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Impairment and recovery of left motor function in
patients with right hemiplegia

Ph Marque, A Felez, M Puel, J F Demonet, B Guiraud-Chaumeil, C F Roques, F Chollet

Abstract
Objective-To assess the motor function
of the left, supposedly unaffected, limbs
of patients with an acute right vascular
hemiplegia.
Methods-Fifteen patients with an
acute vascular right hemiplegia and 16
matched healthy controls were studied.
Motor function of the left limbs of each
patient was evaluated on days 20 and 90
after their stroke using four validated
tools (hand dynamometer, isokinetic
dynamometer, finger tapping, and nine
hole peg test).
Results-There was a significant impair-
ment ofmotor function ofthe left limbs of
patients at day 20 compared with con-
trols. The impairment had recovered
almost completely at day 90 after the
stroke.
Conclusion-These results show the bilat-
eral cerebral representation of the human
motor system and suggest the participa-
tion of ipsilateral motor pathways in
recovery after a stroke.

(J Neurol Neurosurg Psychiatry 1997;62:77-8 1)
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The Swedish neuroanatomist Brodall was the
first to describe a right motor impairment after
his own acute left sided hemiplegia. He partic-
ularly mentioned a deficit affecting his hand-
writing; irregularities in letters, lines, and
intervals were noticed. Several years later,
other authors,2 3 using isometric testing,
reported similar findings and showed the pres-
ence of a discrete but actual ipsilateral deficit
in hemiplegic patients.

These clinical findings firstly suggest that,
in humans, despite its high degree of lateralisa-
tion, the motor system remains bilateraly dis-
tributed in the brain and may be bilaterally
involved in the execution of motor tasks.
Bilateral activation of motor cortices during
the performance of unilateral motor tasks in
normal subjects has been documented.
Colebatch and Gandevia4 and Sabatini et al,5
using PET and SPECT respectively, failed to
detect any ipsilateral activation in normal sub-
jects executing unilateral motor tasks.
Concurently, Shibasaki et al showed that the
performance of complex motor tasks was
accompanied by a bilateral activation of motor
cortices.6 Studies with PET emphasised the
influence of the healthy hemisphere in the

process of recovery after a stroke.78 They sug-
gest the existence of a functional ipsilateral
motor pathway.9

Secondly, the clinical finding of an ipsilat-
eral motor deficit in patients with hemiplegic
stroke raises the question of the participation
of ipsilateral motor pathways in the processes
of recovery after a stroke.

This clinical study aimed prospectively: (1)
to assess the presence of a left motor deficit in
patients with acute right hemiplegia using a set
of complementary tests including isokinetic
testing of force; (2) to characterise the type
and topography of the deficit; and (3) to
describe its time course during the first three
months after the stroke.

Subjects and methods
PATIENTS AND CONTROLS
Patients
Fiftreen of 24 consecutive patients (10 men,
five women; mean age 65-6 (SD 14.3))
referred to the neurology department for acute
right vascular hemiplegia were included. They
were selected according to the presence of the
following criteria:

* They all had a first right sided motor
deficit of abrupt onset (affecting arm and leg)
corresponding to a single vascular left hemi-
spheric lesion. All lesions were unique and
were confirmed by CT. Twelve were
ischaemic (six striatocapsular infarctions, five
infarctions of the superficial sylvian artery terri-
tory, one large sylvian infarction involving
deep and superficial sylvian artery territory)
and three were haemorrhagic (basal ganglia
haematomas).

* They were able to perform the tests used
in this study

* They were free of other disease.
All of them were right handed. Ten showed

mild to moderate aphasic symptoms, but at
the time of the study, their language was good
enough to allow the performance of the motor
tests in apropriate conditions. A mild right
sensory deficit was present in nine patients.
None of them had any orthopaedic or cardiac
symptoms which could interfere with the per-
formance of isokinetic motor tests.
The right motor deficit was assessed using

the combination of three validated indexes:
the trunk control test, a motor function index,
and the Ashworth scale. 10-13 The data were
rescaled so that the maximum score did not
exceed 100.
Nine of the 24 patients patients could not

be included in the study and were rejected:
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three of them died before the 50th day; two
patients were unable to participate because of
severe aphasic symptoms; two others had
another disease which could have interfered
with the results of the tests; and two patients
refused to participate in the study.

