradley et al, 1985). At the time of the initial clinic visit,

_subjects were instructed in the use of the NPTR

instrument. Subjects were told to place the loops on their
penis and turn the instrument on immediately before
retiring, and to turn the instrument off upon awakening.
Subjects were requested to use the instrument at home
for three nights (sessions) and to abstain from drugs,
alcohol, and caffeine-containing beverages in the evening
prior to each session. Subjects were also told to refrain
from sexual activity while using the instrument.

NPTR Analysis

The NPTR data processing program yields a number
of NPTR parameters from each session: (1) sleep time
(ST), the length of time that the instrument was on; (2)
minimum and maximum tumescence, measured at the tip
and base; and (3) maximum rigidity, tip and base. Delta-
tumescence ( Stum; [maximum-minimum tumescence] in
cm) and the fractional change in tumescence (Stum/
[maximum tumescence-6tum]) were calculated for both
tip and base.

The number of erectile episodes and total tumescence
time were measured manually from a printed, graphic
display of each session. In the absence of any standardized
criteria in the literature, an erectile episode was defined
as a 0.75 cm increase in base tumescence (over baseline)
that was sustained for at least 10 min (0.167 h); this
empirical definition is in keeping with the instrument’s
design (Bradley et al, 1985). Total tumescence time (TTT)
was defined as the total duration of all erectile episodes
at the base. Using these parameters, this study calculated
the ratio of tumescence time to sleep time (TTT/ST), the
number of episodes per hour of sleep ([# of episodes)/
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TABLE 1. Mean (+ SEM) NPTR Parameters in Normal Men by Decade

Episodes Tumescence
Episodes Total Tumescence per hour time per .
Age Sleep Time per Session Tumescence  Time per of sleep episodet A—Tumescence (cm) Fractional A—Tumescence

(Year) (hour) (number)  Time (hour)t hour of sleept  (no./hour) (hour) tip* base tip* base
20-20 6261016 37+02 250+015 0401003 060+004 0681004 50102 49+02 0781004 0691003
(n=11)

3039 655+034 40+03 254+024 038+003 061+003 065+005 52+03 50+03 082+005 0711004
(n=12)

4049 6111027 42104 206+023 033+003 068+004 049+003 42102 53+02 066+003 0751004
(n=10)

50-50 6681040 35103 160+019 025+003 053+005 050+007 42103 47+01 069+006 0691002
(n=10)

6069 7311022 32+05 125+020 0171002 044105 0411001 48402 52+02 073+005 0691008
(n=2)

>70 734+011 27+10 079+034 011+005 036+0.14 028001 39102 51+08 061+002 071+0.15
(n=2)

All 6481014 38101 210+012 033+002 059+002 056+003 47101 50+01 074+002 0711002
subjects

(n=47)

Intersubject

variance 0.82 067 163 250 0.88 0.65 078 1.49 0.45 150
Intrasubject
variance
*P < 0.05 versus age.

1P < 0.001 versus age.

Numbers in parentheses indicate the number of subjects in each group.

ST), and the average tumescence time per episode (TTT/
[# of episodes]).

In order to incorporate both amplitude and duration
in a single measure we computed area-under-the-curve
values (AUC) for tumescence and rigidity (tip and base).
AUC was derived by computer and expressed as cm/h
for tumescence or (% standard) h for rigidity. This method
approximates the area under a curve by calculating the
area of a series of rectangles:

AUC=tXT,

where T, is each tumescence (or rigidity) data point, and
t equals 0.0042 h (15 sec) for tumescence (or 0.0084 h
[30 sec] for rigidity). Only those tumescence or rigidity
data points that fell within erectile episodes, as previously
defined, were used in the calculation of AUC. Further-
more, each tumescence data point was expressed as the
change from baseline (average minimum tumescence)
rather than the absolute tumescence value to minimize
differences in flaccid penile size.

Statistical Methods

The data are shown as mean + standard error of the
mean (SEM). A fixed-effects model analysis of variance
(ANOVA) was used to compare the three recorded
sessions, whereas a random-effects model ANOVA was
used to determine within-subject and between-subject
variability (Snedecor and Cochran, 1980). Relationships
between NPTR parameters were tested by Spearman’s
rank correlation (Snedecor and Cochran, 1980). The
Shapiro-Wilk test for normality was used to determine

the distribution characteristics of each parameter (Shapiro
and Wilk, 1965). If a parameter fit a normal distribution
curve, then the lower fifth percentile was estimated using
normal distribution theory. If a parameter was not
normally distributed, then the lower fifth percentile was
derived by linear extrapolation from the empirical
distribution function (Fisher, 1969). A p value < 0.05 was
considered statistically significant.

