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Comparative study on the relationship
between stroke hemisphere and functional
evolution In right-handed individuals

Estudo comparativo entre a relacao do hemisfério acometido no acidente
vascular encefalico e a evolugao funcional em individuos destros

Voos MC!, Ribeiro do Valle LE?

Abstract

Objective: The left hemisphere is supposed to be dominant for motor control and the right hemisphere dominant for spatial orientation.
This study aimed to test the hypothesis that left-side lesions cause greater impairment of voluntary movement, while right-side lesions
cause loss of spatial attention loss and postural control. Individuals with left-side lesions were compared with individuals with right-side
lesions, in relation to initial impairment and recovery three months after their stroke. Methods: Twenty-two right-handed individuals with
an ischemic lesion in the area of the middle cerebral artery (11 on the left side and 11 on the right side) were assessed monthly, for the
first three months after their stroke, in terms of sensitivity, tonus, posture, gait, functional independence and spatial attention. Results: In
relation to the initial impairment, there was no difference in sensitivity, tonus, strength, posture and spatial attention between the groups.
The left-side lesion group presented worse initial performance in gait and functional independence tests. In relation to the recovery
rate, there were no differences in sensitivity, tonus, strength, posture, spatial attention or functional independence between the two
groups. However, the gait recovery rate in the left-side lesion group was slower than in the other group. Conclusions: The hypothesis
that left-side lesions cause greater impairment of voluntary movement (represented by gait and functional independence) than do right-
side lesions was supported. However, no evidence that right-side lesions cause greater impairment of spatial attention and posture
maintenance than do left-side lesions was found.
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Resumo

Objetivo: O hemisfério esquerdo é dominante para o controle motor e o direito para a orientagéo espacial. Este estudo visou testar
as hipoteses de que a lesdo a esquerda causa maior prejuizo da movimentag&o voluntéria e a leséo a direita resulta em perda na
atencao espacial e no controle postural. Individuos com lesdo a esquerda foram comparados com individuos com leséo a direita, com
relagdo ao comprometimento inicial e recuperacao trés meses pos-leséo. Materiais e métodos: Vinte e dois individuos destros com
les&o isquémica no territério da artéria cerebral média (11 a esquerda e 11 a direita) foram avaliados mensalmente nos trés primeiros
meses pos-lesdo em termos de sensibilidade, tonus, forga, postura, marcha, independéncia funcional e atengéo espacial. Resultados:
Com relagéo ao comprometimento inicial, ndo houve diferenca na sensibilidade, tonus, forga, postura e atengéo dos grupos. O grupo
com lesdo a esquerda apresentou pior desempenho inicial nos testes de marcha e de independéncia funcional. Com relagdo a taxa
de recuperagéo, ndo houve diferencas na sensibilidade, tonus, for¢a, postura, atencdo e independéncia funcional dos dois grupos.
Porém, a taxa de recuperagdo da marcha do grupo com leséo a esquerda foi inferior & do outro grupo. Conclusdes: Foi confirmada
a hipdtese de que a lesdo a esquerda causa maior comprometimento da movimentagdo voluntaria, representada pela marcha e
independéncia funcional, que a leséo a direita. Nao foi obtida, no entanto, evidéncia de que a lesdo a direita compromete de modo
mais intenso a atengéo espacial e a manutengéo da postura que a leséo a esquerda.

Palavras-chave: acidente cerebrovascular; reabilitagéo; lateralidade funcional; marcha.
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Introduction

The clinical characteristics that result from a cerebrovascular
accident (CVA) have been extensively studied. It is known that CVA
is highly debilitating and that after injury, many individuals depend
on some kind of assistance for months or years, or even for their en-
tire life"%. Injury location and size have a strong influence on its clini-
cal evolution®, and the differences in the functional consequences of
right and left hemispheric CVAs are of particular interest.

Besides severe language dysfunctions, patients with left
hemispheric injuries tend to demonstrate a greater frequency
of apraxias*®. Motor activities that require planning are more
related to the left hemisphere and are therefore more affected
after left hemispheric injuries®. As the majority of activities of
daily living involve complex motor sequences, it is possible
to suppose that performance of these activities will be more
affected in patients with left hemispheric injuries, especially
because of the alterations in motor responses observed after
CVA (hemiparesis), therefore, part of the movement sequence
would need to be reprogrammed for activities of daily living.

