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Correlations between motor and
sensory functions in upper limb
chronic hemiparetics after stroke

Thais Botossi Scalha', Erica Miyasaki?,
Nubia Maria Freire Vieira Lima®, Guilherme Borges”

ABSTRACT

Objective: Describe the somatosensory function of the affected upper limb of hemiparetic
stroke patients and investigate the correlations between measurements of motor and
sensory functions in tasks with and without visual deprivation. Method: We applied the
Fugl-Meyer Assessment (FMA), Nottingham Sensory Assessment (NSA), and several motor
and sensory tests: Paper manipulation (PM), Motor Sequences (MS), Reaching and grasping
(RG) Tests Functional (TF), Tactile Discrimination (TD), Weight Discrimination (WD) and
Tactile Recognition of Objects (RO). Results: We found moderate correlations between
the FMA motor subscale and the tactile sensation score of the NSA. Additionally, the
FMA sensitivity was correlated with the NSA total; and performance on the WD test items
correlated with the NSA. Conclusion: There was a correlation between the sensory and
motor functions of the upper limb in chronic hemiparetic stroke patients. Additionally, there
was a greater reliance on visual information to compensate for lost sensory-motor skills.
Key words: stroke, paresis, sensation.

Correlages entre fungdo motora e sensorial do membro superior de hemiparéticos
cronicos pés-acidente vascular encefélico

RESUMO

Objetivo: Descrever a fun¢do somatossensorial do membro superior afetado de
hemiparéticos cronicos apds acidente vascular encefalico (AVE) e verificar as correlacdes
entre instrumentos de medida da funcdo motora e sensorial em tarefas com e sem
privacao visual. Método: Aplicados o Protocolo de Desempenho Fisico de Fugl-Meyer
(FMA), Avaliagdo Sensorial de Nottingham (ASN), e os testes de: Manipulacao de
Papel (MP), Sequéncia Motora (SM), Alcance e Preensdo (AP), Testes Funcionais (TF),
Discriminagao Tatil (DT), Discriminacdo de Peso (DP) e Reconhecimento Tétil de Objetos
(RO). Resultados: Foram encontradas correlacdes moderadas entre a FMA motora e itens
da subescala sensaco tatil da ASN; a FMA sensibilidade correlacionou-se a ASN total; e o
teste DP se correlacionou com itens da ANS. Conclusdo: Houve correlacdo entre a funcdo
sensorial e motora do membro superior em pacientes hemiparéticos cronicos pos- AVE;
e maior dependéncia das informacdes visuais para compensar a perda sensério-motora.
Palavras-chave: acidente cerebral vascular, paresia, sensacéo.

Stroke is the leading cause of disability
in adults in Brazil', and the resulting im-
pairment of motor function can lead to
deficits in coordination of movements?,
specific muscle weakness®, abnormal
tone®, postural adjustments and abnormal

synergistic movements®® as well as lack
of mobility between structures escapular
waist’. In addition to motor disability, 50%
to 85% of this population also has somato-
sensory deficits®.

The integrity of the somatosensory
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system is important for motor recovery after stroke’. Pa-
tients with stroke who have sensory and motor impair-
ments have a poorer prognosis than those with motor
deficits alone'®'". The consequences of the somatosensory
deficits include changes in the recognition and manipula-
tion of objects, danger of burns and wounds to the limb,
loss of motor control in the affected limb and difficulty in
controlling the level of hand strength while reaching'>".

The sensory loss and loss of strength of intrinsic hand
muscles are related to the involvement of upper limb
movements in hemiparetics'*". The expected recovery
of manual control is particularly relevant because the re-
habilitation strategy depends on motor recovery and the
chance of developing complications secondary to paresis
or spasticity'®. For example, gripping and pinching ma-
neuvers require the identification of the object’s proper-
ties, including its curvature, size and fragility"’. Tyson et
al.'® showed that it is expected that the severity of deficits
after a stroke correlates with sensory disturbances, but
not necessarily with muscle weakness. The authors men-
tioned the need for further studies to examine the corre-
lation between sensory and motor deficits after stroke.

