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Lateral asymmetry of the Hoffmann reflex:
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SUMMARY Lateral asymmetry of the Hoffmann reflex (H-reflex) recovery curve was found in
seven subjects with no personal or family history of neurological or psychiatric disorder. Differences
between recovery curves from the right and left leg were larger than differences in the same leg on
two successive test days. In a group of 27 psychiatric inpatients, lateral asymmetry of the later
portion of the recovery curve was correlated with cortical laterality, as measured by selective
identification of differing verbal stimuli presented simultaneously to both ears (DL) and to total
laterality scores, a sum of visual half-field, DL, and motor laterality scores. Asymmetry of the
recovery curve is related in part to cortical laterality, possibly through selective activation of
cortical motor centres on the preferred side.

The Hoffmann reflex (H-reflex) is a monosyn-
aptic spinal reflex elicited by electrical stimula-
tion of the posterior tibial nerve, recorded as
an electromyographic response of the gastroc-
nemius-soleus muscle group.1 2 The amplitude
of the H-reflex is related to a-motor neuron
excitability,3 but absolute amplitude is affected
by electrode placement and skin and tissue resist-
ance. The ratio of the maximum H-reflex to the
maximum directly elioited or M-response (H/M
ratio) has been proposed as a better measure of
HWreflex activity.4 5 However, the H/M ratio is
poorly correlated with measures of spasticity.5
The H-reflex recovery curve is a record of

the effect of a conditioning stimulus on the
H-reflex produced by a second stimulus of equal
intensity.6 7 The time interval between the con-
ditioning and the stimulus pulses is plotted
against the amplitude of the H-reflex to generate
the recovery curve of the H-reflex. The recovery
curve is a more sensitive measure of changes
in a-motor neuron excitability than H-reflex
amplitude or the H/M ratio.8 Changes in the
H-reflex recovery curve have been reported in
Parkinson's Disease9-12 and spasticity secondary
to upper-motor neuron lesions.9 10 13 In all of
these studies, measurements were made on one
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side. Garcia-Mullin and Mayer'4 found altera-
tions in the recovery curve on the hemiplegic
side in patients with unilateral vascuilar upper-
motor neuron lesions. They also found changes
in the recovery curve on the unaffected side, but
usually it is assumed that the H-reflex, like other
monosynaptic reflexes is bilaterally symmetrical
in normal subjects.
We report asymmetries in the H-reflex re-

covery curve in seven normal subjects with no
personal or family history of neuromuscular
disease. Parallel measurements of H-reflex re-
covery curve and cortical laterality were made
simultaneously in a group of 20 psychiatric
patients, before and during treatment with three
antipsychotic drugs. We found a correlation of
cortical laterality with lateralisation of the Hoff-
mann reflex in these subjects.

Methods

Seven normal subjects, three male and four
female, ranging in age from 21 to 24 years, were
screened for a personal or family history of
neuromuscular disease or mental illness, or per-
sonal history of significant back or leg trauma,
and preferred handedness was established. They
were tested on two occasions, at least 24 hours
apart, the sum of the differences between the
right and left legs on both testing occasions
was compared by Student's t-test for paired data
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to the difference between tests summed for both
legs for each parameter.

Twenty-seven psychiatric patients with a local
diagnosis of schizophrenia or schizo-affective
disorder refractory to treatment were admnitted
to the Clinical Research Unit of Broughton
State Hospital for study of the effects of three
antipsychotic drugs (thiothixene, loxipene, and
molindone). Measures of the Hoffman reflex
recovery curve, and of cortical laterality, were
performed in the absence of drugs, (five days
after withdrawal of oral medication), and was
repeated after one month of treatment with each
of the three antipsychotic agents. Repeated
measures of cortical laterality are more accurate,
so we selected the second and the equivalent
Hoffman reflex when this was available. Eighteen
of the 27 patients were tested repeatedly, and the
second test was used for this study (initial
measures were used for the remaining nine
patients).
The method for measurement of the recovery

curve has been described previously.15 16 Subjects
were tested while rectining in a lounge chair
with the tested leg supported at the ankle by a
rolled towel. Beckman silver-silver chloride re-
cording electrodes were placed 2 to 4 cm apart
over the lower gastrocnemius and soleus muscles,
and a ground electrode was strapped over the
upper posterior calf. The stimulating electrodes
were fixed over the posterior tibial nerve in the
popliteal fossa. Square-wave stimulus pulses I
ms in duration were delivered to the posterior
tibial nerve. At the stimulus voltage for the
maximum H-response, paired stimuli were de-
livered at intervals from 30 to 1000 ms, with
one minute intervals between stimulations. The
ratio of the amplitude of the H-reflex produced
by the second stimulus pulse (H,) to the ampli-
tude of the H-reflex produced by the first stimu-
lus pulse (H,) expressed as a percent (H2/Hl%),
was estimated. The recovery curve was produced
by plotting H,/Hl % against stimulus interval.

