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The stiff-man syndrome: new pathophysiological
aspects from abnormal exteroceptive reflexes and the
response to clomipramine, clonidine, and tizanidine
H-M MEINCK,* K RICKER,t B CONRAD*

From the Department of Clinical Neurophysiology, University of Gottingen, * and the Department of
Neurology, University of Wiirzburg, t FRG

SUMMARY Neurophysiological investigations of a patient suffering from the stiff-man syndrome
revealed that exteroceptive reflexes, in particular those elicited from the skin, were excessively
enhanced. In contrast, no abnormalities were found within the monosynaptic reflex arc.

Clomipramine injection severely aggravated the clinical symptoms whereas diazepam, clonidine,
and tizanidine decreased both muscular stiffness and abnormal exteroceptive reflexes. The
hypothesis is put forward that the stiff-man syndrome is a disorder of descending brain-stem
systems which exert a net inhibitory control on axial and limb girdle muscle tone as well as on

exteroceptive reflex transmission. Detection of abnormal exteroceptive reflex activity in
conjunction with neuropharmacological testing might help in the diagnosis of this rare disease.

The characteristic clinical features of the stiff-man
syndrome have been described by Gordon et all
based on 45 case histories: progressing (usually
symmetrical) stiffness particularly of the axial mus-
cles, fluctuating in intensity, and frequently
superimposed with painful spasms evoked by noise or
fright. Stiffness disappears during sleep, narcosis, or
after administrating neuromuscular blocking agents,
and local stiffness is abolished by nerve and ventral
root blocks. Neurological examination usually re-
veals no abnormality except for increased muscle
tone, but the deep tendon reflexes may be exagger-
ated. In many cases diazepam has been reported to
have a favourable effect on muscle stiffness. The
pathogenesis of the disease is still unknown. Several
possible mechanisms have been suggested: psycho-
pathological aetiology,2 I a brain stem disorder,4 an
imbalance between catecholaminergic and GABA-
ergic descending pathways,"' increased central drive
on y motoneurons,' 8 subnormal function of Renshaw
cells,9"' y axon parabiosis,," muscle disease,12 and
metabolic disorders. 13 However, Moersch's and
Woltman's'4 initial definition has been modified so
that the clinical diagnosis "stiff-man syndrome" now
comprises a variety of clinically related, but

Address for reprint requests: Dr H-M Meinck, Abteilung fiir
Klinische Neurophysiologie, Neues Klinikum, Robert-Koch-Str.
40, D 3400 Gottingen, FRG.

Received 28 April 1983 and in revised form 11 July 1983
Accepted 14 September 1983

aetiologically different disorders1 such as the jerking
stiff-man syndrome,"5 16 cases with CSF and CT
abnormalities,"' and congenital or even familiar
forms." 19 The differential diagnosis includes other
rare disorders, such as myositis fibrosa
generalisata,2' 21 rigid spine syndrome,22 subacute
tetanus,23 progressive encephalomyelitis with rigid-
ity,24 and other syndromes of abnormal muscular
activity.25

Case report

In 1963, the patient, a female, then 37 years old, suffered
painful cramps and stiffness of the neck, shoulder and leg
muscles. In spring 1964 she noted abrupt muscle spasms
when the door bell rang or when a glass crashed to the floor.
Once she burnt herself while ironing. This caused severe
spasms which forced her to press the iron against her
forearm and rendered her incapable of removing it. Within
one year stiffness developed in the trunk and proximal limb
muscles, and her gait became clumsy. Spasms and stiffness
were intensified by emotional upset. Her family was
reported to be free of disease, particularly of nervous or
mental disorders. In 1966, the diagnosis stiff-man syndrome
was made." Since then her complaints and symptoms have
remained essentially unaltered. For most of this time, she
was treated with diazepam which considerably reduced her
symptoms. Repeated interruptions of her drug regimen
resulted in intensification of muscular stiffness and spasms.
The patient is married and has two healthy children.

