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This prospective study aimed at determining whether nocturnal penile tumescence and rigidity
(NPTR) findings correlate to the neurologic disorders in spinal cord injured (SCI) patients suffering
from erectile dysfunction (ED). A total of 25 acute SCI male patients with post-traumatic ED
underwent neurological, electrophysiological and urodynamic examinations, respectively, as well
as NPTR recordings. The mean value for rigidity (R), tumescence (T) and duration (D) during NTPR
tests were 83.3%, 3.3 cm, 6.4 min in patients with a complete lesion above the sacral (S2–S4) spinal
cord (n¼ 10), 46.1%, 1.6 cm, 5.5 min in patients with a complete lesion involving the sacral
metameres (n¼ 5) and 89.8%, 3.8 cm, 29 min in patients with an incomplete suprasacral lesion
(n¼ 7). The differences among these groups were statistically significant (Po0.05). Patients with
lesions involving both sacral and thoracolumbar spinal cord showed no erections (n¼ 3). We found
four NTPR patterns: (1) normal R and T, short D; (2) weak R and T, short D; (3) normal R, T and D;
and (4) no erections, which can be assigned to different levels and completeness of spinal cord
lesions. Nocturnal erections of normal quality need preservation of thoracolumbar and sacral
neuronal control as well as partially intact connections of the spinal erection centres with brain
areas responsible for sexual arousal.
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Introduction

Although examinations of the neurogenic voiding
disorders of spinal cord injury patients are well
standardized, there is less agreement on how to
assess neurogenic impotence. Basic physiological
knowledge of the neurogenic control of human male
sexual function is mainly extrapolated from animal
studies1 or based on the clinical observation of
sexual disorders following a spinal cord lesion.2

Some of the diagnostic methods that have been
suggested to assess erectile dysfunction (ED) as
nocturnal penile tumescence recordings3 (NPTR),

intracavernous injections4 and corpus cavernosum
EMG5 are not sufficiently standardized or delicate to
perform. Moreover, most of these tests examine only
one component (vascular, psychogenic or neuro-
genic) of the complex erection phenomenon,
whereas others, especially NPTR, are controversial
regarding their diagnostic value.3,6 Up to now,
hardly any study has been published dealing with
NPTR findings in spinal cord injured (SCI) men
with a defined neurogenic lesion, which had
no ED before trauma. SCI men often suffer from
post-traumatic neurogenic ED, depending on the
level and completeness of the spinal lesion:
There are three nervous systems, that is, the
parasympathetic, sympathetic and the somatic,
which are involved in triggering erections and
which could be damaged after a spinal trauma.
With regard to the assessment of neurogenic ED
and for future checking of results after treatment,
we investigated whether NPTR findings in SCI
patients may correlate to different types of erectile
deficits.
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Population and methods

Patients

Between January 2001 and June 2002, 25 male SCI
patients aged 18–57 y (average: 35 y) admitted to our
spinal cord unit were examined prospectively. All
but one presented a traumatic spine lesion. All 25
were in the acute (ie less than 12 months after injury
but out of spinal shock phase): 18 were paraplegic
and seven tetraplegic patients. The spinal cord
lesion was incomplete in 12 cases and complete in
13 cases. All patients had normal preaccidental
sexual function, as reported by the patient himself
or by his sexual partner. None of the patients
presented peripheral neuropathy, brain damage or
endocrinal diseases, which could have influenced
their sexual function. The hormonal status (FSH, LH,
prolactine, testosterone) was normal in all cases.
The projected study received the full approval of the
Local Ethics Committee.

Anamnesis

Sexual anamnesis aimed at estimating pre- and post-
accidental erectile function was always obtained by
patient’s self-report and partner interview. Special
attention was given to the presence or absence of
reflexive and/or psychogenic erections.

