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ABSTRACT Stroke is a major cause of disability worldwide. Upper extremity (UE) impairments such
as abnormal muscle tone or abnormal recruitment are extensively seen following the incident. The
changes in the muscle tone, strength and recruitment pattern may lead to altered biomechanical prop-
erties in the UE. Thus, the functions and kinematic features of UE movements may also change. As a
result of these changes, abnormal motor performance of UE may be obversed in patients with stroke.
Therefore, the knowledge about healthy and abnormal biomechanical properties in addition to the
knowledge on differentiated kinematic characteristics after stroke are extremely important in clini-
cal evaluation and decision-making. In this article, we reviewed the current evidences of literature
about the changes in biomechanical, kinematic and functional properties in the UE and related as-
sessment methods after stroke. It was our primary purpose to underline key points during clinical as-
sessment to guide researchers and clinicians. In conclusion, it was seen that none of the outcome
measures in the literature were able to assess the entire aspects of the impairment because of their vari-
able focal points and qualitative or quantitative structure. Therefore, it is suggested by the authors to
include more than one outcome measurement with various aspects in order to evaluate the every
components of UE impairment. Through this way, more accurate planning for rehabilitation ap-
proaches may be achievable.

Keywords: Stroke; kinematics; upper extremity; assessment

OZET inme, diinya capinda 6nemli bir 6ziirliilitk nedenidir. inmeyi takiben, anormal kas tonusu veya
harekete katihim sirasinda ortaya cikan yetersizlikler gibi iist ekstremite (UE) etkilenimleri ile siklikla
karsilagilmaktadir. Kas tonusu, kas kuvveti ve harekete dahil olma paternlerindeki degisiklikler, UE'de
biyomekanik degisikliklere yol acabilir. Bu duruma bagli olarak, UE fonksiyonlar1 ve hareketlerinin
kinematik 6zellikleri de etkilenebilir. Bahsi gecen degisimlerin sonucunda, inmeli hastalarin UE le-
rinde anormal motor performans agiga ¢ikabilir. Bu nedenle, inme sonrasi ortaya ¢ikan farklilagmas ki-
nematik 6zelliklere ek olarak saglikli ve anormal biyomekanik yapilar hakkinda da bilgi sahibi olmak
klinik degerlendirme ve klinik karar vermede olduk¢a 6nemlidir. Bu makalede, UE’ nin biyomekanik,
kinematik ve fonksiyonel 6zelliklerinin degisimi ve bu degisimlere iligkin degerlendirme y6ntemleri
ile ilgili literatiirde yer alan giincel bulgular derledik. Bu derleme ile birincil amacimiz, inme sonras1
klinik degerlendirmenin anahtar noktalarini belirleyerek aragtirmacilara ve klinisyenlere yol goster-
mekti. Sonug olarak, literatiirdeki degerlendirme 6lgeklerinin degisken odak noktalarina ve nitelik-
sel ya da niceliksel yapilara sahip oldugu saptandi. Olgeklerden higbirinin, bu yapilari nedeniyle, UE
etkileniminin tiim yonlerini degerlendirmede yeterli olmadig: tespit edildi. Dolayisiyla, klinik mua-
yenede UE etkileniminin tiim bilegenlerini degerlendirmek amaciyla, cok yénlii birden fazla élgege
yer verilmesi yazarlar tarafindan onerilmektedir. Bu sayede, fizyoterapi ve rehabilitasyon yaklagim-
lar1 i¢in daha dogru bir planlama yapilarak, etkili bir tedavi sunulabilir.

Anahtar Kelimeler: Inme; kinematik; iist ekstremite; degerlendirme

mpaired upper extremity (UE) function is one of the common sequelae
after stroke.' Loss of UE function appears in 80% of the patients in the
acute stage and in 50% in the chronic stage after stroke.>® The impair-
ments of UE include paresis, abnormal muscle tone, loss of fractioned move-
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ment and changes in somatosensorial system.” As a
result of these impairments, alterations in UE bio-
mechanics and kinematic proporties occur. There-
fore, objective assessment of UE with the current
outcome measurements after stroke becomes even
harder. In addition, due to the quantitative nature
of outcome scales, clinicians mainly focus on the
quantity rather than the qualitative characteristics
of movements’ occured in UE.® As a result of this
incomplete assessments, the treatment and/or the
gains from the rehabilitation will eventually be af-
fected. There is now a consensus on the inadequency
of such scales and need for the kinematic analyses.®’
However, it is a well known fact that kinematic/
quantitative assessment of UE is expensive, time con-
suming, experience-dependent and hard to establish
in every clinic. Therefore, our purpose with this re-
view is to provide a deep insight to the clinicians on
the assessment of upper limb impairments by keep-
ing in mind the importance of biomechanical and
functional notice. So that they might have a better
accuracy when evaluating the UE of patients in clin-
ical settings after stroke.