Repeated neurological examinations revealed no muscu-
lar atrophy, hypertrophy or paresis. Muscle tone and
consistency were increased particularly in her neck, trunk,
and proximal limb muscles. In her arms flexor tone
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exceeded extensor tone, whereas in her legs flexor and
extensor tone were roughly the same. Increased muscle
tone could be best described as being a mixture of spasticity
and rigidity. Muscle tone was influenced by her alertness
and by her momentary emotional state. It increased when
she was under stress and decreased when she was drowsy,
but was never reduced to normal except during sleep. In an
upright standing posture her head was bent forward, her
shoulders elevated, her arms flexed and adducted, and her
knees and hips slightly flexed. She was unable to recline her
head,or to lift her arms above her head. Without support she
walked stiff-legged and with short steps, the swing of her
arms being reduced. She turned about her axis from one
step to the other without distortion of the spine. When
walking or standing, she had difficulty on uneven ground. In
a sitting position any slight shift of her seat caused her to fall.
Limb movements were severely disturbed by coactivation of
both agonists and antagonists whereas finger and facial
movements were performed only with slight clumsiness.
Ocular movements and swallowing were normal. The deep
tendon reflexes were brisk and symmetrical, and there was no
clonus. No pathological cutaneous reflexes were found, but
cutaneous stimuli provoked an increase in stiffness and
painful, generalised spasms. Unexpected noise (such as
loud hand-clapping), fright (caused by, for example,
unexpected touch or a sudden jolt) as well as active or
passive movements also elicited such spasms. These were
characterised by a brisk onset and a slow decrescendo, and
involved her facial, trunk and limb muscles (grimace,
anteflexion of the head, elevation of the shoulders,
adduction and flexion of the arms, opisthotonus, extension
of the legs). Sensory disturbances and hyperhidrosis were
not observed. Repeated psychiatric study gave no evidence
for the existence of any mental disease.
The results of repeated laboratory tests, including

examination of cerebrospinal fluid, muscle biopsy (1966 and
1979), EEG, and cranial computed tomography, were
normal. In the EMG, a continuous firing of normal motor
unit potentials was recorded from various muscles, and
could not be suppressed volitionally. Nerve conduction
velocities were normal. The electro-nystagmogram, acous-
tic evoked brain stem potentials, visual and somatosensory
evoked potentials were normal; in particular enlarged
SSEPs were not observed.'6 However, the blink reflex was
abnormal (see below). The first report on this patient"
stated that myoneuronal, neuronal and radicular block as
well as narcosis caused muscular stiffness and EMG activity
to disappear.
The purpose and nature of the following experiments

were explained to the patient in detail, and she gave her
informed consent to all the procedures reported below.

Special investigations
(1) Electromyographic recording of spasms evoked by
exteroceptive stimuli: Visual stimuli (irregularly applied
stroboscope flashes) failed to evoke distinct motor re-
sponses. Unexpected acoustic stimuli, however, elicited
rapidly habituating bilateral EMG responses, consisting of
an early burst (onset latencies: 25 to 74 ms in the brachial
biceps, and 66 to 312 ms in the quadriceps muscles,
respectively), followed by long-lasting tonic activity.
Somatosensory stimuli (electrical impulses delivered to the
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median nerve at the wrist) elicited non-habituating bursts of
EMG activity in homolateral neck, arm and leg muscles
with latencies between 20 and 100 ms (fig 1). Vestibular
stimuli were applied during investigation of the post-
rotational nystagmus and during cold water insufflation into
the outer ear. The latter stimulus led to a long-lasting
painful contraction of the neck, shoulder and arm muscles
with a delay of about 3 s, independent of duration or
intensity of the nystagmus. After arresting the motion of the
rotating chair, an EMG jerk followed by tonic activity was
recorded from the facial and brachial muscles with a latency
of 90 ms. This activity was definitely not associated with the
onset and intensity of the nystagmus. In general, spasms
evoked by acoustic, and particularly by somatosensory
stimuli, were so uniform that exaggerated exteroceptive
reflex mechanisms were considered to play an important
pathogenetic role.