Difficulties in activities of daily living would be additionally
aggravated in right-handed patients with left injuries as they
would not be able to count on their dominant extremity, es-
pecially during the beginning of the recovery period, when the
strength deficit is more pronounced. In healthy individuals, the
dominant upper extremity is superior to the non-dominant ex-
tremity in tasks that that demand velocity, precision, coordina-
tion®, muscle resistance’ and prehensile strength®. Therefore, it
is possible to suppose that impairments of the dominant upper
extremity would be most detrimental for activities of dailyliving
compared to impairments on the non-dominant side, with the
result of greater performance losses in right-handed individu-
als with left hemispheric injuries and right-side hemiparesis.

Some studies have reported that patients with left CVA
demonstrate inferior performance on daily living activities
during the first month of recovery, as measured by functional
independence scales (Functional Independence Measure and
the Barthel Index)* . Other studies that investigated this issue,
however, did not find such performance differences.

Clinical practioners frequently have the impression that
the functional recovery of patients with left-side CVA is worse
than the recovery of patients with right-side CVA, however, no
experimental confirmation of this idea has been found. Some
authors describe poorer recovery of symmetry and velocity in
sit-to-stand movements in these types of patients', however,
results are difficult to interpret because patients with sensory
deficits and hemineglect were excluded from the studied
samples. Other authors report a slightly inferior performance
recovery, as measured by the Functional Independence Mea-
sure, two months after left hemispheric injury*.

The functional impact of injuries to the right hemisphere is
also considerable. Patients with such injuries, initially demon-
strate body image deficits, neglect of the extracorporeal space
opposite to the side of the injury™ ' and visuomotor deficits'”*%,
Initially, there is greater weight-bearing on the non-affected side
of the body and postural alignment is affected™.

Hemineglect and the consequent lack of recognition of
functional losses on the opposite side of the body could con-
stitute a particularly important obstacle to functional recovery
of patients with injuries in the right hemispheric. The lower
demands for use of the non-dominant upper extremity in daily
activities compared to the dominant upper extremity would
be an additional factor to interfere with recovery. This would
reduce the motivation of the patient to try to use the affected
extremity, leading to its maintenance of neglect. One study
reported poorer recovery of postural stability while standing®
and two other studies reported inferior recovery of the ability to
sit without support and the presence of trunk compensations
for stability in these patients®" *. Additionally, there are some
studies describing inferior recovery of functional independency,
as measured by the Barthel Index, in patients with right hemi-
spheric injuries® *, however, these reported differences were
not observed in other studies'"".

The reported findings indicate some consistencies in the
literature regarding the specificity of some deficits caused by
injuries to the left and right hemispheres, but also point out
some disagreement in regard to the specificity of other deficits.
Such disagreements could result from the considerable variabil-
ity of injury magnitude and location. In fact, the lack of careful
control of those variables in many studies indicates the need
for cautious interpretation of their results. Care is even more
important in face of the lack of control of hand dominance of

5,9,10, 14,21,

the studied patients %24 the exclusion of patients with

dysphasia®** and hemineglect". These procedures obviously
limit the conclusions that can be drawn from the referred
studies. A careful characterization of functional deficits dem-
onstrated by patients with left and right hemispheric injuries
is certainly important from the clinical standpoint, since this
could assist the clinician to select the most appropriate thera-
peutic interventions for the rehabilitation of each of the two
types of patients.

The objective of the present study was to systematically
investigate the similarities and differences in the functional
deficits initially produced by injuries to the left and right
hemispheres. In addition, the respective rates of recovery after
the CVA were examined with careful control of the local and
magnitude of the injuries for the dominant side of the body
in a sample that included patients with both dysphasia and
hemineglect. Only individuals who suffered an obstruction
of the main stem of the middle cerebral artery (MCA) were
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included in the study, as such an obstruction is the most com-
mon cause of CVAs. All individuals underwent assessments of
sensory functions, muscle tone, muscle strength, postural con-
trol, gait, functional independence and spatial attention over
the first three moths after injury.

Because the left hemisphere plays a lager role in motor
behavior"*%, it was hypothesized that patients with left hemi-
spheric injuries would demonstrate greater initial deficits and
slower recovery of the motor functions of gait and functional
independence after injury assessed in this study. On the other
hand, because the right hemisphere plays a larger role on spa-
tial orientation'™**” and posture”, it was hypothesized that
patients with right hemispheric injuries would demonstrate
greater deficits and slower recovery rates of the postural and
spatial attention functions after injury.