I |. AN OVERVIEW ABOUT THE EVALUATION
OF UPPER LIMB IMPAIRMENTS AFTER
STROKE

The clinical assessment of UE includes observa-
tional assessment, manual assessment, kinematic
assessment, tests and questionnairres.

MANUAL ASSESSMENT

Manual assessment consists of palpation, active and
passive ROM assessment, evaluation of muscle tone
and sensory assessment. These assessment methods
are planned to evaluate common UE problems
(paresis, loss of fractional movement, abnormal
muscle tone and/or changes in somatosensorial sys-
tem) after stroke.”

OBSERVATIONAL ASSESSMENT

At the beginning of the treatment, the functions
that the patient can or cannot perform should be
recorded and an observational movement analysis
should be performed as described in the earlier
paragraphs. The attention must especially be paid
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to postural control, effects on muscles contributing
biomechanical changes in shoulder complex, sen-
sory loss and ability to reach and grasp during the
assessment. The impairments that may cause dys-
function need to be identified in this frame and a
treatment plan should be established.

KINEMATIC ASSESSMENT

Kinematic analysis is a process in which the kine-
matic properties used to describe movement are
measured. Kinematic studies may provide accurate
and objective information about motor strategies
associated with target-related tasks and may mon-
itor the implementation of therapeutic techniques
for UE." Kinematic analysis has increasingly been
used in clinical trials to show post-stroke motor re-
covery or to investigate the effects of various ther-
apeutic interventions since functional and clinical
assessments alone are inadequate to evaluate motor

strategies used during movements.!!?

Many kinematic studies have been conducted
in the laboratory environment in the last 15 years
with the aim of measuring the UE movements used
during daily activities in healthy individuals. Kine-
matic analysis are especially important in the meas-
urement of the spatiotemporal parameters of the
movements.

OUTCOME MEASURES

Outcome measures are highly important in the
clinical assessment of the upper extremity. Some of
the tests require different equipments (stopwatch,
dynamometer, goniometer, etc.) or different ob-
jects to reach, to grasp, to handle or to carry. The
majority of tests are performed in sitting or supine
position."® Santisteban et al. reported that there
were 48 different outcome measures in the assess-
ment of UE after stroke and Fugl-Meyer Test
(FMT) (36%) was the most common measure-
ment.' This is a stroke-specific, performance-based
impairment index which is designed to assess the
movement, coordination and reflex actions of the
shoulder, elbow, forearm, wrist and hand."” The
FMA-UE has excellent inter-rater reliability and
good concurrent validity when compared with
similar tests of arm motor function.'®
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Furthermore, it is reported that outcome
measures were combined in the most of the studies.
For instance; FMT was mostly combined with
Motor Activity Log (MAL), Action Research Arm
Test (ARAT) and WMFT whereas its combination
with Modified Ashworth Scale and Nine Hole Peg
Test was infrequent. From these scales, only MAL
evaluates the amount and quality of affected arm
use in real life situations. It is a self-rating assess-
ment which is scored between 0 and 5. A higher
score indicates better performance. It is a valid and
responsive assessment tool in clinical practice.!”!8
ARAT, WMFT and Nine Hole Peg Test are all per-
formance related measurements and have high re-
liability and validity amoung stroke patients.”
Modified Ashworth Scale measures impairment
level of muscle tone. The elbow flexors are most
easily and commonly assessed in the UE by Modi-
fied Ashworth Scale. Although it has excellent in-
trarater reliability for elbow, its inter rater
reliability is poor."

