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Tonic vibration reflex in Holmes-Adie syndrome:
an electrophysiological study
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S UMMA R Y The pathophysiological mechanisms underlying benign areflexia were studied in six
patients with Holmes-Adie syndrome. No impairment of sensory conduction velocity of sural
nerve was found. A normal tonic vibration reflex was obtained in all patients. H reflex was
absent in five patients, but responses like F waves were recorded in three subjects. These findings
suggest that muscle spindles are not affected and that spinal motoneurone excitability is normal.

In the Holmes-Adie syndrome a marked decrease
or loss of knee and ankle tendon jerks is associ-
ated with "pupillotonia," a peculiar pupillary
dysfunction (Holmes, 1931; Adie, 1932).

Clinical (Cameron, 1959), pathological (Harri-
man and Garland, 1968), and pharmacological
(Russell, 1956) studies have shown the relevance
of a parasympathetic denervation, resulting from
a lesion in or peripheral to the ciliary ganglion, in
the pathogenesis of the pupillary abnormality.
On the contrary, the definite cause of tendon

areflexia is still not fully understood, although
several hypotheses have been reported pointing to
a spinal synaptic pathology (Hardin and Gay,
1965; McComas and Payan, 1966; Levy, 1967), an
impairment of motoneuronal excitability (Vanasse
et al., 1974), or a degeneration of excitatory inter-
ncurones (Hardin and Gay, 1965.)
The aim of the present investigation was to

carry out a further analysis of possible patho-
physiological mechanisms underlying benign
areflexia. Therefore, in addition to determination of
sural nerve conduction velocity and monosynaptic
(T and H) reflex study, the tonic vibration reflex
(TVR) (Hagbarth and Eklund, 1966) of triceps
surae was studied to test the possibility of a muscle
spindle dysfunction, which has not been com-
pletely ruled out as a cause of the areflexia (Harri-
man and Garland, 1968).
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Patients and methods

Six cases of the Holmes-Adie syndrome, one man
and five wcmen aged 27-66 (mean 40) years, were
studied.

All patients presented a typical picture of pupil-
lotonia (unilateral in three cases, bilateral in three
cases). Pharmacological tests showed good dilata-
tion of the pupils with mydriatics and constriction
with eserine, pointing to the parasympathetic
nature of the pupillary dysfunction. Tendon jerks
were absent in five cases, and only one patient
(case 5) had weak ankle jerks which could be en-
hanced by the Jendrassik manoeuvre. Serological
tests for syphilis as well as routine laboratory tests,
EEG, and EMG were negative or normal in all
patients.
The following parameters of sensory conduction

velocity of the sural nerve were studied according
to the method described by Buchthal and Rosen-
falck (1966) and Behse and Buchthal (1971):
(a) distal conduction velocity, (b) proximal con-
duction velocity, and (c) peak-to-peak amplitude
of the evoked averaged response at the calf.
Stimuli were delivered by a stimulation unit
(DISA 14 E 11). Nerve potentials were amplified
(bandwidth 50 Hz-10 kHz) by an EMG amplifier
(DISA 14 C 12) and averaged by a digital averager(DISA 14 G 01).
The Achilles tendon reflex (T reflex) was

elicited, with the patients in the prone position,
by mechanical taps delivered to the Achilles ten-
don by a hammer that also triggered the oscillo-
scope (Tektronix 502 A).

943

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.42.10.943 on 1 O
ctober 1979. D

ow
nloaded from

 

http://jnnp.bmj.com/


Giovanni Abbruzzese, Michele Abbruzzese, Emilio Favale, and Sandro Ratto

Studies of H reflexes were performed with the
patients in the prone position. Electrode positions
and stimulation parameters were chosen according
to the methodology described by Hugon (1973).
When an H reflex was present, the H/M ratio and
the recovery cycle were determined.
To elicit a TVR a small cylindrical vibrator

(TVR Vibrator, Keydon) was used, secured over
the triceps surae belly by rubber bands. Vibration
frequency was 100-160 Hz.