(2) Investigation of various cutaneo-muscular reflex arcs:
The blink reflex was elicited by single shocks applied to the
right supraorbital nerve at 3 s intervals and was recorded
bilaterally from the orbicularis oculi muscles with needle
electrodes (fig 2). With stimulus intensity just above the
reflex threshold, the typical responses were observed
consisting ipsilaterally of Rl (latency 12 ms) and R2 (42 ms)
and contralaterally of only R2 (48 ms). A slight increase in
stimulus intensity resulted in the typical reduction of the R2
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Fig 1 Electromyographic recording cofstimulus-induced
spasms. Recording with needle electrodesfrom the left
sternocleidomastoid (St), biceps brachii (Bi), triceps (Tri),
paravertebral L (L), quadriceps (Q), and posterior biceps
(PB) muscles. Electrical stimulation ofthe left median nerve
at the wrist (train of20 ms duration, 400 imp/s, stimulus
intensity 1-2 x T, recurrencefrequency 1/lOs). Five sweeps
superimposed.
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muscle. In the patient, identical stimuli of moderate
strength (1.5 x T) evoked an early burst response in all four
muscles at latencies between 20 and 30 ms, followed by a
period of electrical silence (for comparison, F wave
latencies in the adductor pollicis and abductor pollicis
brevis muscles ranged between 28 and 32 ms). In the
proximal pair of muscles a second desynchronised burst of
activity occurred. The reflex threshold of the early reflex
components was lower in, and reflex transmission was
faster to, the adductor pollicis and biceps brachii muscles,
both being considered (physiological) flexors. Moreover, the
overall EMG activity in the biceps brachii and adductor
pollicis muscles clearly exceeded the activity in the respec-
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Fig 2 Blink reflex in the ipsi- and contralateral orbicularis
oculi muscles elicited by percutaneous single electrical
shocks to the supraorbital nerve with increasing stimulus
strengths. Five sweeps superimposed. DT = detection
threshold. Reflex threshold was at 1-3 x DT.

latency (37 ms). However, a contralateral Rl response
(latency: 14 ms) occurred. Moreover, on both sides an R3
response occurred with a latency of around 65 ms. Loud
clicks (130 dB peak) applied at 10 s intervals to either one or
both ears elicited weak and desynchronized responses on
both sides with a double peak. These responses were far less
intense than those elicited by electric shocks and they
habituated rapidly.
Cutaneo-muscular reflexes in the hand and leg were elicited
by short pulse trains at 3 s intervals, delivered either to the
median nerve at the wrist (400 imp/s, 10 ms duration; cf. refs
26-29), or to the medial plantar nerve (400 imp/s, 20 ms
duration; refs 29, 30). Stimulus intensities were adjusted to
the threshold (T) of motor fibres supplying the abductor
pollicis brevis and flexor hallucis brevis muscles, respec-
tively. The EMG responses were full-wave rectified and
summated.31 In fig 3, the normal reflex patterns in four
representative muscles of the arm (left column) and the leg
(right column), respectively, are compared to those ob-
tained from the patient. The recordings from the ipsilateral
abductor pollicis brevis, adductor pollicis, biceps brachii,
and triceps brachii muscles of a normal subject show that,
even at high stimulus intensities, only an M wave, with no
reflex activity, is evoked in the abductor pollicis brevis
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Fig 3 Cutaneo-muscular reflexes of various arm (left
column) and leg (right column) muscles, elicited by median
nerve stimulation (pulse train: 10 ms duration, 400 impls) or
by medial plantar nerve stimulation (pulse train: 20 ms
duration, 400 impls). The onset ofstimulation is indicated in
each column by a vertical broken line, whereas the stimulus
duration is indicated by a horizontal bar on the time scale.
Each recording represents eightfull-wave rectified and
summated responses. Abbreviations: AbPB = abductor
pollicis brevis, AdP = adductorpollicis, Bi = biceps
brachii, Tri = triceps brachii, Q = quadriceps, PB =
posterior biceps, G = gastrocnemius, TA = tibialis
anterior. T = A a threshold to the abductor pollicis brevis or
flexor hallucis brevis muscles, respectively. Polyphasia of
theM wave in theAbPB is due to train stimulation.
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tive antagonists. However, tonic after activity was more