I |l. UPPER LIMB IMPAIRMENTS AFTER
STROKE: KEY POINTS DURING CLINICAL
ASSESSMENT

A. PARESIS

Paresis might be defined as decreased ability to vo-
litionally activate motor units after central nervous
system injuries such as stroke.””” However, paresis
mostly occurs in the form of a combination of dif-
ferent impairments, which leads to a syndrome.
These impairments involved in paretic syndrome
are weakness, spasticity, loss of fractionated move-
ment and higher-order planning deficit.”” Due to
the impairments referred above, individuals with
paresis have difficulty to execute the simpliest daily
life functions which are highly related to quality of
life.”! A person with paretic syndrome is not able to
efficiently perform movements as simple as reach-
ing, grasping, etc. compared to their peers with in-
tact central nervous system. For instance, when a
stroke patient tries to reach to an object, it might be
clearly seen that they are compensating the move-
ment and excessively including the other parts of
body such as trunk due to the increased spasticity
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and loss of fractioned movement. In some cases,
they even help and support their affected side with
the sound limb. But, if we look at the current out-
come measures, we see that they are mostly assess-
ing the accomplishment rather than the movement
itself.? So, it is important for a clinician to discrim-
inate the achievement and performance in case of
paretic syndrome. Besides, the assessment of the
muscle tone with scales such as Modified Ashworth
Scale or Modified Tardeu Scale needs to be in-
volved in the examination.

B. ABNORMAL MUSCLE SYNERGY

The generally accepted definition of muscle syn-
ergy is simply “a stable pattern of spatiotemporal
movement between the muscles involved in the
performance of an action”.”” On the other hand, a
pathological pattern of muscle co-activation after
impairments in the motor systems is defined as ab-
normal muscle synergy.”® Two complementary
mechanisms may explain the synergies occured
after stroke:

The disruption of healthy synergism by lesion
and development of new synergy by cortical re-or-
ganization

The unmasking and up-regulation of alterna-
tive descending paths.?

The synergy patterns occurred in the upper
extremity after stroke are flexor and extensor syn-
ergies. Usually, flexor synergy is observed and in
this pattern, shoulder is placed in retraction, exter-
nal rotation and 90° abduction, the elbow is in flex-
ion and the forearm is placed in full supination. On
the other hand, shoulder protraction, internal ro-
tation and adduction, full elbow extension and full
forearm pronation are observed in the extensor
synergy.”*

In studies investigating the changes in upper
limb synergies in chronic stroke patients, it is re-
ported that elbow-associated synergies were the
same in healthy participants and in stroke patients
regardless of impairment level.”?* However, shoul-
der-associated synergies were different in stroke
patients. Stroke patients showed the activation of
anterior deltoid muscle together with posterior and
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medial deltoid in abduction/extension synergy as
opposed to healthy individuals and deltoid muscle
activation was increased in stroke patients as level
of impairment was increased. It was also found that
pectoralis major was the mainly activated muscle
in the adduction/flexion synergy. Anterior deltoid
activation was limited in subjects with stroke and
pectoralis major activation was increased as the
level of impairment was increased.

In conclusion, the use of altered muscle syn-
ergies was associated with abnormal motor per-
formance. Yet, there are limited number of
questionnaires which include assessment of syner-
gistic patterns in or along with the examination of
UE performance. To the best of our knowledge,
only the Fugl-Meyer Test- Upper Extremity ex-
plicitly assesses the synergies whereas Arm Motor
Ability Test and Wolf Motor Function Test con-
sider the involvement of synergies in the UE per-
formance.”? In another scale called “Motor
Assessment Scale”, the examiner does not allow the
patient to use synergistic patterns in the activities
and evaluates the performance of functional tasks.*
In addition to these outcome scales, electro-myog-
raphy (EMG) analyses and kinematic measure-
ments are also used for the investigation of
abnormal synergies in stroke survivors. Despite the
high reliability of these methods, they are not
available in every clinical setting. Therefore, clini-
cians must discriminate the use of abnormal syn-
ergies from the actual performance by choosing the
right measurement scales and observing the action
performed.

C.LOSS OF SOMATOSENSATION

What we know from the prevalence studies inves-
tigating the somatosensor deficits after stroke is
that around half of the stroke patients are suffering
from the loss of somatosensation causing to dis-
comfort and functional impairment.®'* Besides, it
is a very well-known fact that an intact so-
matosensation is required for motor control and
motor recovery.***** However, somatosensation is
usually neglected in the clinical assessment by the
clinicians. Furthermore there are limited numbers
of outcome measures which evaluate somatosenso-
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rial function of stroke patients. Revised Notting-
ham Sensation Assessment and Fugl-Meyer As-
sessment Sensory Subscale are two easy scoring
outcome measures that allow detailed sensory eval-
uation. The only disadvantage of the scales is the
length of the completion time but it will be useful
to reveal the sensory loss of the stroke patients.