Patients were in the prone position with the leg
immobilised in a rigid frame. The foot, positioned
in about 10° plantar flexion, was fixed on a

metal baseplate which was connected to a force
transducer (Grass FT 10 C). Patients were in-
structed to exert a weak constant effort in pressing
the foot down against the baseplate.
The electromyogram of the triceps surae was

recorded by surface electrodes applied 50 mm

apart over the muscle belly and tendon. The
electrodes were shielded from the vibrator by an

earth lead in order to reduce the electrical arte-
facts from the vibrator. The recorded amplified
EMG potentials and force transduced signals were

monitored on the oscilloscope and photographed
by a Recordine camera.
The effect of reinforcement on T and H reflexes

was checked by performing a Jendrassik ma-

noeuvre and/or a mild voluntary contraction of
the triceps surae muscle.

Results (Table)

Both proximal and distal sensory conduction
velocity of the sural nerve and the amplitude of
the evoked response at the calf were within the
normal range in all patients.
The T reflex was absent in five patients, even

during reinforcement manoeuvres. Case 5 showed
bilateral presence of T reflexes with normal ampli-
tude, shape, and latency: a clear facilitation was

evoked by the Jendrassik manoeuvre and by weak
contraction of triceps surae.

A typical H response could not be obtained in
five out of six patients. In three subjects, however,
(cases 1, 4, and 6), a small late response was re-
corded (Fig. 1) which closely resembled an F wave
(Magladery and McDougal, 1950). Such a late
response, already observed in the Holmes-Adie
syndrome by Sacco et al. (1978), showed a marked
variability and unsteadiness, but was always ob-
tained at a higher threshold than the M response
and was constantly facilitated by reinforcement
procedures.
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Fig. 1 Response resembling an F wave recorded in a
patient with Holmes-A die syndrome. Left trace:
patient relaxed. Right trace: during Jendrassik
manoeuvre. Stimulation was supramaximal for
M response.

In case 5, an H response with normal latency
and morphology was recorded. The H/M ratio
was low (0.12), and the recovery cycle turned out
to be characterised by a longlasting late de-
pression. The H reflex could be facilitated by
reinforcement manoeuvres.

In all patients vibration of the belly of triceps
surae resulted in an enhancement of EMG ac-

tivity of triceps surae and of the amount of
muscle tension developed by plantar flexion of the
foot (Fig. 2). The TVR could, therefore, be
induced in every subject. Cases 3 and 6, however,
showed TVRs of small size in comparison with the
other patients and with normal subjects.

Table Summary of results

Case Age Sural nerve conduction velocity T reflex Jendrassik H reflex Jendrassik HIM Recovery TVR
(yr) response response ratio cycle

Proximal Distal
m/s m/s

1 36 50.63 48.8 Absent - (F) + + - - ++
2 27 65 52.77 Absent - Absent - - - + +
3 66 62.5 53.48 Absent - Absent - - - +

4 40 56 44.4 Absent - (F) + + - - ++
5 30 68.07 55.86 Present + + Present + + 0.12 Depressed + +
6 40 59 46.8 Absent - (F) + + - - +
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Fig. 2 Example of TVR from
a patient with Holmes-Adie
syndrome. Upper trace: active
torque developed by
plantar flexion of the foot,
sensed isometrically by force
transducer. Lower trace: EMG
activity of triceps surae
recorded by surface electrodes.
Bar indicates vibration period.

Discussion

The pathophysiological bases of tendon areflexia
in the Holmes-Adie syndrome have been dis-
cussed extensively in previous reports. Although
even a lesion of diencephalon was suggested
(Vogir, 1976), attention has been mainly addressed
to different levels in the monosynaptic reflex
pathways.