Controls
A control group of 16 healthy right handed
sedentary subjects (mean age 65 (15 7)) (10
men, six women) matched for age and sex and
also height (H), weight (W), and body mass
index (BMI = H/W2), was selected, as human
strength partly depends on anthropometric
data, particularly for weight bearing muscles.

MOTOR FUNCTION OF LEFT LIMBS
We studied the motor function on the left side
of the patients and of their controls with four
validated tests.

Hand dynamometer
The purpose of this test was to measure the
strength or intensity of the voluntary move-
ments of the hand. 1415 We used dynamometer
model 68810, Vitalsigns TM, Japan. The
length of the dynamometer stirrup was
adjusted to the size of the subject's hand. The
subjects held the upper part of the dynamome-
ter in the palm of their left hand, their arm
down at the side and away from the body.
They were asked to squeeze the stirrup with
their fingers as hard as possible. The grip
strength was recorded in kg. Three consecutive
tests with five minutes rest were performed.
We used the highest of the three trials.

Isokinetic dynamometer
The isokinetic dynamometer"6 aims at record-
ing the joint moment of force when the con-
tracting muscles cause the joint to rotate at a
predetermined angular rate. Such contractions
approximate to isokinetic conditions within the
muscle and can be used to determine the force-
velocity characteristics in vivo. Hence it allows
assessment of phasic strength. At low speed,
the method correlates satisfactorily with iso-
metric measurements and its reproducibility
has been found to be better.'7 Very strict con-
ditions are necessary to guarantee good repro-
ductibility'8 namely, standardised position,
correction of gravity error, and training period.
This method was validated with young and old
subjects'9 and with patients with rheumatologi-
cal20 and neurological diseases.2'
We used an isokinetic dynamometer Cybex

600 (Cybex division, Lumex Inc, Ronkon-
koma, New York, USA). A training period of
four runs with five minutes rest was performed
before the testing set. The testing procedure
included four flexions and four extensions with
full range motion. Because of the risks of mus-
cles and tendons tearing at low speed, particu-
larly with old people, we used the usual
medium speed22 for each joint. Flexion and
extension of hip, wrist, and elbow and eversion
and inversion of the ankle were tested in each
patient and control. Isokinetic testing was per-
formed at 60°/s for the hip and ankle, at 90°/s
for the elbow, and at 120°/s for the wrist.

The shoulder and knee were not tested. We
did not test the shoulder because orthopaedic
dysfunction is often present in that age class.
We found the knee difficult to test with this
technique as it requires the patients to be sit-
ting and their axial musculature to participate.
We have used the usual standardised

positioning of the subject and a full description
is given by Davis22 and the user's guide of
Cybex 6000 (Cybex Division of LUMEX,
Ronkonkoma, New York, USA)
The subject was lying down on the Cybex

table and was stabilised by a pelvic belt and a
torso belt for isokinetic testing of the hip, ankle,
and elbow. For the wrist the subject was seated
and stabilised on the chair by a pelvic belt and a
torso belt. Joints and segments not involved in
the measurements were fastened by straps.
The axis of rotation of the dynamometer was

placed in front of the joint axis. An adjustable
arm with strapped thigh pad (hip), or hand
grips (elbow and wrist), or footstrap (ankle)
allowed the tested segment of the left limb to
rotate the dynamometer axis. Full range of
motion was tested except for the hip, in which
range limitations reduced the motion from
- 100 extension to +90° flexion to avoid low
back pain. The computer procedure allowed
the impact of gravity to be measured and gravity
error to be corrected at the same time. For all
these joints the value recorded was the maxi-
mum moment or peak torque measured in
Newton meters (Nm).

Finger tapping
The purpose of this test'4 was to measure the
motor speed of the index finger."' The subject
was asked to tap for 10 seconds as quickly as
possible with the left index finger on a com-
puter key (MacIntosh LCII, Apple Computer
Inc, Cupertino, CA, USA). The subject's left
hand was placed palm down, index finger on
the key. The investigator was careful that the
subject moved only the index finger. The num-
ber of taps was automatically recorded by the
computer. Five consecutive trials were
recorded for each subject. When the results
were too variable from one trial to another
(more than a five point range from fastest to
slowest) additional trials were run and the
scores of the deviant trials were discarded. A
maximum of 10 trials was allowed. A period of
five minutes rest was given after each trial. We
considered the mean of the best five trials.