I I1l. BIOMECHANICAL AND KINEMATIC
ALTERATIONS OF THE UPPER LIMB
AFTER STROKE: KEY POINTS DURING
CLINICAL ASSESSMENT

TRUNK

Unlike extremities, the muscles in the trunk are af-
fected multidirectionally and bilaterally after
stroke. Electromyography studies searching antic-
ipatory postural adjustments of axial-lateral and
posterior-anterior trunk mucles during UE and
lower extremity flexion reported severe impair-
ments in the activity of trunk muscles. These im-
pairments are characterized as reduced activity of
lateral muscles, reduced synchronized activation of
pertinent muscles and delayed onset.*® Dickstein,
Shefi, Marcovitz and Villa have shown a reduction
in the activity of latissimus dorsi, rectus abdomi-
nus and external oblique muscles of the impaired
side.”” This reduced activity has been especially be-
tween ipsilateral lateral trunk muscles, i.e. latis-
simus dorsi and external oblique muscles. In
addition, reduced activity of bilateral erector spinae
muscles compared to healthy subjects and signifi-
cant difference between impaired and non-im-
paired side have been demonstrated.

In early isokinetic studies, it is reported that
the strength of trunk extensor, flexor and rotator
muscles in stroke patients were weaker compared
to healthy subjects. Additionally, peak torks of
flexor and extensor muscles were lower, but there
was no difference in the performance of rotator
muscles.*®* In the current literature, the opinion
of less trunk muscle performance compared to
healthy peers still stand, however, it is particularly
investigated in relation with gait performance.**
In a recent meta-analysis investigating the trunk
and upper extremity kinematics during reaching to
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a target, it is stated that stroke patients showed a
greater trunk displacement and trunk contribution
during reaching.” The reason for the increased
flexion (i.e.contribution) of trunk may be the com-
pensation of reduced elbow extension during the
reaching activity of impaired UE.* Similarly to the
early findings, trunk rotation kinematics were sim-
ilar to healthy subjects.*

De Baets, Van Deun, Monari and Jaspers stud-
ied scapular and trunk kinematics during shoulder
flexion in stroke subjects and found that healthy
subjects showed ipsilateral lateral flexion and con-
tralateral axial rotation in the trunk at the begin-
ning of the movement whereas contralateral lateral
flexion and ipsilateral axial rotation was seen in the
subjects with stroke.® In another study, Johansson,
Grip, Levin and Héger investigated kinematic pa-
rameters of Finger-to-Nose Test (FNT) and re-
ported that total movement time, pointing time,
time to peak speed, scapular and trunk movements
were increased whereas accuracy and peak speed
were decreased in stroke subjects compared to con-
trol subjects.*

As described above, trunk muscles are im-
paired after stroke affecting the UE performance.
Thus, the assessment of trunk muscles with either
a questionnaire or different analysis methods
should be included in the examination. There are
several scales for the assessment of trunk perform-
ance in the literature such as Trunk Impairment
Scale, the Trunk Control Test, the Postural Assess-
ment Scale for Stroke, the Ottowa Sitting Scale.”
It is worthy of note that The Trunk Impairment
Scale by Fujiwara et al. is the most used, valid and
reliable standardized scale in patients with stroke.*

SCAPULA

Trunk deviates toward the impaired side in the
flaccid stage and therefore, scapula descend from
its normal horizontal level. This is called as “scapu-
lar depression”.* Since trapezius and serratus an-
terior muscles are flaccid, scapular downward
rotation is also seen in addition to scapular depres-
sion.”*>> Humeral head moves towards the inferior
as a result of contributing factors such as decreased
tone in the rotator cuff, upper trapezius and serra-
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tus anterior muscles, downward rotation posture of
the scapula and the gravity. This may lead to gleno-
humeral joint subluxation.*” However, it is impor-
tant to underline the findings of a study by Price
et al. which show that the scapular resting position
(such as scapular downward rotation) may not re-
sponsible for the glenohumeral subluxation.’!

Pectoralis major and minor, rhomboids, leva-
tor scapulae and latissimus dorsi muscles become
hypertonic with the initiation of spastic stage and
scapula is pulled towards downward rotation.*">
As the muscle groups affected by the spasticity be-
come more dominant, muscular imbalance may
change and this creates a posture called “spastic
muscle pattern”. Scapular depression and retraction
occur due to dominant flexor tone of upper ex-
tremity.>*

At the level of glenohumeral complex, motor
impairments such as muscle weakness, increased
muscle tone, pathological muscle synergies and al-
tered temporal muscle activity may inhibit scapu-
lohumeral control. This results in the adaptation of
scapular position and movement according to the
humeral position.>>>’