There are several instruments to quantitatively and
qualitatively profile the deficits in neurological patients
after a stroke. These tests are widely used and assist
health professionals to assess the level of involvement
of sensory-motor functions and functional capabilities.
These scales facilitate the definition of the level of sen-
sorimotor recovery and allow the establishment of ade-
quate therapeutic strategies'’.

Specific functional scales are validated and used in
neurorehabilitation clinics in Brazil, such as the Pro-
tocol of Physical Performance of Fugl-Meyer”™ and Sen-
sory Evaluation of Nottingham®. When used together,
these scales provide an informative projection of the
overall performance of the patient. Recent studies have
evaluated the description of sensory deficits and ana-
lyzed correlations between the scales and the degree of
sensory deficits in people with stroke. However, these
studies have focused on the acute and subacute stages of
recovery'”'®#? There is scant evidence of a relationship
between somatosensory and motor impairment and re-
covery in chronic hemiparesis.

This objective of this study were, first, to describe the
somatosensory function of the affected upper limb of
hemiparetic stroke patients and, second, to verify the cor-
relations between instruments measuring motor func-
tion with those measuring sensory function, performed
in stroke patients with and without visual deprivation.

METHOD
Study design and participants
This was a cross-sectional study. The patients were
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selected according to the following inclusion criteria:
both sexes, aged less than 75 years, only a clinical diag-
nosis of stroke, brain injury time greater than or equal
to 2 years, proprioceptive and/or exteroceptive loss in
the affected wrist, and ability to comprehend simple in-
structions. Patients were excluded if they were diagnosed
with hemineglect (test of the bells*). Assessments of pa-
tients were performed at the Physiotherapy and Occu-
pational Therapy Outpatient Clinic of The Clinics Hos-
pital - UNICAMP. The specific tests have been adapted
by the authors from a previous study by Smania et al.”.
The study was approved by the Ethics Committee of the
Medical Sciences Faculty, UNICAMP (No. 420/2009).

Measurement instruments

Fugl-Meyer Assessment (FMA) - The FMA is an in-
strument validated in Brazil that measures sensory-
motor recovery in stroke patients. The sections related to
upper limb motor function and sensibility were applied.
The motor section score ranges from 0 to 66, and the
score related to exteroceptive and proprioceptive sensi-
tivity ranges from O to 12. The lowest and highest scores
correspond to worse and better function, respectively™.
Patients with scores greater than 50 have mild deficits
and those with scores less than 50 have moderate to
serious deficits”.

Nottingham Sensory Assessment (NSA) - This is an
instrument validated in Brazil*' that evaluates the af-
fected upper limb in the following sensory modalities:
tactile sensation (pressure, light touch, temperature, pin-
prick, tactile location and bilateral simultaneous touch),
conscious proprioception, stereognosis and two-point
discrimination. The objects offered for the stereognosis
test were as follows: coins of R$ 0.01, R$ 0.10 and R$
1.00 (real currency), a ballpoint pen, a pencil, a comb,
a scissors, a sponge, a piece of flannel fabric, a mug and
a cup. Each item of the NSA was graded from 0 (worst
function) to 2 (preserved sensation), except for conscious
proprioception, which was scored from 0 to 3 points
(worst and best function, respectively). The tactile sen-
sation subscale scores ranged from 0 to 24 points and the
proprioception subscale ranged from 0 to 6 points (wrist
and hand affected).

Paper manipulation (PM) - Each patient was re-
quested to crumple a sheet of paper (A4) with the af-
fected hand into a ball. Patients either received a score of
0 if they were not able to perform the activity or a score
of 1 if they were able to perform the activity. The activity
was conducted under two conditions: with visual con-
trol and blindfolded".

