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Abstract—The purpose of this study was using an accelerometer to access the kinematics of reach-to-grasp
movements in subjects with hemiparesis. Eight subjects (59.4 ± 6.9 years old) with chronic hemiparesis (50.9 ± 25.8
months post-stroke) participated in this study. Kinematic assessment was performed using a triaxial accelerometer
(EMG Systems, Brazil) attached to the subjects' forearm. Ten reach-to-grasp movements of grabbing a 500ml-size
bottle were performed by the subjects with the paretic and the non-paretic upper limbs (ULs). The following space-
temporal variables were calculated and used to compare the paretic and non-paretic ULs: movement time (MT),
time to reach the peak velocity, absolute and relative (TPV and TPV%MT), relative deceleration duration (DEC%MT),
time to peak acceleration (TPA) and peak hand acceleration (PA). Movements were slower in the paretic UL with
increased MT, TPA and DEC. The accelerometer allowed to identify of changes in reaching-to-grasp movements of
subjects with hemiparesis. When complex systems are not available, accelerometers can be an alternative to
measure UL movements.
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Resumo—“Usando um acelerômetro para analisar o movimento de alcance e e preensão após o AVE.” O objetivo
deste estudo foi usar um acelerometro para avaliar a cinemática do movimento de alcance e preensão de indivíduos
com hemiparesia. Participaram deste estudo oito indivíduos (59,4 ± 6,9 anos) com hemiparesia crônica (50,9 ± 25,8
meses pós-AVE). A avaliação cinemática foi realizada através de acelerômetro triaxial (EMG Systems do Brasil)
fixado no antebraço. Os indivíduos realizaram 10 movimentos de alcançar uma garrafa de 500 ml pelo membro
superior (MS) parético e não parético. As seguintes variáveis espaço-temporais foram calculadas e utilizadas para
comparar o MS parético e não parético: tempo de movimento (TM), tempo para alcançar o pico de velocidade,
absoluto e relativo (TPV e TPV%TM), duração relativa da desaceleração(DEC%TM), tempo para alcançar o pico de
aceleração (TPA) e pico de aceleração da mão (PA). Os movimentos foram mais lentos no MS parético com maiores
TM, TPA e DEC. A utilização do acelerômetro permitiu identificar alterações no movimento de alcance em indivíduos
com hemiparesia. Quando sistemas mais compexos não são disponiveis, acelerometros podem ser uma alternativa
para medir o movimento do MS.

Palavras-chaves: cinemática, movimento, membro superior, hemiparesia

Resumen—“El uso de un acelerómetro para analizar un movimiento de alcance i e preensão después del accidente
cerebrovascular.” El objetivo de este estudio fue analizar por acelerometría, la cinemática del  movimento de
alcance de los sujetos con hemiparesia. Participaron ocho individuos (59,4 ± 6,9 años) con hemiparesia crónica
(50,9 ± 25,8 meses después del accidente cerebrovascular). La evaluación cinemática se realizó utilizando el
acelerómetro triaxial (EMG Systems, Brasil) fijado en el antebrazo. Los sujetos realizaron10 movimientos  para
alcanzar  una botella de 500 ml por el miembro superior (MS) parético y no parético. Las siguientes variables
espacio-temporales fueron calculadas  para comparar el MS parético y no parético: tiempo de movimiento (TM),
tiempo para alcanzar el pico de velocidad, absoluto y relativo (TPV e TPV%TM),  duración relativa de la
desaceleración (DEC%TM), tiempo para alcanzar el pico de aceleración (TPA) y el pico de  aceleración (PA). Los
movimientos fueron más lentos en el MS parético con mayor TM, TPA y DEC. La utilización del acelerómetro
permitió identificar las alteraciones en el movimiento de alcance en personas con hemiparesia. Cuando complexos
sistemas no son disponibles, acelerómetros poden ser una alternativa para medir el movimiento do MS.

Palabras claves: cinemática, movimiento, miembro superior, hemiparesia
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Introduction

Stroke is a disabling condition that largely affects the
individual’s activities of daily life (ADLs) performance
(Dobkin, 1997). Loss of the arm function is one of the most
incapacitating conditions that affect individuals that suffered
a stroke. Despite a certain degree of post-lesion motor
recovery, many individuals still remain with motor impairment.
The altered upper limb (UL) control and coordination prevent
effective voluntary movements limiting the level of activity
as well as restricting social life  and life quality. (Broeks et
al., 1999; Nichols-Larsen et al., 2005, Faria-Fortini et al. 2012).
Only 5-20% of patients with initial severe impairment of the
UL present fully functional recovery six months post-stroke
(Heller et al., 1987; Sunderland et al., 1989).  Furthermore,
one study showed that one-third of subjects with post-
stroke hemiparesis were unable to move their UL in the first
12 months, and 36% remained in the same condition in two
years (Wade et al., 1983). In two to four years post lesion,
although the fact that partial movement recovery occurs,
50-70% of patients report loss of UL function (Hunter &
Crome, 2002).