Nine hole peg test
The purpose of this test was to measure finger
and hand dexterity or accuracy.'0 The subject
was asked to place nine pegs in nine holes and to
remove them with the left hand as quickly as
possible. We used nine wooden dowels of 9
mm diameter and 32 mm length. The board
was a wooden base with nine holes (10 mm
diameter, 15 mm deep) 15 mm apart in three
rows of three holes and with a tray 100 mm
square and 100 mm deep to hold the pegs. The
computer recorded the time neccessary to per-
form the test. Five trials with five minutes rest
were recorded. We used the mean of the five
trials.
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CHRONOLOGY AND STATISTICS
The complete procedure lasted about three
hours including the resting periods. The
patients were evaluated twice: the first mea-
surement was performed 20-8 (SD 12) days
after the onset of the stroke, the second was
performed 90 3 (SD 15) days after the onset
of the stroke.

Non-parametric tests were used. The
results at day 20 and day 90 were compared
by the Wilcoxon signed rank test. The
comparison between patients and controls
was performed with the Mann-Whitney U
test.

Results (table)
HAND DYNAMOMETER
Our patients showed a significantly diminished
hand grip at day 20 compared with controls.
The hand grip of the patients improved signifi-
cantly between days 20 and 90.

ISOKINETIC TESTING
Hip
We found a significant decrease of the peak
torque of the flexion and of the extension
of our patients' hips at day 20 compared with
the controls. The peak torque of the hip
increased significantly between the 20th day
and the 90th day. Hip extension peak torque
remained significantly impaired at day 90
in patients compared with their control
group.

Ankle
Inversion of the ankle in the patients showed a
significant decrease of peak torque at day 20
compared with controls. Peak torque in-
creased significantly in our patients at day 90.
Despite a decreasing trend, the differences
recorded for ankle eversion were not signifi-
cant.

Elbow
Despite similar trends to the hip and ankle, the
deficit recorded on elbow testing between
patients and their controls did not reach signif-
icance.

Wrist
Isokinetic testing of wrist flexion and exten-

sion showed a significant decrease of peak
torque in our patients at day 20 compared
with their controls. This peak torque had sig-
nificantly increased at day 90 in the patient
group.

FINGER TAPPING
No difference in finger tapping performance
was detected between patients and controls
either at day 20 or at day 90.

NINE HOLE PEG TEST
The nine hole peg test showed a significant
difference between patients on day 20 and
controls and between patients at day 20 and at
day 90. Performance on the nine hole peg test
remained significantly impaired in patients on
day 90 .

Discussion
This clinical study showed that in patients
with an acute vascular right hemiplegia, a
motor deficit could be seen on their suppos-
edly unaffected left side and this motor deficit
recovered during the first weeks after the
stroke. Force (hand grip, isokinetic move-
ments) and dexterity (nine hole peg test) were
mainly concerned whereas repetitive move-
ments (finger tapping) were spared. Recovery
at day 90 was not complete as the nine hole
peg test test and hip extension peak torque
were still significantly different from the con-
trols.
We think that the left sided motor deficit is

valid and does not correspond to an artefact.
Our data for patients did present a wide range
of values with wide standard deviations but
this was also the case in our control population
and corresponds to the fact that the results
depend on age, sex, and anthropometric data.
It is also our opinion that the motor tasks were
performed in appropriate conditions and that
the patients produced a maximum effort. All
the patients were able to understand and to
perform the tasks. The repetition of trials and
the reproducible shape of the four curves
recorded for each set of isokinetic movements
increases our confidence in the data. More-
over, this left sided deficit does not seem to be
related to bed rest as it is known that these
prevail on weight bearing muscles and it

Left motorfunction ofpatients and controls: measurements and statistical comparisons

Patients Controls

Day 20 Day 90 P value < P value <
Mean (SD) Mean (SD) Day 201day 90 Mean (SD) Day 20/C Day 90/C