Motor Sequences Test (MS) — The MS measures the
patient’s performance in four motor sequences using five
digits, with alternating movements between the first digit
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and the others: [1] I-11, I-I1L, IV, I-V; [2] IV, I-1V, I-II1,
I-1L; [3] [-1T; I-1V; I-110, 1-V; [4] I-100, -1, I-1V, I-V. Each
trial was performed under two conditions: with visual
control and blindfolded. One point was assigned for each
finger movement performed correctly (maximum score
of 4 points)*,

Reaching and grasping (RG) — The patients were re-
quired to reach and hold a metal cylinder placed in front
of them (20 cm). One point was awarded for success-
fully being able to perform the activity. The activity was
conducted under two conditions: with visual control and
blindfolded®.

Functional tests (FT) — The composition of seven
consecutive tasks was requested by the therapist: [1]
closing a zipper; [2] undoing a button; [3] opening and
closing Velcro; [4] using a fork; [5] taking a pencil; [6]
transferring water from a jug into a glass; and [7] wearing
a glove with the aid the affected hand. The tasks were
performed in two stages: first, with visual control and,
second, blindfolded with supervision. One point was
awarded for each task completed. The maximum score
was 7, which was obtained by adding the points together
from all the tasks".

Tactile discrimination (TD) — Two blocks of differing
spatial structure, 10 and 15 cm each, were placed under
the hands of blindfolded patients (one block in each
hand). Tactually, the patient had to explore the surfaces
of the blocks and recognize them (greater or minor).
The patients were allowed two attempts to describe the
shapes. For each correct description, one point was given
(maximum score of two points)?.

Weight discrimination (WD) - Each patient was
asked to lift two objects simultaneously and report
whether or not they had equal weights. We used two
plastic containers weighing 100 g and 500 g. The task
was performed blindfolded, and patients were given one
point for a correct answer'?,

Tactile recognition of objects (RO) — While blind-
folded under supervision, each patient’s tactile recog-
nition of seven familiar objects was tested. The objects
tested were as follows: [1] a comb; [2] a toothbrush; [3]
pencils; [4] a glass; [5] a spoon; [6] a wristwatch; and [7]
real currency. One point was given for each task com-
pleted. The maximum score was 7, which was the sum
of all tasks".

Procedures

The patients underwent testing with the instruments
described above by a physiotherapist trained and familiar
with the scales. The instruments were administered in a
single day in the afternoon, and the patients were offered
rest periods between tasks to avoid fatigue. When the test
required visual deprivation, the patient was blindfolded.
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First, the patients were tested on the FMA motor and
sensory and NSA scales. Then, PM, MS, RG, and FT tests
without visual deprivation were performed. Finally, the
tests in which visual deprivation was necessary were per-
formed: TD, WD, RO, PM, MS, RG and FT. All the pa-
tients signed an informed consent.

Statistical analysis

Data measured as continuous variables were de-
scribed with measures of central tendency and dis-
persion. Data measured as categorical variables were
arranged by frequency. It was not found normal distri-
bution of numerical variables based on the Kolmogorov-
Smirnov test. For the analysis of correlation of the
independent variables, we used Spearman’s test. To cat-
egorize the level of Spearman’s correlation coefficient (r),
we adopted the following scores: r<0.40 corresponded to
poor correlation, r=0.75 corresponded to moderate cor-
relation, and r>0.75 corresponded to high correlation®.
For analysis of the dependent variables, we used the Wil-
coxon test. The level of significance was 5%. The statis-
tical software used was SPSS 15.0 for Windows.

RESULTS

Among 50 patients recruited, 20 were included in the
study based on the inclusion criteria described above.
Table 1 shows the demographic data and scores on the
FMA and NSA and its subscales. Table 2 summarizes
the distribution of scores for the tests performed with
eyes open and closed. Table 3 displays the frequency of
scores for the tactile discrimination test, discrimination
of weights and tactile recognition of objects.