prominent in the proximal muscles.
Stimulation of the finger nerves revealed an identical

reflex activity largely excluding both monosynaptic reflex
irradiation from the abductor pollicis brevis muscle
afferents and a mirror discharge mechanism (F wave). Even
when the stimulus intensity definitely exceeded the pain
threshold, no additional reflex components were elicited;
merely a continuous increase of the amplitude of the early
and late reflex activity were observed. The stimulus interval
(varied between 0-75 and 9-0 s) proved to exert no

consistent influence on shape or amplitude. Ischaemia of
the forearm for 20 min did not affect the early bursts, but
decreased the amplitude of the late reflex activity.

Reflex activity in the leg was recorded from the
quadriceps, biceps, gastrocnemius, and tibialis anterior
muscles. In normal subjects, the tibialis anterior response
has a distinctly lower threshold than the biceps, quadriceps
and gastrocnemius responses (cf ref 30). The quadriceps
muscle in particular is recruited only at high stimulus
intensities. In the patient, at low stimulus intensities only
the proximal muscles were activated, quadriceps activity
significantly exceeding the biceps activity. An increase in

stimulus intensity resulted in an enhancement of quadriceps
and biceps reflex activity and in a desynchronised reflex
response in the tibialis anterior, which in comparison with
normal values (70 ms ± 10 SD; cf ref 32) was delayed.
Further increase in stimulus intensity led to a successive
reduction of the tibialis anterior reflex latency, namely from
290 ms (1-2 x T) down to the extremely short latency of
38 ms (2-2 x T). However, the reflex response remained
prolonged in duration and desynchronised.
A systematic variation of both the stimulus strength and

the stimulus interval revealed a successive build-up of the
early tibialis anterior reflex component not only with
increasing stimulus strengths, but also with shortening of
stimulus intervals, indicating an abnormally high demand
for spatial (stimulus strength) and temporal (stimulus
interval) facilitation in the reflex pathway mediating early
tibialis anterior excitation.

(3) Sonomotor reflexes: Sonomotor reflexes33 were elic-
ited by a 130 dB click delivered at irregular intervals of
about 10 s to either one or both ears (fig 4). Sonomotor
reflexes consisted of repeated EMG bursts with a rapid
decline in both proximal-distal and cranio-caudal direction
(fig 4, left column), their latencies in different muscles
ranging from 40 to 105 ms. Binaural stimulation proved to
be slightly more effective than monaural stimulation.
Sonomotor reflexes rapidly habituated, even when a

binaural stimulus was repeated at somewhat irregular
intervals. Motor responses evoked by acoustic stimuli were
less synchronised, had smaller amplitudes and habituated
more rapidly than those evoked by somatosensory stimuli.

(4) Investigation ofthe monosynaptic reflex arc: H- and T-
reflex testing was performed mainly in the triceps surae

muscle according to the methods described by Hugon.34
Both T- and H-reflexes were increased by the Jendrassik
manoeuvre (cf ref 35). The silent periods of the biceps T-
reflex and of the triceps surae H- and T-reflexes were within
normal limits (105-138 ms). The recruitment curves of the
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Fig 4 Sonomotor reflexes recorded from left (I) and right
(r) arm and leg muscles. For each record, eight consecutive
EMG responses were full-wave rectified and summated. For
abbreviations seefig 3.

triceps surae H- and M-waves, as well as the H-reflex
recovery cycle, displayed the normal shape,j6 3 the H/M
ratio being 0-6. The amplitude of the H-reflex showed a
distinct low-frequency depression between 0-1/s and 10/s
stimulus recurrence frequencies.'" Vibration applied to
the achilles tendon (100 c/s, 1 mm amplitude) caused the
amplitude of the H-reflex to decrease to about 60% of
control values, this decrease persisting for about 30 s after
the vibration was stopped.4' The F-waves in the abductor
pollicis brevis and hypothenar muscles after median and
ulnar nerve stimulation were recorded with normal
latencies (28 and 32 ms, respectively). However, the F-wave
in both muscles occurred regularly and had a stable
amplitude, even with stimuli which evoked a 15% M-wave.
The amplitude of the F-wave was up to as much as 20% of
the maximal M-wave amplitude. In general, except for the
F-wave, normal data were found concerning the
monosynaptic reflex arc.