Reaching and grasping movements of individuals with
post-stroke hemiparesis are performed in a segmented
manner due to a series of factors, e.g., weak muscles,
abnormal muscle tone, atypical posture adjustment, abnormal
movement synergies, loss of mobility between scapular and
shoulder girdle, disrupted muscle activation time and
deficient inter joint coordination during voluntary
movements (Cirstea & Levin, 2000; Levin et al., 1996). When
the velocity curve of reaching movements was evaluated in
these subjects, it showed decrease in movement velocity,
trajectory linearity and loss of smoothness (Michaelsen et
al., 2001).

Researchers have been for a long time looking for
ecologically valid measurements to address UL performance.
However, most studies that address UL kinematic assessment
of individuals with post-stroke hemiparesis applied data
obtained from three dimensional (3D) analysis systems which
requires an expensive complex system of cameras. In
addition, data processing and analysis are time consuming.
Aside using 3D analysis, some studies analyzed  movements
performed in isolated art iculations, such as elbow
(Mirbagheri et al., 2008 ) or movements without interaction
with objects (Wagner et al., 2007), which may not represent
real-word conditions. In order to evaluate the performance
of individuals with impaired UL function it is necessary to
relate kinematic analyses to tasks performed in ADLs, as UL
movements depends on the purpose of the task as well as
on the form, orientation and  position of the target-object
(Trombly & Wu, 1999). Another approach to carrying out
the kinematic assessment of UL is using accelerometers,
which are a low-cost procedure that enables the detailed
quantitative assessment of the UL movement in different
environments (Subramanian et al., 2010).  This approach not
require complex analysis systems. Furthermore, studies show
that the accelerometer reflects accurately the motor

characteristics of the paretic UL in daily activities (Calautti
et. al., 2005; Green 2007; Niet et.al. 2007; Uswatte et al., 2005;
Uswatte et al., 2006).

Therefore, the objective of this study was to assess the
using of one accelerometer to identify the differences
between movements in paretic versus non-paretic UL when
subjects with hemiparesis reaching to grasp an object.

Method

Subjects

Eight subjects (59.4 ± 6.9 years old) with chronic
hemiparesis (4.2 ± 2.1 years post-stroke) were assessed.
Inclusion criteria was subjects with stroke for at least six
months; the UL recovery above 30/66points according to
the Fugl-Meyer scale; spasticity scored < 2 in modified
Ashworth scale in assessed muscle groups; ability of
performing a simple reach-to-grasp task (reaching for and
grasp a cylindrical object using the whole hand). Subjects
with other associated neurological conditions (such as
Parkinson Disease), orthopedic problems on the arm that
could interfere with reach-to-grasp task, aphasia or difficulty
in understanding the proposed task were excluded. This
relatively small sample of subjects were recruited because
the goal of the study was assess the uti l i ty of the
accelerometer in detect differences between paretic and non-
paretic UL. Participants were recruited from university
extension projects, physiotherapy clinic at Cefid/UDESC and
health centers in Florianópolis. Ethical approval was
obtained by the University Ethics Board (protocol number
44-2010). Written informed consent was obtained from all
participants.

Data collection

Initially, an identification form was filled out with personal
detai ls of the subjects and their anthropometric
measurements. Motor assessment data was obtained from:
1) modified Ashworth scale to verify the degree of spasticity
from 0 to 4, where “0” no increase in muscle tone and “4”
affected part(s) rigid in flexion or extension (Bohannon &
Smith, 1987). The following muscles were tested for spasticity
in the seated position in order to facilitate data collection:
shoulder horizontal adductors, elbow, wrist and fingers
flexors; 2) Fugl-Meyer Scale - UL section, used to measure
post-stroke motor recovery. This section comprised a
cumulative scoring system with 66 points in total. Individual
score varies from 0 (does not perform the movement) to 2
(fully performs). Scores between 50 and 65 points reflect
mild impairment; 30-49 moderate impairment; and values
below 30 points show severe UL impairment (Michaelsen et
al., 2011). The clinical evaluation was carried out by a trained
physiotherapist after the kinematic assessment using the
EMG System triaxial accelerometer (São Jose dos Campos,
Brazil).
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The height of the table was adjusted in such way that
subjects were able to rest their arm comfortably, having
elbows flexed at 90° with the forearm and index finger aligned
with the table’s upper edge. People with hemiparesis tended
to use excessive trunk movement in reach-to-grasp tasks
(Michaelsen et al 2004), however because the goal was assess
“natural” movements, data was collected with the trunk free
(Michaelsen et al 2009).

