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Specific imbalance of right and left sided motor
neuron excitability in schizophrenia
DAVID J GOODE,*t ALEXANDER A MANNINGt
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SUMMARY Fifty-three psychiatric patients, 16 with schizophrenia, 19 with affective disorder, and 19
with schizo-affective disorder were diagnosed by Research Diagnostic Criteria. Hoffmann reflex
recovery curves were measured in the right and left legs of each patient. In both affective disorder
and schizo-affective disorder, recovery curve height in the right and left legs was highly correlated.
In schizophrenia, recovery curve height in the right and left legs was not correlated. These results
demonstrate a right-left asymmetry in motor neuron excitability specific to schizophrenia. The
findings are compatible with a deficit in hemispheric transfer that is unique to schizophrenia. Other
interpretations can be made, including diffuse cortical or subcortical dysfunction in schizophrenia
which disrupts transfer or interpretation or intrahemispheric communication.

Specific hemispheric dysfunction has been postulated
in both schizophrenia and affective disorder; a domi-
nant hemispheric dysfunction is characteristic of
schizophrenia and a non-dominant hemispheric
dysfunction characteristic of affective disorder. This
theory was initially proposed on the basis of an asso-
ciation of schizophrenic disorder with bilateral or left-
sided temporal lobe lesions and affective disorder
with right-sided temporal lobe lesions in patients with
both complex partial seizures and psychosis.' It
gained support from studies of EEG power spectral
analysis, asymmetry of lateral ventricular size,
dichotic listening, neuropsychological performance,
skin conductance, and regional cerebral blood flow.
However, work has not uniformly supported the
hypothesis of specific hemispheric dysfunction. Alter-
nate hypotheses have been proposed, including over-
activation of an impaired left hemisphere in
schizophrenia2 and impaired interhemispheric trans-
fer in schizophrenia.3
Beaumont and Dimond' originally hypothesised a

deficit of interhemispheric transfer of information in
schizophrenia based on tests of transfer of visual
information. Other authors, using more sophisticated
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techniques have failed to document a deficit in visual
transfer.4 5 However, a focus of interest on measures
of interhemispheric transfer of information has
revealed deficits of transfer of stereognostic informa-
tion in schizophrenic patients,6 ' but findings have
not been consistent.8 Data based on differential laten-
cies of somatosensory evoked potentials on con-
tralateral and ipsilateral sides have supported a defect
in callosal conduction in schizophrenic patients,9 - 1l
but these have not been consistently supported.'2 In
addition, anatomic studies have demonstrated abnor-
malities of the corpus callosum in schizophrenic
patients. 3 - ' Deficiencies in interhemispheric trans-
fer of information in schizophrenia have been
reviewed both positively'6 17 and negatively.'8

Abnormalities of the Hoffmann reflex (H-reflex)
recovery curve in psychotic patients have been
reported.'9 22 More recent studies have shown
right-left differences in recovery curve height to be
significantly related to psychopathology2' 23 and
diagnosis (Goode and Manning, submitted for publi-
cation). Generally these data have supported hypoth-
esised left hemispheric dysfunction in schizophrenia
and right hemispheric dysfunction in affective
disorder.
We report an investigation of bilateral recovery

curve measurement in a drug-free population of
patients with schizophrenia, schizo-affective disorder,
and affective disorder. Correlations between right and
left sided recovery curve height were made for each
diagnostic group.
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Specific imbalance of right and left sided motor neuron excitability in schizophrenia
Methods

Patient population Fifty-three patients who were hospi-
talised on the Clinical Research Unit of Broughton were
studied. All patients participated voluntarily in the study
and were aware of the nature and purpose of the research.
All indicated their willingness to participate by means of
written informed consent. Diagnoses were based on the
Research Diagnostic Criteria.24 The table summarises diag-
nostic and demographic data of the patient population.
H reflex measures Techniques of H-reflex measurement
have been previously described.20 21 23 Measurements were
performed in a quiet, darkened room while the subjects were
comfortably seated in a reclining chair with the tested leg
extended and supported on the footrest by a rolled towel at
the ankle. Skin at recording and stimulation sites was
cleansed with alcohol. Recording electrodes (Beckman
silver-silver chloride) were affixed 2 cm apart below the gas-
trocnemius, directly over the soleus muscle. A large ground
electrode was attached over the upper posterior calf between
recording and stimulating electrodes. Stimulating electrodes
(silver-silver chloride discs imbedded in a lucite holder) were
firmly fixed over the posterior tibial nerve in the popliteal
fossa by means of an adjustable holder. Position was
adjusted to produce a large reproducible H-reflex response.
Electrical contact between electrodes and skin was provided
by Beckman electrode jelly. Measurements were made in the
right leg first and the left leg second in all cases. Previous
work has shown that order of testing does not affect
differences in recovery curve height between the right and
left leg.25 Square wave stimulus pulses 1 ms in duration were
generated by a Grass Model S88 stimulator with Stimulus
Isolation Unit. Electromyographic signals from the soleus
muscle were amplified and displayed on a storage oscil-
loscope for measurement. Single stimulus pulses were deliv-
ered at low voltage, increasing by IOV increments until the
maximum amplitude H-reflex was attained. Stimulus inter-
val during localisation of maximum was a minimum of 20
seconds. Subjects in whom the maximal H-reflex did not
exceed 2 mV were not tested. At the stimulus intensity for
the maximum H-reflex, paired stimuli were delivered at stim-
ulus intervals of 50, 100, 150, 200, 250, and 300 ms. From the
stored oscilloscope trace, the height of the H-reflex produced
by the second stimulus pulse (H2) was compared with the
height of the H-reflex produced by the first stimulus pulse
(H1) and estimated as a percentage (H1/H2%). The recov-
ery curve was generated by graphing H2/H 1% versus stimu-
lus interval. Test intervals for recovery curve determination