In agreement with the findings of normal motor
conduction velocity (Levy, 1967) and nearly nor-
mal H reflex latencies (McComas and Payan,
1966), the evidence of normal sensory impulse
conduction in the sural nerve may dismiss the
possibility of a peripheral neuropathy.
Involvement of muscle spindles and of the

fusimotor system may seem unlikely on account
of the normal muscle tone and the positive effect
of reinforcement manoeuvres. This evidence is
not conclusive, however, since a positive effect of
reinforcement manoeuvres is not a reliable proof
for the integrity of the fusimotor system (Hag-
barth et al., 1975). Nevertheless the presence of
TVR in our patients is a strong argument against
direct involvement of muscle spindles.

It is well known that mechanical vibration of a

muscle belly or tendon produces an involuntary
tonic contraction of the vibrated muscle (Hag-
barth and Eklund, 1966; Hagbarth, 1973).
Although a contribution from skin receptors was

recently pointed out (Abbruzzese et al., 1978), the
muscle spindle primary endings have been shown

to be the main source of the tonic vibration reflex
(Bianconi and Van Der Meulen, 1963; Burke ct
al., 1976a, b). The normal developmcnt of TN R
may, therefore, be regarded as evidence of in-
tegrity of muscle spindles.

McComas and Payan (1966) rejected the possi-
bility of a lesion of alpha-motoneurones as no
weakness or impairment of voluntary movements
had been shown in the Holmes-Adie syndrome
and M waves were of normal latency and ampli-
tude. Further support for this conclusion comes
from the presence of TVR with typical time
course, which indicates that alpha-motoneurones
are recruited normally by vibratory stimuli. More-
over, the late responses observed in three patients
of our study resembled the F wave, which is
currently regarded as the discharge of spinal moto-
neurones after antidromic invasion (McLeod and
Wray, 1966). Such responses were constantly
facilitated by reinforcement, and Sacco et al.
(1978) also showed a facilitation after post-tetanic
potentiation (cf Hagbarth, 1962). Decrease of
excitability of spinal motoneurones (Vanasse et al.,
1974) seems, therefore, to be unlikely.
Our findings support the view that the lesion re-

sponsible for benign areflexia lies centrally within
the spinal cord, possibly involving the Ia pre-

synaptic terminals on the motoneurones (Hardin
and Gay, 1965), so that ". action potentials
from the muscle spindles do reach the cord but
fail to produce a response" (McComas and Payan,
1966).

It is not surprising, therefore, that TVR de-
velops normally, as it has been shown that TVR
is not only a monosynaptic reflex, but also a

polysynaptic reflex (De Gail et al., 1966) with
plurise-c- zn{al cerrections or long loop com-

r::2::ts (Gillies et al., 1971; Andrews et al., 1973).
If a lesion impairing the transmission of impulses
from Ia presynaptic terminals to alpha-moto-
neurones is accepted, it is conceivable that im-
pulses of monosynaptic reflexes (T and H) may be

. I I 1.1I
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blocked, whereas impulses of polysynaptic reflexes
(TVR) may excite spinal neurones through alter-
native pathways, even if excitation may sometimes
develop to a lesser degree (two cases, in our study,
with small TVRs).
A dysfunction of terminals of Ia sensory nerve

fibres on spinal motoneurones could also explain
the presence of responses resembling F waves:
the increasing strength of stimulation could
enhance antidromic activation of alpha-moto-
neurones, usually not observed in normal subjects
because of collision between antidromic and
orthodromic impulses.

Finally, the longlasting late depression of the
H reflex recovery cycle, as observed in case 5,
could be determined by a reduction of synaptic
transmitter (Brooks et al., 1950), as already sug-
gested by McComas and Payan (1966) and Sacco
et al. (1978), though an increase of presynaptic
inhibition could also be taken into account.

We would like to thank Professor Karl-Erik
Hagbarth and Dr Goran Eklund of the Depart-
ment of Clinical Neurophysiology, Academic
Hospital, Uppsala, who reviewed the manuscript
and offered helpful suggestions.
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