The triaxial accelerometer  (EMG system-Brazil) used in
this study (0.7 cm height X 2 cm length X 1.6 cm width,
weight approximately 25 grams) was securely taped at the
dorsal face of the forearm, between the styloid process of
the ulna and radius (Figure 1A and 1B). The movement was
to reach for and to grasp a 500 ml bottle (height: 20 cm,
diameter: 6 cm, containing 200 ml of water) using a cylindrical
grasp (Figure 1C and 1D). The bottle was placed at the
midpoint aligned of the subject’s trunk, at a distance (based
on the arm length) where subjects was able to reach and
grasp the bottle with their non-paretic UL without moving

the trunk. The task was performed at a comfortable speed
(“as natural as possible”) and repeated 10 trials, first with
the non-paretic, and then the paretic upper limb. The tasks
was no constrained in accuracy or velocity to better identify
differences related to the motor impairment instead eventual
differences related to the UL dominance.  The average of ten
trials for each UL for each participant was calculated and
used for statistical analysis. Data was collected at 100 Hz.

Data processing and analysis

Data was filtered with a 50 Hz Butterworth low-order filter.
The acceleration curve was used to assess the following
variables: 1) movement time (MT), determined between the
beginning of acceleration and the end of deceleration, until
the curve back to zero; 2) absolute time to peak velocity
(TPV), defined as the time between the start of movement,
i.e., velocity different from zero, and the time of peak velocity
that was identified via the acceleration curve when it crossed

A B

C D

Figure 1. Accelerometer fixation (A); accelerometer (B); analyzed task - reaching and grasping a bottle (C and D): initial position (C) end
position (D).
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the zero line for the first time and the sign of acceleration
changed from posit ive (acceleration) to negative
(deceleration) ; 3) relative time to peak velocity (TPV%MT)
as the percent time when occur the velocity peak in relation
to total movement time; 4) relative deceleration duration
(DEC%MT) determined at the start of acceleration reverse
(the point where acceleration crosses zero for the first time)
up to the end of moment when it returns to zero, shown
relative to the MT; 5) peak acceleration (PA), defined as
maximum value acceleration point after the movement starts;
6) time to peak acceleration (TPA)- time to achieve the
maximum acceleration, i.e., highest point of the curve. These
variables were identified and calculated using Matlab®
software (version 7.12.0.635 (R2011a), Mathwork Inc, Natick,
EUA).

Statistical analysis

Data normality was tested using the Shapiro-Wilk test
and the homogeneity of variance was tested by Levene’s
statistic. Spatial and temporal parameters between paretic
and non-paretic upper limbs were compared by non-paired
Student t Test or Mann-Whitney U-test when indicated. The
effect sizes were calculated to determine the magnitude of
the differences between the means. The differences between
the two mean values are presented in units of their SD,
expressed as Cohen’s d. Effect sizes of 0.2-0.5 are
considered small; of 0.5-0.8, as medium; and above 0.8,
large. The significance level adopted was p<0.05. Data was
analyzed using SPSS® 17.0 Software.

Results

Participants

All subjects had moderate UL impairment, i. e., Fugl-
Meyer-UL between 30 and 49 points (Table 1).

Table 1. Participants characteristics, anthropometric data, measures for
kinematic evaluation and results of clinical evaluation.

Comparison between paretic and non-paretic upper
limbs using the accelerometer

One example of raw data obtained by the accelerometer
for one trial in one participant is showed in Figure 2.
Movements were slower for paretic compared with non-
paretic ULs (p=0.003; Figure 3A). Furthermore, TPA was
lower for paretic than for non-paretic (p=0.01; Figure 3B) UL
and relative deceleration duration was greater for paretic
(70.2±9.2 %) compared with non-paretic UL (60.3±7.8%;
p=0.04). Acceleration peak in paretic and non-paretic ULs
were respectively 0.45±0.44 and 0.71±0.72 m/s2, without
significant differences between sides.

Relative time to peak velocity for paretic compared with
non-paretic UL occured respectively at 29.8±9.2 % and
39.7±7.8 % of movement duration.

Discussion

Findings show that it is possible to analyze some of the
relevant components of the kinematics of reaching
movements by using one accelerometer placed on the
subject’s wrist. While data collection with video cameras

  

 

A 

 

B 

 

Figure 2. Example of a raw data obtained by the accelerometer for
one trial in one participant showing acceleration traces of reach-to-
grasp for A: non-paretic (NP) and B: paretic (P) upper limb (UL).