Three parameters of the recovery curve
selected for analysis: (A) the maximum value of
H,/Hl% over the stimulus intervals from 50 to
300 ms; (B) the mean value of H.,/H ,% over
stimulus intervals 50 to 300 ms; and (C) the
mean value of H2/H1 % over stimulus intervals
400 to 800 ms. These parameters are illustrated
on a normal recovery curve in fig 1. Overall
recovery was estimated by summing parameters
B and C. Recovery curve lateralisation coeffi-
cients were obtained by subtracting the value of
each parameter of the left leg from that of ihe
right leg.
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Fig 1 Normal recovery curve with illutstration of
parameters studied. Parameter A is the maximum value of
H,1jH, % over stumulus intervals S0 to 300 ms.
Parameter B is the mean of H2/H1% over stimulus
intervals 50 to 300 ms. Parameter C is the mean value
ofH2/HL /' over stimulus intervals 400 to 800 ms.

Three measures of cortical laterality were per-
formed at the time of recovery curve testing in
all psychiatric patients. Visual half-field (VHF)
measurement was based on selective recognition
of 40 four-letter word stimuli exposed simul-
taneously to the right and left visual fields.
Dichotic listening (DL) measurement was based
on recognition of monosyllabic nouns presented
simultaneously to the right and left ears by
stereophonic earphones. Motor laterality (ML)
was derived from observations of handedness in
11 common motor activities, finger tapping
speed, and m,anual dexterity (Crawford Small
Parts Dexterity Test-Part I). VHF, DL, and
ML results were quantitated by means of an
index ranging from -1 to +1 with a positive
score indicating a right-sided (left-cortical)
advantage. A tot,al laterality score was computed
by adding the VHF, DL, and ML indices. H-
reflex and psychological tests were performed by
different individuals who were unaware of other
test results.

Results

There were differences between the recovery
curves measured from the right and left leg in
normal subjects (fig 2). To determine whether
this asymmetry represented a systematic difference
between the right and left side, recovery curve
measures were repeated on a second testing day.
Differences between the left and right sides
persisted in all five subjects. If the recovery
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Fig 2 H-r-eflex recovery curve from right leg (solid line)
and left leg (dashed line) ofa normal subject

curve of the left leg was higher than that of the
right, it remained higher than the right on re-

peated testing in all subjects.
Differences between the right and left side

were compared to differences in the same leg
between repeated testing (table 1). Lateral dif-
ferences were larger than differences between
tests for the same leg for each of the three para-
meters studied. All control subjects tested ex-

pressed right hand preference. Of the seven sub-
jects tested, three had higher recovery curves in
the right leg, and four had higher recovery in
the left leg.
Table 2 presents correlation coefficients relat-

ing coefficients of lateralisation for the three
parameters of the H-reflex recovery curve to the
measures of cortfical laterality in the 27 psychia-
tric patients. Coefficients of lateralisation for
parameters C were correlated with both DL and
total measures of cortical laterality. Coeffi-
cients of lateralisation for parameters A and B

Table 2 Relation of recovery curve lateralisation to
conventional measures of cortical laterality. (Pearson
correlation coefficients are presented relating
lateralisation coefficients ofeach recovery curve parameter
to indices of laterality.)

Recovery Cortical Correlation N Significance
curve laterality coefficient
parameter index

A VHF -*0784 22 NS
DL 0925 27 NS
TOTAL - 0999 21 NS

B VHF -*2779 22 NS
DL -*0456 27 NS
TOTAL -1144 21 NS

C VHF -2895 22 NS
DL -3826 27 p<005
TOTAL -4245 21 p< 005

C+F VHF -3327 22 NS
DL -2105 27 NS
TOTAL -2868 21 NS

were not correlated with any of the measures

of cortical laterality. Coefficients of lateralisa-
tion for the sum of parameters C and F, an

estimate of total recovery curve height, were

not correlated with measures of laterality and
total laterality scores.