The FMA sensitivity was correlated with total
NSA score (p=0.691, p=0.001). We found correlations
between the FMA subsection concerning exterocep-
tion in the arm with light touch and pressure and the
NSA score (p<0.005). The score on the FMA subsection
corresponding exteroception in the palm moderately
correlated with all items in the tactile sensation subscale
of the NSA (p<0.005), with the exception of tempera-
ture sensation. The score of the FMA section on pro-
prioception (shoulder and elbow) was correlated with
the score of the NSA section on proprioception (r=0.585,
p=0.007). The latter also correlated with the FMA
section on proprioception in the wrist and hand (r=
0.746, p<0.001).

No correlation was found between the FMA motor
score in the wrist and hand and total NSA score. Mod-
erate correlations were found between the FMA motor
subscale score and scores on tactile sensation on the
NSA. Correlations between the FMA motor score and
tactile sensation were as follows: for pressure r=0.586
and p=0.007, for temperature r=0.613 and p=0.004, for
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Table 1. Demographic data and scores of rating scales (n=20).
Variables n or median 1°Q; 3°Q
Sex (F/M) 4/16 -
Age (years) 52.5 35.75;60.5
Time of stroke (years) 5 2,6.75
Affected hemisphere (R/L) 7/13 -
FMA total UL 26 10; 44.50
FMA UL (shoulder and elbow) 16 9.5;19.75
FMA UL (wrist and hand) 4 1.25;13.75
FMA total sensitivity UL 9 4.25;10.75
FMA exteroception arm 2 1;2
FMA exteroception palm 1 0.25;2
FMA proprioception (shoulder and elbow) 4 2,4
FMA proprioception (wrist and thumb) 2 0;3.75
NSA 59 36.25;75.50
Light touch 9 4.50;9
Pressure 9 4.50;12
Sting 10 7.25;12
Temperature 7.5 6;9
Location tactile 8.5 4;11.50
Bilateral simultaneous touch 6.5 4;9
Proprioception 6 3;8
Stereognosis 1.5 0;,11.75
2-point discrimination 1 0; 1
FMA: Fugl-Meyer assessment; UL: upper limb; R: right; L: left; NSA: Nottingham sensory assessment.
Table 2. Frequency of test scores (n=20).
Instruments to measure (score) Eyes open Visual deprivation
Paper manipulation (0/1) 17/3 18/2
Motor Sequences test (0/4) 18/2 20/0
Reaching and grasping (0/1) 13/7 14/6
Functional tests (0/1/2/3/4/5/6/7) 11/3/0/2/1/1/2/0 10/3/3/1/1/2/0/0
Total score 51 34*
*p=0.05 for difference in scores between tests with and without visual deprivation.
touch, bilaterally, r=0.518 and p=0.019, and for proprio- Table 3. Frequency of test scores (n=20).
ception r=0.515 and p=0.02. Instruments to measure (score) Frequency
We found a correlation between several NSA test Tactile discrimination (0/1/2) 13/6/1

items and WD. The correlations were as follows: for
pressure and WD, r=0.627 and p=0.003, for sting and
WD r=0.573 and p=0.08 and for tactile localization and
WD, r=0.582 and p=0.007. Table 4 shows the Spearman
correlation coefficients between FMA motor scores,
NSA scores and other tests performed with and without
eyes open.

DISCUSSION
The patients with chronic hemiparesis showed an im-
pairment of all sensory modalities in the affected upper

Weight discrimination (0/1) 11/9
Tactile recognition of objects (0/1/2/3/4) 13/1/1/3/2

limb and moderate to severe motor impairment. The
scores on instruments specific for exteroceptive and
proprioceptive sensory function correlated with each
other, but no correlation was found between the FMA
motor score for the wrist and hand and NSA scores for
the same joints.
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Table 4. Spearman correlation coefficients (n=20).