It is important to emphasize that no studies were found
that compared the rate of recovery of sensory functions,
muscle strength, postural control, functional independence
and spatial attention between individuals with right and left
hemispheric injuries attending Brazilian rehabilitation ser-
vices. The low educational level of most of the individuals
using these services, as well as the socio-cultural differences
regarding care were considered. For example, one must con-
sider institutionalization in developed countries versus home
care and attendance to outpatient services in Brazil, which
could lead to different findings from those described for the
populations in developed countries. Additionally, no stud-
ies that investigated the recovery of all those functions in
the same group of patients were found in the literature. The
Research Ethics Committee of the University Hospital of the
Universidade de Sdo Paulo approved this study.

Methods

Initial screening resulted in the selection of 68 patients di-
agnosed with ischemic CVA in the University Hospital of the
Universidade de Sdo Paulo for possible participation in the
present study. A specialized physician with experience in the
technique and who had no knowledge of the objectives of the
study, analyzed computerized tomography exams of the pa-
tients. Only those cases with similar injury magnitudes which
involved the areas supplied by the MCA, including the motor
area, somatosensory cortex and sensoriomotor association
areas were selected, along with the Broca and Wernicke areas
in the left hemisphere, and the putamen, caudate, globus pal-
lidus, internal capsule and corona radiata.

Eighteen individuals were excluded because they did not
undergo computerized tomography over the first 48 to 72
hours after injury, thus impeding the adequate assessment of

the magnitude of the injury. Twenty-two other individuals were
excluded because the injury magnitude was either consider-
ably smaller or greater than the mean values, or the local of the
injury did not correspond to the inclusion criteria. Three other
patients were excluded because they were left-handed, accord-
ing to their scores on the Edinburgh Questionnaire®. The study
sample was thus comprised of 25 right-handed individuals, of
whom 22 concluded the study. Two individuals discontinued
participation and one died during the study course.

Eleven of the 22 participants were male. All individuals
had been diagnosed with an ischemic CVA involving the
MCA area. All participants reported an absence of auditory
or visual alterations or previous neurological diseases, and
eleven individuals had right hemispheric injuries. Although
all individuals with left hemispheric injuries demonstrated
difficulties in verbal comprehension, they were all able to
understand the instructions given by the examiner during
the assessments.

Functional performance was assessed with the following
scales: the Medical Research Council, which classifies mus-
cular strength into grades that vary from zero to five and is
frequently used in clinical practice; the Postural Assessment
Stroke Scale®, which assesses maintenance and change of
postures from lying on one’s side to single limb stance; the
Functional Ambulation Classification®, which classifies the
amount of assistance needed for ambulation on a scale from
zero to four; and the Barthel Index®, which assesses func-
tional independence during performance of activities of
daily living. The Star Cancellation Test* assesses the ability
to perceive visual stimuli and was also used to assess spatial
attention. Tactile, pain and proprioceptive sensory func-
tions, as well as the tonus of the affected upper extremity,
trunk and affected lower extremity were clinically tested.

All participants and their caregivers received oral instruc-
tions regarding study objectives and signed a consent form.
Assessment sessions started 15 to 30 days after the CVA.
Assessments were performed monthly during three months,
always by the same examiner. Patients underwent the usual
rehabilitation program, according to their specific needs for
Physical, Speech, Occupational, Medical or Psychological
Therapy. Patients who did not adhere to the rehabilitation
program were not included in the study in order to maintain
homogeneity between studied samples.

Data regarding muscle strength, posture, gait, functional
independence and spatial attention were compared with
an ANOVA for repeated measures. In each case the analysis
was performed with the factors “groups” (injury to the right
or left hemispheres) and “sessions” (assessment 1, 2 or 3).
When appropriate, post hoc analyses were performed with
the Newman-Keuls test at a level of significance set to 0.05.
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Results :::.

The mean age was 65.1£3.6 for the group of individuals with
left hemispheric injuries and 56.9+3.3 for individuals with right
hemispheric injury. No significant age differences were found
between groups in the ANOVA. There were no significant dif-
ferences between the groups for sensory function and tonus
and all individuals demonstrated dysesthesia and hypertonia
in the affected side of the body.

Muscular Strength

In general, performance was worse for the upper
extremity than for the lower extremity in all patients.
No significant differences were found between groups
120= 2.70; p= 0.115] and lower
extremity strength [F ,= 3.14; p= 0.091]. A significant
difference between sessions was found for the upper ex-

for the upper extremity [F

tremity [F
[F
ond assessment compared to the first for upper extremity

=17.20; p< 0.001] and lower extremity strength

2.40
= 28.84; p< 0.001]. Performance was better on the sec-

2.40
(p< 0.001) and lower extremity strength (p< 0.001), and
better on the third assessment compared to the second for
upper extremity (p= 0.045) and lower extremity strength
(p< 0.001). No interactions were found between groups
440= 0-10; p= 0.905] and lower
240= 0.05; p=0.956]. These result indi-
cated that the two groups demonstrated the same rate of

and sessions for the upper [F
extremity strength [F

recovery of muscular strength.