Results
Variability of NPTR Measures

All subjects used the Rigiscan instrument for at
least two nights, and 44 of 47 subjects (94%)
completed three sessions. Contrary to initial
expectations, there were no statistically significant
differences between the three sessions for all NPTR
parameters (p < 0.05). Accordingly, the data for each
subject were combined from all recorded sessions
to yield a mean for each parameter for that
individual.

The between-subject and within-subject (replicate
error) variability was expressed as a ratio of variances
for each NPTR parameter (Tables 1 and 2, bottom
row). Between-subject variability was greater than
within-subject variability (ratio > 1.0) for total
tumescence time (TTT), tumescence time per h (TT/
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TABLE 2. Mean (+ SEM) NPTR Parameters in Normal Men by Decade
Maximum Area-under-the-curve
Age Maximum tumescence (cm) rigidity (% standard) Tumescence (cm. hour)  Rigidity (% of Standard hour)
Year tipt base tip base tipt base* tip base
20-29 114102 120+ 03 776+ 35 76.7 £ 3.2 822+103 101.7t11.1 658+ 149 750172
(n=11)
30-39 11.5+03 121103 769 + 3.3 802+ 22 879+ 110 101.1+126 577+ 88 679+ 93
(n=12)
40-49 10.7 £ 03 123102 79.7 £ 29 854 +24 713+ 86 11271116 559+ 85 860+ 128
(n=10)
50-59 104+04 118+0.2 822146 84.11+21 52.0 £ 10.1 675+ 72 533+109 662+ 75
(n=10)
60-69 11.5+00 1271+04 675195 727 £ 0.0 57.7 +28.7 723 £ 30.0 28.8 + 20.2 385+ 11.2
n=2)
=70 103+04 1231+ 04 473127 61.21+ 145 228+ 90 3441168 95+ 64 212+ 155
(n=2)
All 11.0+ 02 121+ 0.1 771+19 801+ 15 714+ 52 925+ 5.8 550+ 52 698+ 4.7
Subjects
(n=47)
Intersubject
variance 1.39 3.02 1.89 0.99 1.25 184 1.00 1.30
Intrasubject
variance
*P < 0.05 versus age.

1P < 0.01 versus age.

Numbers in parentheses indicate the number of subjects in each group.

h), maximum tumescence and rigidity, and AUC
(tumescence and rigidity). In contrast, between-
subject variability was less than within-subject
variability (ratio < 1.0) for sleep time, the number
of erectile episodes, and tumescence time per episode
(TT/epi). For delta-tumescence (absolute and
fractional 8tum), the between-subject variability was
greater than the within-subject variability at the base
(ratio 1.5) but not at the tip.

Relationship of NPTR Parameters to Age

Mean NPTR parameters for each decade are
shown in Tables 1 and 2. Parameters relating to
the duration of tumescence (Fig. 2) decreased linearly
with age (r = —0.55 for TTT, r = —0.57 for TT/
h, r = —0.60 for TT/epi; p = 0.0001). In addition,
absolute (and fractional) 8tum at the tip (r = —0.41,
p < 0.01) and AUC-tumescence (tip, r = —0.38, p
< 0.01; base r = —0.33, p < 0.05 [Fig. 3]) decreased
significantly with age. However, sleep time, the
number of episodes per session, the number of
episodes per hour of sleep (Fig. 4), and measures
of rigidity (maximum rigidity, AUC-rigidity [Fig. 3])
did not change significantly with age (p < 0.08).

The lower fifth percentile by decade for selected
NPTR parameters is shown in Table 3. Since
maximum tumescence (tip) did not fit a normal

distribution, the lower fifth percentile was derived
by linear extrapolation from the empirical distribu-
tion function (Fisher, 1969).

Other Relationships between NPTR Parameters

Maximum tumescence, AUC-tumescence, and
AUC-rigidty were greater at the base than at the
tip over all decades (Table 2). This same relationship
between base and tip was noted for maximum
rigidity and Stum, although subjects in the second
decade (both parameters) and third decade (6tum
only) had nearly equal values for base and tip. A
significant correlation between tip and base was
noted for maximum tumescence (r = 0.31, p < 0.05),
maximum rigidity (r = 0.62, p = 0.0001), AUC-
tumescence (r = 0.82, p = 0.0001), and AUC-rigidity
(r = 0.89, p = 0.0001).

AUC-tumescence and AUC-rigidity were highly
correlated at both tip (r = 0.76, p = 0.0001) and base
(r = 0.69, p = 0.0001). Furthermore, a correlation
existed between maximum tumescence and rigidity
at the tip (r = 0.312, p < 0.05), but was of borderline
significance at the base (r = 0.26, p = 0.08).