(5) Neuropharmacological investigations: The following
drugs were tested for their influence on muscular stiffness
and exteroceptive reflex activity: diazepam, tiapride,
clomipramine,7 tizanidine, and clonidine. Tizanidine
(SANDOZ DS 103-282) is a recently developed antispastic
drug. Investigations were performed at two day intervals in
order to allow for almost complete elimination of the
previously injected drug. Generally, drugs were given to the
patient in "single-blind" fashion via a 50 ml drip infusion
within a period of about 5 mins. Before and after iv drug
administration, reflex responses were elicited in either arm
or leg muscles in the manner described above (cf fig 3).
Clomipramine (0.05 mg/kg body weight) dramatically

increased the muscle tone even before the infusion was
completed, and the effect lasted throughout the entire
evening and the following night. The patient complained of
severe and painful cramps in her neck, shoulder and trunk
muscles which became as hard as a board. There was a
strong tonic activity in the EMG; jerks were not observed.
Cramps were so painful, that reflex investigations could not
be performed. Intravenous injection of 10 mg diazepam
reduced painful muscular cramps, but did not completely
alleviate them. An additional dose of 60 mg diazepam was
given orally during the evening and the subsequent night in
order to allow the patient to sleep without cramps.
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After tizanidine (0-005 mg/kg) the patient's muscle tone
was noticeably reduced. She was able to walk unimpeded
and had no difficulty in lifting her arms above her head and
rotating them. Figure 5 shows reflex responses of the leg
muscles obtained at various intervals before and after the
start of tizanidine administration. Tizanidine largely sup-
pressed abnormal reflex activity, suppression reaching a

plateau maximum between 10 and 20 min after the onset of
administration. This drug in the above stated dosage proved
to be about as effective as 10 mg diazepam. Administration
of tizanidine, however, was followed by a 30 mmHg drop in
blood pressure. Both diazepam and tizanidine were investi-
gated twice within a period of nine months, the results each
time being almost identical. The effect of clonidine (0-0025
mg/kg) was basically similar to the effect of tizanidine.
Repeated injections of a placebo and of tiapride (8.3 mg/kg)
failed to show any effect on abnormal reflex activity or
increased muscles tone.
On the basis of the above results, we changed the drug

treatment from a combination of clonazepam (8 mg/d) and
diazepam (40 mg/d) to tizanidine (6 mg/d) alone. This
regimen was satisfactory for a period of about seven
months, allowing the patient to take short walks and to go
shopping by herself.

Before tizanidine

-15

Q

PB B

G

TA

L_

After tizanidine
01 mg/20kg IV

+5

1+10'

'+5'

PBB --

TA

0 200ms 0 200ms

Fig5 Effect of tizanidine 0.1 mgl20 kg iv on cutaneo-
muscular reflex activity in the leg elicited by medial plantar
nerve stimulation (pulse train: 400 impls, 20 ms). Stimulus
intensity and interval were fixed at 2-0 x T and 3s,
respectively, throughout the whole experiment. Layout and
abbreviations as in fig 3. Recordings were made 15, 10, and
5 minutes before and 5, 10 and 50 minutes after the start of
tizanidine infusion.

Meinck, Ricker, Conrad

Discussion

The general characteristics of the grossly exaggerated
responses to exteroceptive stimuli were abnormally
short transmission times and the occurrence of
abnormal excitatory reflex phases in face, arm and
leg muscles. Both phenomena have not been ob-
served in any other disorder with increased muscle
tone, for example spasticity or rigidity (cf ref. 29).
Exteroceptive stimuli showed a rank order of effec-
tiveness in evoking abnormal reflex responses:
somatosensory stimuli were the most effective,
followed by acoustic stimuli. Visual stimuli failed to
exert any significant responses. The same was
probably true of vestibular stimuli, the distinct
increase in muscle tone to caloric stimulation being
an unspecific "reticular" effect (cf ref. 42) rather than
specifically vestibular, as no such tonic response was
observed during the post-rotational nystagmus.