 Mean/standard deviation 
Sex (M/F) 4M/4F 
Type of stroke (I/H) 6I/1H 
Paretic side (R/L) 1R/7L 
Dominant side (R/L) 8R/0L 
Arm lenght (cm) 45.4 (3.1) 
Distance to object (cm) 20,6 (3,4) 
Table height (cm) 70.4 (2.4) 
Ahsworth modified scale  
shoulder 1.0 (0.5) 
elbow 1.6 (0.4) 
wrist 1.4 (0.2) 
FMS-UL 39 (7.6) 
M=male; F=female; I=isquemic; H=hemorrhagic; R=rigth; L= left; 
FMS=Fugl-Meyer Scale; UL=upper limb. 
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can be blocked by any obstacle between the camera and the
markers, the use of accelerometer is not. Therefore, this
instrument can be used in different environments and the
data processing and analysis can be simplified. The
disadvantage of this procedure is that it is impossible to
assess angular components and compensatory movements;
however, general data on the spatial and temporal
characteristics of reaching-to-grasp movements, i.e.,
movement time and time to peak velocity showed similar
results to those found in literature, where data collection
was carried out with video cameras. For example Michaelsen
et al. (2009) found that relative TPV in paretic UL was 29% of
the MT when subjects reach to grasp an object with similar
characteristics.

Particularly, movement time was prolonged for paretic
compared with non-paretic UL. Findings for reaching
movements, such as pointing (Cirstea et al., 2003) or yet
reach-to-grasp to a cylindrical object show that subjects
with hemiparesis are slower than control subjects
(Michaelsen et al., 2004). Movement time under this study
varied from 1.26 seconds to 3.51 seconds, similar to values
found in a study carried out by Magdalon et al. (2008), where
the analysis was performed using cameras with reflexive
markers in the arm. They observed that movement time to
reach for and grasp a bottle with the paretic UL varied
between 1.12 and 3.91 seconds. Thus, similar findings were
shown in the present study, which suggests that an
accelerometer can be useful to assess reaching movements
of subjects with hemiparesis. Differences between dominant
and non-dominant UL kinematics in healthy individuals are
evidenced only when movements are completed in
constrained conditions with high level of accuracy or faster
speeds (Grosskopf & Kuhtz-Buschbeck, 2006). Furthermore,
without this constraints movement time and peak velocities
have been reported as similar between the dominant and

non-dominant hands in healthy individuals (Tresilian &
Stelmach 1997; Sainburg & Kalakanis, 2000). Thus,
considering that in the present study the movement assessed
did not require great precision and was performed in
comfortable velocity for the subject, we do believe that
dominance did not affect the pattern of the reach movement
of the participants.

Similar as described for time to peak velocity when
compared healthy and stroke subjects, the time to peak
acceleration was longer for paretic compared with non-
paretic UL. Reaching movements performed by healthy
individuals is quickly initiated, direct and smooth, while in
stroke are slower and less smooth (Michaelsen et al., 2009).
Our findings show that the duration of deceleration was
greater for paretic compared with non-paretic UL. The ±10%
difference of the duration of deceleration between paretic
and non-paretic UL was similar to the difference between
paretic UL of subjects with hemiparesis and control subjects
reported by Michaelsen et al. (2009), respectively 71% and
59% of the MT. This increase in the deceleration phase of
reaching tasks shows that subjects with hemiparesis need
more time for feedback adjustments than healthy individuals.
(van Vliet & Sheridan, 2007)

Data shows that the greater MT for paretic UL in people
with hemiparesis may be related to lower peak velocity values
as well as to a longer time required by subjects with
hemiparesis in the deceleration phase. These results are in
agreement with those carried out by Lang et al. (2006) that
showed that stroke patients had deficits in movement peak
velocity as well as longer deceleration phase.

The assessment of reaching movements made by the
accelerometer enabled the identification of changes
commonly found within the reaching movement of subjects
with hemiparesis. The identification of time parameters, e.g.
absolute time for the peak velocity (identified at the

Figure 3. A: Time to reaching movement for paretic (P-UL) and non-paretic upper limb (NP-UL) in subjects with hemiparesis with mild to
moderate severity; B:Time to peak acceleration (TPA) in seconds (s) of reaching movement for paretic (P-UL) and non-paretic upper limb
(NP-UL) in subjects with hemiparesis of mild to moderate severity, * indicates significant difference (p <0.05).
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acceleration curve), and relative time, enabled the
comparison of values found in literature. One limitation
of using the accelerometer is that, to facilitate the analysis
the initial position of the forearm was controlled to be in
neutral supination (i.e similar to the end position when the
bottle was grasped - Figure 1 C and D) in the way that the
movement occurs predominantly in the axis of the analysis.
According to literature, the kinematic assessment of
reaching movements can be performed with a video camera;
however, when it is not convenient to use this system, such
as in a hospital environment, despite some limitations, a
simple accelerometer can provide an alternative means of
identifying relevant parameters to verify the changes caused
by stroke in controlling paretic upper limb movements.
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