Discussion
The Rigiscan NPTR monitor provided highly
reproducible measurements of penile tumescense
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Fig. 2. Mean total tumescence time (top panel), tumescense
time per hour sleep (middle panel), and tumescence time per
erectile episode (bottom panel) are plotted against age for 47
normal males. All parameters correlated significantly with age
(p = 0.0001).

and rigidity in this study of normal men. Because
the monitor does not require a sleep laboratory, it
can be used at home, which reduces the cost of
testing and maximizes patient privacy. In contrast
to previous studies of NPT conducted in sleep
laboratories, this study did not observe a first-night
effect (Karacan and Moore, 1986), and found that
the data varied insignificantly from session-to-
session. Although studies of NPTR without sleep
monitoring could be misleading if sleep were
disrupted (Pressman et al, 1986), the present results
indicate a high degree of patient comfort with the
instrument (94% of subjects completed three nights
of study). An important feature of the instrument
is its ability to record dynamic changes in rigidity,
as opposed to static measurements of rigidity by
axial buckling force (Karacan and Moore, 1986).
Assessment of penile rigidity is particularly
important since both tumescence and rigidity are
needed for adequate sexual functioning (Wein et al,
1981).

In keeping with previous studies in normal men
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Fig. 3. Mean area-under-the-curve (AUC) values for
tumescence (left panel) and rigidity (right panel), measured at
the tip (upper graphs) and base (lower graphs), plotted against
age for 47 normal males. Tumescence was significantly related
to age (p < 0.05), whereas rigidity was not (p = NS).

(Karacan et al, 1976), this study found that total
tumescence time declined significantly with age. In
contrast to previous work (Karacan and Moore,
1986; Karacan et al, 1976), however, the number
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Fig. 4. Mean sleep time (top panel), the number of erectile
episodes per night (middle panel), and the number of erectile
episodes per hour sleep (bottom panel) are plotted against age
for 47 normal males. None were significantly related to age
(p=NS).
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TABLE 3. Lower 5th Percentile of Selected NPTR Parameters by Decade
Episodes Total Tumescence A —tumescence,  Maximum Area under the Curve, tumescence
Age per tumescence time per tip tumescence, tip base
(year) Session (hour) hour sleep (cm) tip (cm) (cm/hour)
20-29 24 1.50 0.25 36 9.8 35.2 458
30-39 23 1.17 0.20 34 9.6 237 353
40-49 21 0.83 0.14 3.1 9.2 15 241
50-59 19 0.47 0.09 28 89 <10 121
60-69 1.7 0.10 0.03 25 86 <10* <10*
=70 15 <0.10" <0.03* 22 8.2 <10* <10*
Al
subjects 22 0.79 0.13 3.1 8.7 127 269

*Small number of subjects in these groups did not permit a more precise estimation of value.

of erectile episodes per session did not significantly
change with age. Surprisingly rigidity was not age-
related. Observations of men in the seventh and
eighth decades, however, were limited by a small
sample size. AUC-rigidity was highly correlated with
AUC-tumescence, confirming clinical and experi-
mental observations (Lue and Tanagho, 1987) that
tumescence and rigidity increase simultaneously
during an erection. Similarly, although most
measures at the base were greater than at the tip,
the AUCs of tumescence and rigidity at the base
and tip were highly correlated. Ratios of tip and
base measures were also examined, but the ratios
had unacceptably large replicate errors (data not
shown).

The approach to interpretation of the NPTR
phenomenon in the present study was quantitative
rather than qualitative. The definition of an erectile
episode was empiric; a more useful (but unknown)
measurement would be the minimal tumescence and
rigidity needed for vaginal penetration. Our
definition allowed an erectile episode to be
distinguished from noise in computer analysis of
AUC. By quantitating tumescence and rigidity with
AUC our study integrated duration and amplitude
in a single measure and avoided overinterpreting
single peaks, as occurs with maximum rigidity, for
example (Fig. 1). Furthermore, AUC measurements,
as well as total tumescence time and maximum
tumescence, were among the most reliable NPTR
parameters in an analysis of between-subject and
within-subject variability.

The results indicate that the NPTR instrument
used in this study is a highly reproducible new
method for quantitating both rigidity and tumes-
cence in normal men. However, we recognize that
sleep records of NPTR may not precisely mimic

waking erectile functioning. Prospective studies will
allow us to determine the reliability of NPTR
measurements in the diagnosis of erectile
dysfunction.
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