Posture

No differences were found between groups for postural
15=283; p= 0.107]. Significant differences
were found between sessions [F,,=71.15; p< 0.001]. Perfor-

alignment tests [F

mance was better on the second assessment compared to the
first (p< 0.001) and better on the third assessment compared
to the second (p< 0.001). There was no interactions between
= 1.40; p= 0.257]. These results in-
dicated that the two groups demonstrated the same rates of

groups and sessions [F,

recovery for postural control.
Gait

The group with left hemispheric injury demonstrated lower
o= 8:88; p= 0.007]. A significant difference
was found between sessions [F, , = 25.23; p< 0.001]. Performance

gait performance [F

was better for the second assessment compared to the first
(p=0.003) and better on the third assessment compared to the
second (p< 0.001). An interaction was found between groups

and sessions [F, =5.09; p=0.011] which indicates that the group

with left hemispheric injuries demonstrated a slower recovery of

240

gait compared to the group with injuries to the right hemisphere
(Figure 1).

Functional Independence

The score of the Barthel Index was significantly differ-
ent between groups [F = 15.48; p< 0.001] and sessions

120

[F,,,= 79.17; p< 0.001]. The group with left hemispheric
injuries demonstrated lower scores, indicating less inde-
pendence in daily activities. Performance was better on the
second assessment compared to the first (p< 0.001) and
better on the third assessment compared to the second
(p< 0.001). There was no interaction between groups and
sessions [F, , = 1.36; p= 0.267], which indicates that the two
groups demonstrated the same rate of recovery of functional

independence (Figure 2).

Spatial Attention

Performance on the star cancellation test did not differ
=0.08; p= 0.776], but a significant differ-
,4=19:22; p< 0.001]. Perfor-
mance was better for the second session compared to the first

between groups [F

120
ence was found between sessions [F

(p< 0.001) and better on the third assessment compared to the
second (p=0.019). There were no interactions between groups
,4=1:90; p= 0.161] which indicates that the two
groups demonstrated the same rate of recovery for spatial

and sessions [F

attention.

Discussion :::.

In the present study, a longitudinal assessment was
performed of sensory functions, muscle tonus, muscle
strength, posture, gait, functional independence and at-
tention in individuals who had suffered an ischemic injury
to the brain area supplied by the right or left MCA with
the magnitude of the injury being carefully controlled. No
other similarly comprehensive studies were found in the
literature in regards to these assessed variables and the
characterizations of the injured areas.

All assessed individuals demonstrated alterations in sen-
sory functions, muscle tonus, posture, gait, functional inde-
pendence, and spatial attention. These findings corroborated
reports from other authors on the occurrence of hemiparesis,
dysesthesia, postural instability, gait deficiencies, functional
dependence and inattention'*'** after CVA. The considerable
degree of initial impairment in all assessed parameters was
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Functional recovery of left stroke group and right stroke group
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Figure 1. Comparisons between left-side (continuous line) and right-side (dotted line) stroke groups. Bars indicate 95% confidence intervals.
The Barthel Index®' was used in this comparison. Patients were assessed monthly. Left stroke group showed lower scores than right stroke group
[F, = 15.48; p<0.001]. There were significant differences between assessments [F, = 79.17; p< 0.001]. Assessment 2 showed better performance
than assessment 1 (p< 0.001). Assessment 3 showed better performance than assessment 2 (p< 0.001). No interactions between groups and

assessment were found [F, = 1.36; p=0.267], indicating that both groups had the same recovery levels.

Gait recovery of left stroke group and right stroke group

Functional Ambulation Classification
\

Al 2 23 @ Left stroke

< Right stroke

Assessments

Figure 2. Comparisons between left-side (continuous line) and right-side (dotted ling) stroke groups. Bars indicate 95% confidence intervals. Functional
Ambulation Classification (FAC)® was used in this comparison. Patients were assessed monthly. The left-side stroke group showed lower scores than
right stroke group [F, = 8.88; p=0.007]. There were significant differences between assessments [F, , = 25.23; p< 0.001]. Assessment 2 showed better
performance than assessment 1 (p< 0.003). Assessment 3 showed better performance than assessment 2 (p< 0.001). There were significant interactions
between group and assessment [F, = 5.09; p< 0.011], indicating that both groups had the same recovery levels.
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probably related to the relatively large injury areas demon-
strated by individuals included in the study sample. Similar re-
sults have been reported for patients with large fronto-parietal
injuries®®.