Instruments to measure FMA motor NSA total
PM EO r=0.62 r=-0.182
p=0.04 p=0.442
PM visual deprivation r=0.521 r=-0.011
p=0.019 p=0.627
MS EO r=0.521 r=-0.116
p=0.019 p=0.627
MS visual deprivation - -
RG EO r=0.774 r=0.191
p<0.001 p=0.42
RG visual deprivation r=0.635 r=0.237
p=0.003 p=0.315
FTEO r=0.74 r=0.167
p<0.001 p=0.482
FT visual deprivation r=0.678 r=0.187
p=0.003 p=0.43
0 r=0.191 r=0.451
p=0.419 p=0.046
WD r=0.393 r=0.541
p=0.087 p=0.014
RO r=0.075 r=0.597
p=0.752 p=0.005

EO: eyes open; FMA: Full-Meyer assessment; NSA: Nottingham sensory
assessment; PM: paper manipulation; MS: Motor sequences test; RG:
Reaching and Grasping; FT: functional tests; TD: tactile discrimination; WD:
weigh discrimination; RO: tactile recognition of objects.

The sensory and motor functions of the affected
upper limb correlated with the functional tests per-
formed with and without visual deprivation. The patients
had worse performance with visual deprivation.

Kuijk et al.'® evaluated hemiparetics and found that
60% did not exhibit any upper extremity motor recovery
over 26 weeks according to FMA scores. At 6 months
after the stroke, 17% had complete recovery of motor
function in the upper extremity and 23% had partial
motor recovery. At 6 months, 12 patients (34%) devel-
oped some function of the hand as evaluated by the hand
FMA subscore.

Welmer et a
post-stroke and reassessed them after 3 months and 18
months. The authors found moderate to strong corre-
lations between hand function and fine sensory testing
(light touch and positioning of the thumb) in acute and
subacute stroke, but they found only a weak correlation
in patients with chronic hemiparesis. One possible expla-
nation for this finding is that learning how to use vision
as compensatory mechanism for their sensory deficits
may take some time. However, the changes are hardly
conscious proprioception compensated by vision and
tactile deficits.

1.2 evaluated 66 patients at one week
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Tyson et al.'® used the Rivermead Assessment of
Somatosensory Perception (RASP), which includes two
sensory modalities, light touch and proprioception,
and two functional assessments, detection and dis-
crimination of objects. They found a higher deficit in
tactile sensation than with proprioception in hemipa-
retic patients during the acute phase and they found a
correlation between these methods, suggesting that mea-
suring these abilities may serve as a tool to quantify sen-
sory recovery.

We found no correlation between motor function
and the ability to discriminate weights. Blennerhassett
et al."” evaluated fine motor skill (grip) of hemiparetics
and found a weak correlation with the ability to discrim-
inate textured surfaces and no correlation with recogni-
tion of weights with the thumb and forefinger without
the aid of visual cues.

The limitations of this study include the ceiling and
soil effect of functional testing due to the small variation
of scores among patients, and a small sample size.

These results show a correlation between the sen-
sory abilities and motor function of the upper limb with
functional activities in chronic hemiparetic patients after
a stroke. This correlation was especially strong in tasks
with visual deprivation.

Individuals who suffered from a stroke become more
dependent on visual information to compensate for lost
sensory-motor information and used visual cues to re-
organize the sensory information that changed after the
injury. Sensory integration is required to process and or-
ganize sensory information for functional use in daily
activities and occupational duties. Evidence of this was
shown in this article by correlations between the FMA
motor subscale and the tactile sensation subscore of the
NSA (pressure, temperature, touch, proprioception, and
bilateral touch).

The study presents a contribution to the area of neu-
rorehabilitation. However, there is a need for further
investigations, particularly a need to compare various
instruments used for measuring and analyzing sensory-
motor recovery of hemiparetic patients and to determine
their use in the planning and implementation of effective
rehabilitation programs.
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