Considering the traditional dichotomy of the
reflexive-psychogenic erection mechanisms, we de-
fined ‘reflexive erections’ (RE) as those elicited by
direct penile/perineal somesthesic stimulation and
mediated by sacral spinal segments.7,8 On the other
hand, ‘psychogenic erections’ (PE) were defined as
those resulting from any extrinsic nonsomesthetic
stimuli (visual, auditory, chemosensory) received
via the cranial nerves or elicited by erotic thoughts,
fantasy or memory.

Clinical, neurophysiological and urodynamical
examination

All patients underwent a complete neurological
examination in accordance with the ASIA scores.9

Special attention was given to the loss or preserva-
tion of voluntary contraction of the external anal
sphincter, to the bulbocavernous reflex (BCR) and to
the sensory impairment of the sacral dermatomes
S2–S5.

To define level and completeness of the spinal
lesion, electrophysiological examinations, compris-
ing BCR (tests integrity of the sacral conus and the
spinal sacral reflex volley), perineal sympathetic
skin responses (SSR: examine spinal efferent

sympathetic pathways to the genitalia) and puden-
dal somatosensory evoked potentials (pSSEP: assess
spinal afferent somatosensory nervous pathways
arising from the genitalia) were recorded regularly
in addition to clinical tests. Finally, all underwent
urodynamics in order to assess their neurogenic
bladder type (ie detrusor hyper-reflexia, areflexia
or normal micturition), according to the recommen-
dations of the ICS.10

Four patient groups were defined (Figure 2):
Group A (n¼ 10): level/completeness of the lesion
suprasacral/complete (C4–T8); group B (n¼ 5):
level/completeness of the lesion lumbosacral/com-
plete (L2–S3); group C (n¼ 7): level/completeness of
the lesion incomplete (C4–S2) and group D (n¼ 3):
lesion/completeness of the lesion thoracolumbar
and sacral/ complete (T8–S5: myelomalacia).

NPTR and audiovisual sexual stimulation

Erections were recorded noninvasively with a
conventional Rigiscans plus device (Dacomed Co-
operation, Minneapolis, MN, USA) provided with a
loop placed at the base and another at the tip of
the penis (Figure 1). All medications that could have
influenced the recordings were stopped at least 4
days prior to measurement. If used, urine condom
was removed during the recording period, the
bladder having been emptied by clean-intermittent
catheterization before placing the device. Nocturnal
tumescence recordings were obtained in 25 patients.
In four cases, nocturnal tumescence recordings were
completed by the recordings obtained during psy-
chogenic stimulation, the patients lying comfortably
on a bed watching an erotic movie and having
been asked not to masturbate.11 Normal NPTRs were
defined as: increase in rigidity 480%, changes in
the penile circumference of 41.5 cm (distal) and
42.5 cm (proximal), duration 410 min (plateau
45 min) and frequency of 43 erections/ 8 h record-
ing time.12

Testing of RE and PE

In addition to patient’s self-reports, RE capacity was
tested using a vibrator device (Elstar Elektronik AG,
Basel, CH) and PE potency was assessed with
audiovisual sexual stimulation (AVSS) using erotic
movies or literature.11

PGE1 intracavernous injection-test

In all patients, an intracavernous injection (ICI)-test
with 5–10 mg PGE1 was performed to exclude any
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major vascular disease. To avoid a possible negative
influence of the fear of injection and a sympathetic
induced detumescence, two consecutive tests were
obtained at 1-day intervals.

Statistical analysis

Statistical evaluation was performed using a SAS
software package. A variance analysis and subse-
quently the Scheffe’s test (level of significance
Po0.05) for the variables rigidity, tumescence and
duration was performed for paired comparison of
the four groups A–D.

Results

The results of the NPTR examinations are presented
in Table 1 and Figures 2 and 3.

Level and completeness of SCI and erection type

According to vibratory and AVSS test results, 15
subjects had either reflexive erections (n¼ 10, group
A) or psychogenic erections (n¼ 5, group B),
whereas seven had both types (group C) and three
were complete impotent (group D). All 17 patients
with complete or incomplete SCI above the conus
medullaris had RE potency. Of these patients, 10
with complete lesions (above both sacral and
thoracolumbar segments) had no PE, whereas the
seven with incomplete lesions preserved PE. All
five patients with complete lesion below the TL
level and conus/cauda equina injury presented with
PE but absent RE.