Table Diagnostic and demographic data of the patient
population

Diagnosis

Schizophrenia Affective Schizo-affective

Number
Males 12 10 8
Females 4 9 11
Total 16 19 19

Age (yr)
Mean 27-7 35-9 27-2
SD 6-1 10-0 7-2

was 60 seconds. Two parameters derived from the recovery
curve were used for analysis. The mean value of H2/H1%
over the measured stimulus intervals (50-300 ms) was
termed mean recovery curve height and the maximum value
observed was identified as Hmax.

Results

Mean recovery curve height and Hmax of the right
and left legs were compared for each diagnostic group.
Figure 1 presents a plot of right leg mean recovery
curve height versus left leg mean recovery curve height
for each of the three diagnostic groups, schizophrenia
(a), affective disorder (b), and schizo-affective disor-
der (c). Similarly, fig 2 presents a plot of right leg
Hmax versus left leg Hmax for each diagnostic group.
Pearson correlation coefficients relating right leg val-
ues to left leg values of mean recovery curve height
and Hmax for each diagnostic group revealed the
following relations: For the schizophrenic diagnostic
group, right and left values of mean recovery curve
height and Hmax were not significantly correlated
(mean recovery curve height: r = 0-081, df = 14, p =
NS; Hmax: r = 0 033, df = 14, p = NS). Right and
left values of both mean recovery curve height and
Hmax were significantly correlated for both the
affective disorder diagnostic group (mean recovery
curve height: r = 0 703, df = 17, p < 0-001; Hmax:
r = 0 476, df = 17, p < 0 05) and the schizo-affective
disorder diagnostic group (mean recovery curve
height: r = 0-766, df = 16, p < 0-001; Hmax: r =
0-831, df = 16, p < 0-001).
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Fig 1 Plot ofmean recovery curve height for right leg
versus left leg. (a) Schizophrenia. (b) Affective disorder.
(c) Schizo-affective disorder.
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Fig 2 Plot ofHmax for right leg versus left leg. (a)
Schizophrenia. (b) Affective disorder. (c) Schizo-affective
disorder.

Discussion

Goode, Manning
between the hemispheres or subcortically, and the
degree of dissociation is in fact more closely related to
degree ofpsychopathology in these diagnostic groups.
Such a dissociation may reflect a true disconnection
derived from callosal pathology or might reflect uni-
lateral or bilateral diffuse dysfunction at the hemi-
spheric or subcortical level sufficient to degrade
information from the other hemisphere. However,
such a disruption would have to be severe to affect
motor neuron excitability to the degree reported here.
Measurable changes in Hoffmann reflex activity have
been reported after severe disturbances of motor cen-
tres, such as stroke and Parkinson's disease.2628
The data from this study are supportive of a deficit

of hemispheric transfer specific to schizophrenia. This
is reflected by an asymmetrical activation of spinal
motor neurons as measured by recovery curve height.
This asymmetry is not present in either affective disor-
der or schizo-affective disorder. The similarity in
findings in schizo-affective disorder and affective dis-
order, distinct from those in schizophrenia, support a
closer relation between schizo-affective disorder and
affective disorder with respect to lack of evidence for
asymmetry of motor neuron excitability and hemi-
spheric disconnection. Since the postulated hemi-
spheric disconnection is clearly not present in the
schizo-affective subgroup, this may explain
differences in findings with respect to this hypothesis
when more exclusive diagnostic criteria for schizo-
phrenia have not been used.

The results are indicative of a right-left dissociation in
degree of motor neuron excitability that is diagnostic-
ally specific for schizophrenia. In both the affective
disorder and the schizo-affective diagnostic group,
motor neuron excitability was found to be sym-
metrical in the right and left legs. These findings are
supportive of the concept of a deficit in inter-
hemispheric connection specific to schizophrenia
hypothesised by Beaumont and Dimond.3 The meth-
odology of the present study has some advantage in
that the testing is independent of variables of atten-
tion and cooperation in reporting, which may be
impaired in the schizophrenic patient. Since the
Hoffmann reflex recovery curve is affected by cortical
and subcortical influences, our results may reflect sub-
cortical right-left dissociation rather than cortical.
However, evidence from evoked potential and anat-
omic studies support a defect of the corpus cal-
losum.9- 15

Previous evidence from our work have shown that
the magnitude of right-left differences in recovery
curve height is correlated with degree of psycho-
pathology in schizophrenic and schizo-affective
patients.23 It is quite possible that the right-left
differences reflect a rough degree of dissociation
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