Hand dynamometer 16-3 (12 6) 21 6 (13 6) 0 01 27-2 (11-2) 0 05 NS
Hip:
PT flex 50 4 (24-7) 68-1 (25-2) 0 01 93 8 (41-8) 0 01 NS
PT ext 35-2 (32-3) 63-4 (41-3) 0 01 110 9 (56) 0 001 0 05

Ankle:
PTinv 8-7 (7 6) 12 1 (7 6) 0-01 15-1 (8 8) 0-05 NS
PT ever 9 9 (6 4) 11 9 (12 4) NS 12-4 (8-1) NS NS

Elbow
PT flex 217 (14 2) 26 1 (13 3) NS 29 9 (10-3) NS NS
PText 26-5 (17-6) 32-3 (15 2) 0 05 34-4 (12-2) NS NS

Wrist
PTflex 5 3 (4 5) 9 1 (5 2) 0-01 9 (3 8) 0-05 NS
PT ext 3 7 (2-4) 6-1 (3-5) 0 01 6-6 (2-5) 0-01 NS

Finger Tapping 38-9 (10 4) 41 6 (7-8) NS 38-4 (7-9) NS NS
Nine hole peg test 29-8 (6-4) 23-4 (3-7) 0 001 18-3 (3) 0-001 0-01

Flex = flexion; ext = extension; inv = inversion; ever = eversion; C = controls
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would be very surprising if bed rest interferes
with the nine hole peg test, hand grip, and iso-
kinetic movements of the wrist. In the same
way, it seems that our data do not correspond
to the consequences of controlateral axial
deficit. In fact, isokinetic tests were performed
in a standardised position. Segments not
involved in the measurements were fastened
by straps. Moreover, even if controlateral
deficit can explain proximal deficit, it is an
unlikely explanation for distal impairment of
the ankle and wrist.

It is justified, as we chose a population of
patients with right hemiplegia, to ask if this
deficit could be related to apraxic symptoms.
Apraxia is defined as a disorder of learned
movement not caused by weakness, akinesia,
deafferentation, abnormality of tone, posture,
abnormal movement such as tremors and
chorea, intellectual deterioration, poor com-
prehension, or lack of cooperation.23 Some
authors have recorded up to 50% of right
hemiplegic patients with apraxic disorders.24
The presence in our study of a deficit of motor
execution (force) prevents validation of any
apraxia. Moreover, as a left sided motor deficit
exists, perhaps apraxic symptoms currently
detected by practioners when they test the
motor function of the supposed healthy side of
right hemiplegic patients are not really related
to apraxia and apraxia is sometimes overdiag-
nosed.

Ipsilateral motor deficits have already been
reported in patients with hemispheric lesions
affecting skilled sensory-motor tasks such as
the pegboard task.25 Conflicting results
appeared concerning finger tapping and grip
strength.26 28 Some authors found a significant
impairment2628 which was not recorded by
others.27

Colebatch and Gandevia measured the
moment created by an isometric effort in a
population of 20 hemiplegic patients at differ-
ent times after their stroke.4 They also found
an impairment of the supposed healthy side.
The deficit prevailed on shoulder abduction
and wrist extension4 and the lower limb was
globally affected.3

Concurrently, Jones et aP found in a popu-
lation of eight hemiplegic patients an impair-
ment of handgrip and of shoulder motor
function of the healthy side. This deficit recov-
ered within the first month. They also
recorded an impairment of visuomotor coordi-
nation of the healthy side.

Hence at least three different studies, using
different protocols and populations, found an
impairment in motor performance of the sup-
posed healthy side after stroke. This is in
agreement with our findings. Nevertheless, we
underline that the deficit we showed affected
both distal and proximal parts of each limb.
This suggests that the bilateral input of motor
function does not focus exclusively on the
proximal segments of each limb but also par-
ticipates in the motor control of the distal
parts. Moreover, to our knowledge, our study
is the first to measure phasic strength during
the performance of movement. Finger tapping
is the only test which failed to detect any

deficit. Finger tapping measures rapid, simple,
and repetitive movements and does not test
force. Our data suggest that left sided motor
deficit concerned mainly force (hand grip, iso-
kinetic testing) and dexterity (nine hole peg
test) but spared rapid repetitive movements.
This implies that ipsilateral automatic motor
function and its corticosubcortical loops were
not affected in our patients.
The evidence of a motor deficit affecting the