ICI-tests

All patients showed prompt (within 5 min). and
strong (480% rigidity; 43 cm tumescence) erections

Figure 1 The Rigiscans device (Dacomed Cooperation, Minnea-
polis, MN, USA) for NPTR recordings.

Figure 2 Neurogenic ED depends on the level and severity of the spinal lesion: sympathetic spinal erection centre involves metameres
T10–L2 and parasympathetic spinal erection centre involves metameres S2–S4. (a) Complete lesion above both thoracolumbar and sacral
erection centres. (b) Complete lesion on the level of the sacral erection centre. (c) Incomplete lesion above or between thoracolumbar and
sacral erection centres. (d) Complete lesion of both thoracolumbar and sacral erection centre (myelomalacia).
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of at least a duration of half an hour, indicating good
relaxation of cavernous tissue.

NPTR findings

In all 10 SCI patients of group A, mean penile
rigidity and tumescence measured during NPTR
were normal (83.378.5% and 3.370.9 cm, respec-
tively), whereas erection duration was too short
(6.473.7 min). In all these cases, preserved NPTR
contrasted with absence of psychogenic erections.
Urodynamics showed detrusor hyper-reflexia. All
five patients of group B showed impaired NPTR;
however, they revealed psychogenic diurnal erec-
tions by absence of RE. In these cases, erections
were always of short duration (5.572.7 min) with
reduced rigidity (46.1713.4%) and tumescence
(1.670.6 cm). Three of these patients could not
perform sexual intercourse unless they were under
oral treatment. Urodynamically, they had detrusor
areflexia. NPTR were of normal quality (mean
rigidity 89.977.7%, mean tumescence 3.870.4 cm
and mean duration 29.178.5 min) only in the seven
motor and sensory incomplete SCI patients of group
C with preserved psychogenic as well as reflexive
erections. In all these cases, the electrophysiological
recordings were normal or only slightly altered and
urodynamics revealed normal or less disturbed
micturition. Finally, the three patients of group D
with complete injury of T8–S5 spinal segments
(myelomalacia) showed no measurable NPTR and
neither RE nor PE could be elicited. Urodynamic
recordings showed detrusor areflexia and bladder
neck incompetence.

Discussion

Neurogenic sexual dysfunction of SCI male patients
depends on the level and completeness of their
lesion. Reflexive erections occur in patients with
intact sacral conus and cauda equina, independent
of its central afferent connections to forebrain areas,
by a somatosensory pudendal afferent-autonomic
pelvic efferent spinal reflex volley. However, psy-
chogenic erections are observed in patients with
preserved sacral (S2–S4) erection centre and par-
tially intact central efferent connections or, in the
case of injured or disconnected conus, intact
thoracolumbar (T10–L2) segments, the lesion being
below L2.13,14

The neurological and urodynamic examinations
combined with patient’s anamnesis might indicate
the type of expected sexual disorders. However, in
many cases (about 30%) discordance between
patient’s self-report and clinical examination
exists, as patients often underestimate their erectileT
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capacity. The purpose of this study was to assess the
value of the NPTR measurement in SCI men with
neurogenic sexual dysfunction in order to get more
insight into the origin of different erection types
and to plan individual sexual therapy better.

We found four typical patterns of NPTR curves
in our SCI patients with statistically different
values for tumescence, rigidity and duration

(Scheffe’s test, Po0.05), which can be assigned to
different levels and completeness of spinal cord
lesions. The pattern clearly depends on the integrity
of the thoracolumbar (sympathetic: T10–L2) and the
sacral (parasympathetic: S2–S4) spinal erection
centres, respectively, and on their connections to
forebrain centres by autonomic supraspinal efferents
(descending in the intermediolateral column) as