Discussion

We have found significant lateral asymmetries
in the H-reflex recovery curve in a group of
normal subjects without history of neurological
disease, an asymmetry t,hat persisted on repeated
testing. The difference between the right and
left leg was greater than that of repeated
measurement of the same leg, indicating that
this observation is not an artifact. (Lateral dif-
ferences in the H-reflex have not been described
in normal subjects, although lateral differences
have been reported in a study of patients with
unilateral upper motor neuron lesions, in which
asymmetry of the recovery curve was assumed
to be one neurological abnormality.14)
These data from the H-reflex recovery curve

provide evidence for a persistent lateral asym-

Table I Statistical comparison by t-test for pair-ed data of test-retest differences and right-left differences in
H-reflex recovery curve parameters

Mean difference between Mean difference between t p
test ±SD right and left side+SD

A. Maximum value H2/H1% over 32 86± 19 76 50 00±20 41 3 0317 0-05
stimulus interval 50 to 300 ms

B. Mean value H2/H1% over 19-004-829 31 86±16 43 2 1667 NS
stimulus interval 50 to 300 ms

C. Mean value H2/H1 % over 14 71 ±5-22 29 00 19 66 2-2672 NS
stimulus interval 400 to 800 ms

Parameter P & C 33 71 ±:6 26 60 86-'24 31 3-2382 0 05
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metry of a-motor neuron excitability in normal
subjects. There are a limited number of reasons
for these findings: (1) asymmetry of input from
peripheral receptors, particularly muscle spin-
dles, which could be altered by asymmetric
activation of the gamma-motor system, (2) asym-
metry in intrinsic excitability of the a-motor
neuron in the spinal cord, (3) asymmetry in
activity of spinal interneurons, or (4) asymmetry
of input from higher centres. Although there is
not full agreement,'7 the recovery curve is be-
lieved to be affected by input from higher
centres as shown by abnormalities of the recovery
curve occurring in patients with Parkinson's Dis-
ease9 12 and their correction by thalamotomy."
Cortical motor centres also affect the recovery
curve, as abnormalities are found after upper
motor neuron lesions.9 10 13

It is possible asymmetries in H-reflex recovery
curve are related to cortical dominance. How-
ever, no clear relationship was observed be-
tween preferred handedness and recovery curve
asymmetry in the control subjects studied. Pre-
ferred handedness alone is not, however, reliable
as a predictor of cortical laterality.18 Simul-
taneous measures of cortical laterality using
different outputs (VHF, DL, and ML testing)
were compared to H-reflex asymmetries in 20
psychiatric inpatients. Asymmetries of the later
portion of the recovery curve (parameter C)
were correlated with DL measures of cortical
laterality and total laterality scores. In each
relation, lower recovery curves were found on
the preferred side. This is of interest in that
patients with an upper-motor neuron lesion, as
well as those with Parkinson's Disease, have an
elevation of the recovery curve in the corre-
sponding leg.9 12 14 Previous work15 16 has shown
that the severity of psychiatric abnormality is
correlated with recovery curve elevation in
patients with chronic schizophrenia.
A contemporary theory of cortical laterality

suggests that selective hemispheric activation
may play a role in the determination of later-
ality.19-2' Our observations are consistent with
this hypothesis, if one assumes that cortical
activation is associated with lowering of the
recovery curve on the preferred side. Cortical
dysfunction has been shown to be related to
elevation of the recovery curve,'4 but direct evi-
dence for lowering of the recovery curve related
to cortical activation is not available. Recent
work in laboratory animals has demonstrated
that subcortical concentrations of biogenic
amines may determine laterally asymmetries.22 23
These data suggest that subcortical, as well as

cortical, lateral differences may contribute to
recovery curve asymmetries.
Asymmetry of some degree was found in both

control and patient subjects. Since all subjects
were carefully screened to eliminate a history
or neurological or muscle disease or trauma to
legs or back, the asymmetries found must re-
present a physiological process. Therefore, cau-
tion should be exercised in interpreting lateral
asymmetry of the H-reflex recovery curve, for
such asymmetry does not necessarily indicate a
pathologic process. Further study is indicated
to elucidate the physiological basis for these
findings.
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of Mental Health/Mental Retardation and by
the North Carolina United Way. Grateful
acknowledgement is made to the staff of the
Clinical Research Unit at Broughton Hospital
for conscientious care of the patients studied
and to Mr Bob Condor and Steve Henson who
performed most of the testing.
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