Exaggerated exteroceptive reflexes, at a first
glance, might be suspected of being due to an
increased central drive onto spinal a motoneurons.
Such an increased central drive is, however, easily
performed by normal subjects through more or less
intensive activation of the respective muscles. We
never observed distinct and early responses of this
type to cutaneous or mixed nerve stimulation in
normal subjects, even when the muscles were
activated.29 30 Therefore, we assume that transmis-
sion and central processing of exteroceptive
information in the stiff-man syndrome differs from
that in the normal subject, resulting in an increased
motoneuronal excitability rather than being caused
by it. Consequently, the question must be raised as to
whether the increased muscle tone is-at least
partly-the result of an unrestrained transmission of
afferent impulses to a motoneurons. Further evi-
dence in support of this view is derived from
ischaemic and procaine nerve blocks which normalise
muscle tone (see below).

In contrast to exteroceptive reflexes, monosynap-
tic reflexes were normal. This is in agreement with
other authors who have investigated the H/M ratio,
the silent period, the H-reflex recovery curve, and
recurrent inhibition.7 8 43These observations indicate
that the increase in muscle tone in the stiff-man
syndrome can be differentiated from spastic muscle
tone by means of neurophysiological techniques.3"'
As there was no evidence for alterations of
monosynaptic transmission, the distinct enhance-
ment of the F-wave might be considered to be the
result of an increased central drive directly to
motoneurons. However, both the F-wave and the
early cutaneo-muscular reflex response showed a
similar latency. Therefore, oligosynaptic reflex ef-
fects from concomitantly stimulated large skin
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afferents must be considered as a possible source of
error concerning the F-wave amplitude.
These findings clearly disagree with those pathoge-

netic hypotheses which consider the disorder a
mental,2 3 muscle,12 or metabolic"3 disorder. More-
over, a disease of the y motoneurons or the
y axons,' 811 increasing the muscle tone via the
muscle spindles, is hardly conceivable in the presence
of normal monosynaptic reflex mechanisms and
distinctly abnormal exteroceptive reflexes. A key
experiment in support of the "y-hypothesis" was the
local normalisation of the thigh muscle tone after
differential procaine block of the femoral nerve,
which was also seen in our patient."I However, such a
differential block effects not only y efferents but
inevitably also afferent fibres of equal (or even
shorter) internodal lengths." Moreover, the "y-
hypothesis" does not fit in with the clinical picture,
because muscle groups with a high proportion of
spindles, for example, the small muscles of the hand
and foot, are noticeably less afflicted than the trunk
and proximal limb muscles, which have a lower
spindle content.4"7 Considering the Renshaw cell
hypothesis,9 10 we found no evidence of subnormal
function of Renshaw cells. This is in agreement with
other authors who have investigated inhibitory
functions ascribed to Renshaw cells.' 8 Moreover, if
subnormal function of Renshaw cells in the stiff-man
syndrome is postulated, one is inevitably obliged to
propose a differential distribution of Renshaw cell
effects in proximal and distal motor nuclei. This,
however, has never been observed.
Most recent authors agree that the pathophysio-

logical basis of the stiff-man syndrome is abnormal
function of certain brain-stem structures.4 I I 43 Direct
evidence for such a location is weak. There is,
however, some indirect evidence which justifies such
an assumption4 8I I161 48 Our observations, parti-
cularly the homologous changes of cutaneo-muscular
reflexes in the face, the arms, and the legs (that is, in
regions which are severely involved as well as in
regions which are clinically less involved), suggest a
systematic disturbance of the transmission to
motoneurons. This might, indeed, indicate a defect
in the control of the respective reflex pathways from
the brain-stem rather than for example, a diffuse
interneuron disease such as spinal rigidity (cf refs 49,
50).