Figure 3 Three types of NPTR patterns. (a) NPTR pattern in patients with complete lesion on the level of the sacral erection centre
(Group B). (b) NPTR pattern in patients with complete lesion above both thoracolumbar and sacral erection centres (Group A). (c) NPTR
pattern in patients with incomplete lesion above or between thoracolumbar and sacral erection centres (Group C). Normal NPTR pattern
could only be found in cases of partially preserved thoracolumbar and sacral erection centres, both of which still have connections to
higher brain centres (group C).
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well as by pudendal-mediated somatosensory affer-
ent pathways (ascending in the posterior spinal
column). Patients with a complete lesion above the
sympathetic (T10–L2)/parasympathetic (S2–S4) spinal
erection centres had strong but short nocturnal
erections despite the absence of waking psychogenic
erections (group A). This finding might be explained
by a centrally independent, uninhibited spinal
erection generator on sacral level, even if a direct
reflexive response to the Rigiscans recording
loops cannot completely be excluded. Patients with
preserved reflex erections but impaired or missing
perineal/penile sensibility, substantiated by strongly
disturbed or absent pSSEP, had erections of too short
duration, which disappeared as soon as the stimulus
(vibration) had stopped. This finding was in
accordance with strong, but short nocturnal erec-
tions. This fact underlines the importance of an
intact afferent somatosensory nervous pathway
projecting from pudendal sensory fibres up to
hypothalamic areas involved in sexual arousal.
The start of an erection is governed by the
autonomic nervous system via vasomotor control.
Erection duration then is maintained by somatosen-
sory afferent nerve impulses released by tactile
stimulation of the glans penis during intercourse.
These peripheral impulses seem to influence fore-
brain centres modulating sexual arousal, which in
return stimulate spinal erection centres.15–18 The
influence of penile sensory disorders on ED has
already been described by Bemelmans et al16 in 58
patients with complaints of too short and weak
erections, which had at least one abnormal neuro-
physiological measurement of their pudendal nerve.

However, patients with preservation of the sym-
pathetic thoracolumbar spinal centre (T10–L2) but
complete injury of the parasympathetic and somatic
sacral spinal centres (S2–S4) had poor and short
nocturnal tumescence and rigidity, despite diurnal
psychogenic erections (group B). For a long time,
the cerebrospinal pathway projecting on the sacral
erection centre was considered to mediate solely
psychogenic as well as nocturnal erections. If we
assume that in SCI patients with completely
destroyed reflexogenic sacral erection centre (S2–
S4), their thoracolumbar sympathetic erection cen-
tre (T10–L2) is not only responsible for detumes-
cence (via adrenergic transmitters 19,20), but also
becomes a proerectile function (via a still unknown
pathway), then our results underline the theory of a
sympathetic dichotomy, which was already de-
scribed by other authors in animal models and from
clinical observations in SCI patients.21–25 Accord-
ingly, our SCI patients with destroyed sacral conus
and preserved thoracolumbar metameres were still
able to get erections after audiovisual stimulation;
direct tactile stimulation of the glans penis never
resulted in erections in these cases. Whereas in
healthy men, the parasympathetic sacral erection
centre seems to play a major role in producing

reflexive and psychogenic erections as well as
nocturnal erections, our NPTR findings corroborate
the observation that many men with lesion of the
sacral conus maintain sympathetic induced pyscho-
genic and nocturnal erections.11,13,26,27 Whether this
phenomenon is due to a neuronal plasticity process
in a still intact thoracolumbar centre, which then
assumes a compensatory proerectile function, re-
mains to be proven. Transection and stimulation
experiments of the hypogastric nerve (HGN) in
animals showed controversial results.21–25

Nearly normal NPTRs could be observed only in
patients with incomplete lesions above or between
both erection centres, presenting with normal or
slightly disturbed electrophysiological (SSR, pSSEP,
BCR) and urodynamic recordings (group C). This
may be explained by the fact that both spinal
erection centres and their somatosensory afferent/
autonomic efferent connections to brain centres are
left more or less intact, allowing nearly normal
induction of erections. As was expected, patients
with a spinal myelomalacia involving lesions of
both the thoracolumbar as well as the sacral erection
centres lost any type of erections in clinical tests as
well as in NPTR measurements (group D).