supposedly healthy side of patients with right
hemiplegia raises the question of the existence
of ipsilateral motor pathways. Several argu-
ments exist in the medical literature to support
this hypothesis. Activation studies with PET
and more recently fMRI support the participa-
tion of ipsilateral motor pathways in the motor
function of normal subjects and of patients.
Several PET or SPECT studies in normal sub-
jects4 5 29 showed no significant activation of
ipsilateral motor cortices during the perfor-
mance of a standardised motor task despite a
trend in some.' Nevertheless, recent studies
with more subjects showed that the complexity
of the task was correlated with a discrete but
real activation of the ipsilateral cortices.6 We
personally found, using fMRI (Siemens Vision
15T), that in normal subjects the perfor-
mance of a unilateral motor task resulted in a
bilateral activation of motor areas (unpub-
lished data). Activation of ipsilateral motor
cortices has been shown many times in
patients with acute neurological disease.7 9 3(
Ipsilateral motor cortices are activated in
patients with recovered vascular hemiplegia
during the performance of a motor task and
they may play a part in functional reorganisa-
tion processes.

In 10 patients recovering from stroke,
Palmer et al,31 using electromagnetic stimula-
tions of the unaffected hemisphere, failed to
show that in adults, recovery from stroke
resulted from the emergence of ipsilateral fast
conducting corticospinal pathways. They
showed that stimuli sufficient to excite the
neurons of the fast conducting corticospinal
pathway (short latency facilitation of contralat-
eral biceps motor neurons) did not produce
short latency depolarisation of motor neurons
of the ipsilateral biceps.
The study of patients with mirror move-

ments and with hemispherectomy32 14 provides
us with some more arguments in favour of an
oligosynaptic pathway.

Carr et al32 found evidence for reorganisa-
tion of central motor pathways in 21 of 33
patients with hemiplegic cerebral palsy. The
clinical and neurophysiological findings dis-
closed two different forms of reorganisation
according to the intensity of the mirror move-
ments and to the onset of the motor deficit in
life. Some patients with congenital hemiplegia
had intense mirror movements and evidence
for bilateral fast conducting corticospinal
pathways. Other patients with an acquired
hemiplegia between 9 months and 7 years of
age had weaker mirror movement. Magnetic
stimulation of the healthy hemisphere induced
the usual controlateral answer but also
induced an ispsilateral evoked potential which
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occurred 4 ms later on average than the con-
tralateral one. This ipsilateral answer was also
smaller than the contralateral one. These
results suggest that in this group another
mechanism for mirror movement could be
identified which could implicate an oligosy-
naptic ipsilateral motor pathway even after
maturation of the corticospinal tract. This
pathway might participate in the recovery
processes of acquired hemiplegia.

In a population of patients with hemi-
spherectomy, Benecke et all3 found compara-
ble results. The magnetic stimulation of the
unaffected hemisphere provided both ipsilat-
eral and controlateral potentials. The ampli-
tudes of ipsilateral compound muscle action
potentials roughly correlated with their indi-
vidual residual motor capacities and showed a
proximal-distal gradient. In patients with early
brain damage the ipsilateral potential had
short latencies and large amplitudes, whereas
patients with later acquired brain damage pre-
sented long latencies and small amplitude.

Comparable results were found in patients
with a degenerated pyramidal tract.35

Overall, these reports suggest that the rein-
forcement of the ipsilateral motor pathways
may play a dominant part in the ipsilateral
motor control of patients with brain damage.
The efficiency of this control seems to be
greater when the lesion occurs early in life.
Our results provide some arguments to sug-
gest that this ipsilateral motor control also
exists at the beginning of the stroke even in the
adult population.
A fuller characterisation of ipsilateral motor

pathways remains to be achieved. Two main
hypotheses need to be tested. A transcallosal
inhibitory pathway disrupted on hemispheric
lesion has been proposed by some authors. A
twice crossed spinal tract was proposed by
others 33-37
We suggest that ipsilateral deficit must be

taken into account in the rehabilitation proce-
dures. This aspect needs to be tested precisely.
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