Rapidly injected clomipramine severely aggra-
vated the clinical symptoms' whereas diazepam,
clonidine, and tizanidine normalised both the muscle
tone and the exteroceptive reflex transmission. The
latencies of the effects of these drugs were short
enough to exclude an action of metabolites of the
respective drugs. However, it is not clear whether the
effects of these drugs on synaptic transmission in the
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motor systems involved are direct or indirect.
Clomipramine inhibits the neuronal re-uptake of
serotonin and noradrenaline, resulting in an trans-
mitter-excess at the synapse. The aggravating effect
of clomipramine, therefore, suggests an increased
activity of a central serotonergic or noradrenergic
system. Clonidine stimulates central ac2-adreno-
ceptors resulting in feedback inhibition of noradre-
naline release.5' This effect suggests involvement of a
central noradrenergic system in the stiff-man syn-
drome, which is suppressed by clonidine. The
observed correlation between 3-methoxy-4-hydroxy-
phenylgycol excretion and clinical symptoms,6 as well
as the well-known interaction of tricyclic antidepres-
sants and clonidine upon central blood pressure
regulation,52 might further support this view. Possi-
bly, the effects of tizanidine are neuropharmacologi-
cally related to those of clonidine, tizanidine being
originally developed as a centrally acting anti-
hypertensive drug, its cardiovascular side-effects
resembling those of clonidine (communication by
SANDOZ). The beneficial action of diazepam might
be explained as being either the result of inhibition of
central catecholamine neurones" or of activation of
GABAergic mechanisms,54 or of both.
According to the clinical, neurophysiological and

neuropharmacological features of the disease, the
brain stem structures in question must meet the
following criteria:
1. They must steer the movements of the axial,

girdle and proximal limb musculature, but they
may not have much influence upon the move-
ments of the distal limb and facial musculature,
and no influence at all on the extraocular motor
nuclei.

2. They must exert a net inhibitory control on
cutaneo-muscular reflex transmission in spinal
and brain-stem pathways.

3. They must be influenced-directly or indi-
rectly-by monoaminergic mechanisms.

With these criteria in mind, the group of medially
descending brain stem pathways (group A brain stem
pathways according to ref 55) or the pathways
descending from the catecholaminergic brain-stem
neurons may be regarded as being the most probable.
Our present knowledge on the motor functions of
these pathways is limited (for recent reviews see refs
55-58). However, concerning our neurophysiologi-
cal and neuropharmacological findings, there are
several striking similarities with the observations of
Lundberg and his co-workers (for references see ref
57) on the influence of noradrenergic mechanisms
upon flexor reflexes: the activation of descending
noradrenergic systems leads to a closing of short-
latency and to an opening of long-latency flexor
reflex pathways. Abnormal long-latency flexor reflex
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effects were definitely present in our patient (see figs
2 and 3), and they were blocked after administration
of tizanidine, clonidine, and diazepam. However, the
coincidence is limited: short-latency pathways in our
patient reacted in exactly the same way, they were
primarily open and closed after the administration of
the above mentioned drugs.
Damage to the group of medially descending brain

stem pathways (mainly those descending from the
pontine and medial medullary tegmentum, the
vestibular nuclei, the mesencephalic reticular forma-
tion, the superior colliculus, and the interstitial
nucleus of Cajal) in the monkey59 leads to motor
deficits characterised by immobility of the head,
trunk and limb girdle, adduction and flexion of the
arms, elevation of the shoulders, difficulties in
avoiding obstacles, and clumsiness of arm and leg
movements. The animals investigated were unable to
compensate for a slight shift of the ground, and
startling sounds often caused them to fall down.
Animals walking without support moved with
adducted limbs and a narrow-based gait. Skilled
finger movements, however, remained largely unaf-
fected. Neurophysiological investigations were not
performed with these animals, but the clinical picture
certainly resembles that of our patient. It is, there-
fore, most tempting to focus future research on these
brain stem systems. It is to be hoped that the
neurophysiological and neuropharmacological
methods described may help to further understand
the pathophysiology of the disease, and to differenti-
ate better between the stiff-man syndrome and
related disorders.
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to thank Profs HG Mertens andW Poser for valuable
and critical discussion, Ms K Lunser for secretarial
help and Mr and Mrs R Krebs for revision of the
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Deutsche Forschungsgemeinschaft (SFB 33).
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