The origin of nocturnal erections (sleep-related
erections), occurring during REM phases of sleep, is
still a controversial topic. For this reason, extensive
discussion has been undertaken in relation to
NPTRs and their validity in the assessment of
neurogenic function disorders.3,15,28,29 Recordings
do not always correlate with patient’s self-reports
about their own sexual capacity. This may be due to
the fact that erections recorded by NPTRs occur
during sleep under conditions that do not corre-
spond to waking erectile function. It seems that
nocturnal erections and waking PE/RE are generated
by different neuronal mechanisms. To our knowl-
edge, there is only one experimental approach in a
rat model dealing with the neurophysiology of REM
sleep-related erections by Schmidt et al.30–32

The authors elucidated by neural transections the
effects of paraplegia on REM sleep-related erections
and determined the brain level at which the
mechanisms underlying erectile activity are gener-
ated. It has to be mentioned that Schmidt’s group
investigated primarily the influence of high spinal
cord and forebrain transections to erection function
in rats,30 whereas we targeted the effects of different
spinal lesion levels and completeness to human
erectile function. In their model, spinal transections
virtually eliminated REM sleep-related erections. In
our study, complete spinal cord injury above both
thoracolumbar and sacral level significantly dis-
turbed nocturnal erection activity, but could never
eliminate it. We have already discussed above,
whether a centrally inhibited sacral spinal erection
generator might be the explanation for this phenom-
enon: Indeed, spinal transections in rats shortened
the latency to reflex erection induction, whereas
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mesencephalic transections increased this latency to
reflex erection induction. Schmidt concluded that
forebrain structures (rostral to the mesencephalon)
are essential for the maintenance and integrity of
REM sleep-related erections, whereas the brainstem
is not. Spinal transection removes tonic descending
inhibition of erections occurring from brainstem,
whereas mesencephalic transection enhance such
inhibition. He suggested that from these data, the
forebrain plays a facilitatory role in erectile context
through disinhibition of brainstem tonic antierectile
mechanisms.31 Our SCI patients with incomplete
cord lesions, that is, partially intact connections to
forebrain centres, were the only ones with nearly
normal erection duration during REM sleep, corro-
borating Schmidt’s suggestions of a proerectile role
of the lateral preoptic area.32 However, waking-state
erections remained unchanged after neurotoxic
lesions of this forebrain area.32 These data show
that higher erectile mechanisms appear to be
context-specific, as we concluded from our clinical
observation, that quality of nocturnal erections does
not always reflect waking erectile function. Whereas
abnormal NPTRs imply—almost without excep-
tion—waking ED (except sleep disturbances), a
normal NPTR result in patients with neurological
disorders only suggests intact erectile mechanism
during sleep, not warranting waking erections,
which could be used for sexual intercourse.15

NPTR tests dynamically assess the functional
aspect of erections; overall, they reveal at least some
typical patterns hinting at the injury/disruption of
spinal erection centres of a male patient with known
spinal lesion. On the other hand, we cannot draw
reliable conclusions about the aetiology of ED (ie
vasculogenic, psychogenic, hormonal or neuro-
genic) from the base of NPTR curves alone without
having the information of a defined and assessed
spinal lesion. Nevertheless, NPTRs may help clin-
icians to better inform their SCI patients about
remaining erectile function in their life after the
trauma.

Conclusions

Our study demonstrates that ED in SCI men can be
reliably assessed and characterized using NPTR
measurement combined with clinical examination,
electrophysiological recordings and urodynamic
evaluation. Quality of erections correlates with the
lesion’s level and its completeness in SCI men.
Patients with lesion of the sacral erection centre
showed the most disturbed NPTR pattern. Normal
erection function depends on preserved thoraco-
lumbar and sacral efferent nervous outflow and on
intact connections of spinal erection centres to
forebrain areas, the latter being important for
maintaining sufficient erection duration.
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