As expected, all assessed variables demonstrated improve-
ments from the first to the third month after the CVA. This ob-
served functional recovery was related to the reversal of edema
and biochemical alterations in the interstitial area of the in-
jury*, as well as to the neural reorganization resulting from the
demands of daily life and rehabilitation training"**>* %,

The initial severe deficits in upper extremity muscle
strength and the subsequent poor recovery observed over
time may be a consequence of injuries involving the corona
radiata or the posterior limb of the internal capsule’, as well
of the fact that movement control of the upper limb is pre-
dominantly unilateral. The less significant involvement and
the fairly satisfactory recovery observed for the muscles of
the lower extremities were probably related to the bilateral
control of these muscles.

Initial performance and rate of recovery of the sensory
functions, muscle tonus, muscular strength, posture and
spatial attention were not significantly different between
groups with right and left CVAs. Initial gait performance
was more affected and rate of recovery was slower in the
group with left CVA compared to the group with right CVA.
Initial functional independence was more affected in the
group with left hemispheric injuries compared to the group
with those of the right, but the recovery rate did not differ
between the two groups.

The greater gait impairments observed initially for
individuals with left hemispheric injuries contrast with
observations of two other authors'*?!. They observed that
the proportion of patients with right hemispheric injuries
capable of walking on the parallel bars was smaller than
the proportion of patients with left hemispheric injuries.
In these studies, however, individuals were recruited in
outpatient clinics, and as these patients generally demon-
strate less severe sensory and motor deficits, the discrep-
ancy in results may be attributed to the greater severity of
deficits demonstrated by patients in the present study. The
lower rate of recovery of gait in the group with left CVA
also contrasts with reports of lower rates for individuals
with right CVA compared to individuals with left CVA*?*.
Since the magnitude of the injury was not controlled in
other reported studies, it is possible that deficits in ad-
ditional areas may be related to the differences in their
results to the present study.

Regarding functional independence, other studies re-
ported lower initial performance in individuals with left
CVA® ', Granger et al."’ related this finding to the dysphasia

demonstrated by the majority of individuals. It is interesting
to remark that all individuals with left CVA in the present
study demonstrated difficulties in verbal expression. The
absence of any differences in the degree of independence be-
tween individuals with left and right CVA, reported in other

studiesll, 12,19, 21,23

, would possibly be related to the exclusion
of individuals with language alterations, and presumably,
more minor CVA.

The greater impact on gait and functional independence
observed in the group with left CVA would not be related
to the alterations of tonus, sensory functions and muscle
strength, since these variables did not differ between
groups. This finding may be attributed to an asymmetry be-
tween hemispheres®, as this is in accordance with the idea
that the left hemisphere exerts a dominant role in motor
planning and the control of actions involving complex mo-
tor sequences in right-handed individuals*® % **%. Gait and
the majority of activities of daily life depend on elaborate
motor planning and sequencing. The fact that the left hemi-
sphere controls the right upper limb, which is more used in
activities of daily living by right-handed individuals, would
further influence the performance of those individuals, as
assessed by the Barthel Index.

The hypothesis that individuals with CVA affecting
the area of the right MCA would demonstrate poorer per-
formance in tests of postural control and spatial attention
was not confirmed. Although some studies have evidenced
greater postural control impairments after injuries to the
right hemisphere'®?!, there is also evidence of better func-
tional recovery of the posture of the trunk' after such
injuries. Results of the present study demonstrated that
both cerebral hemispheres are of great and comparable
importance to postural control. Additionally, these results
suggested that posture is strongly influenced by spatial at-
tention, and was similarly affected in the two groups.

The absence of asymmetry in the orientation of spatial
attention in the present study is of particular importance. Re-
ports of hemineglect in patients with right cerebral injuries
are very frequent'®'®, although reports of hemineglect after
left injuries can also be found'*. A possible explanation to
this finding would be the fact that individuals with dysphasia
were included in the group of patients with left injuries. Most
studies in the literature exclude these individuals because the
test battery for hemineglect requires verbal responses. The
star cancellation test was used because it is very sensitive to
this kind of deficit, it is the only test that can be applied to
patients with left injuries who are unable to give verbal re-
sponses®** and it does not depend on intact motor control of
the dominant hand, since the stars can also be cancelled with
the non-dominant hand.
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The results of the present study demonstrated that inju-
ries in the MCA area can cause severe alterations of sensory
functions, muscle tonus, muscular strength, postural align-
ment, gait, functional independence and attention. Injuries
in the left MCA area result in greater impairments of gait and
daily life activities compared to similar right-side injuries,
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