The scapular changes that occur in normal or
dynamic states are called “scapular dyskinesia”.*®
Scapular dyskinesia is a general term to define loss
of scapular control and movement.>® The reduction
in scapulohumeral control creates a difficulty dur-
ing movements of extremities of the impaired side
and the risk of hemiplegic shoulder pain may in-
crease.””® De Baets, Jaspers, Janssen and Van Deun
reported that the shoulder pain in stroke patients
originated from abnormal recruitment of infra-
spinatus, serratus anterior and inferior trapezius
muscles during humeral movement.> This abnor-
mal recruitment was also reported in subjects with
shoulder impingement syndrome in the litera-
ture.®®> De Baets et al. found that stroke subjects
showed lesser posterior scapular tilt during the el-
evation phase of 90° shoulder flexion and grater
scapular lateral rotation during the lowering phase
of 90° shoulder flexion than the healthy control
group.” In the EMG analysis, earlier lower trapez-
ius and late infraspinatus offset in addition to late
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onset and earlier offset in the serratus anterior mus-
cle were found in stroke patients during the 45°
shoulder flexion. Along with these results, it is also
found that onset of upper trapezius, anterior del-
toid and infraspinatus muscles were earlier than
onset of lower trapezius and serratus anterior mus-
cles. However, offset of lower trapezius and serra-
tus anterior muscles were earlier than offset of the
upper trapezius, anterior deltoid and infraspinatus
muscles.

Similarly, Lixandrao et al. studied scapular
kinematics in scapular and self-selected plans dur-
ing arm elevation and lowering and during hair
combing.®® As a result, the authors found increased
scapular internal rotation of impaired and non-im-
paired side extremities in stroke subjects during
arm lowering in scapular plane and during arm el-
evation and lowering in self-selected plans in ad-
dition to increased scapular internal rotation seen
in the stroke subjects during hair combing. In-
creased scapular anterior tilt of impaired side was
observed in stroke subjects during elevation phase
of hair combing, and during the arm elevation and
lowering in the scapular and self-selected plans.
Similar results were found in the non-impaired side
and increased anterior tilt of scapula was observed
during arm elevation and depression in the self-se-
lected plans. There was no difference in scapular
upward rotation among neither arms. Additionally,
a current study showed that the acromial displace-
ment during FNT was significantly different be-
tween mild and moderate stroke patients.*

Numerous assessment methods are used for
the measurement of the degree of scapular dyski-
nesis, subjectively by visual evaluation and objec-
tively by either a 3-dimensional electromagnetic
device or 2-dimensional clinically applicable meth-
Ods‘64767

visual observation and inclinometric methods are

However, a recent review suggested that

also applicable since the 3-dimensional devices are
rarely available in the clinics.®” In addition to this
recommendation, we would like to underline the
fact that the most-known and applied visual as-
sessment method is Scapular Dyskinesis Test which
may be easily applied by clinicians.®*®
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SHOULDER

As the flaccidity leaves its place to the spasticity
after stroke, humeral internal rotation starts in re-
sponse to increased activity of subscapularis and
pectoralis muscles. Other internal rotator muscles
of glenohumeral joint such as teres major and latis-
simus dorsi also contribute to the deformity. Ad-
duction is another component of shoulder tightness
in stroke patients and is a consequence of increased
activity of teres major and latissimus dorsi mus-
cles.”” The most frequent problem in the shoulder
assessment is the co-existence of flexion, internal
rotation and adduction pattern due to hyperactiv-
ity in the pectoralis major muscle. One should be
aware of that if the shoulder extension is accompa-
nied by adduction and internal rotation, it may be
the result of latissimus dorsi muscle contributing
the deformity.*

It has also been reported that glenoid cavity
was placed in a more downward rotation due to
scapular depression and rotation that occured as a
result of decreased muscle tone seen in flaccid
stage.*7%”! Besides, they found that the downward
rotation of glenoid cavity may harm to the “locking
mechanism” normally provided by upper tilt of gle-
noid cavity and thus it may cause glenohumeral
subluxation.

While these disorders and biomechanical
changes should be evaluated together, it is easy to
see that the structured scales remain in one di-
mension. For instance; the upper extremity sub-
scale of Fugl-Meyer Assessment evaluates the
severity of UE synergies whereas the WFMT
merely examine the disorder in the shoulder. On
the other hand, MESUPES, which is less mentioned
in the literature, provides information particularly
about the quality of the proximal movement in the
upper extremity. However, the evaluation of all of
these dimensions should be performed in one set-
ting, i.e. together. In this way, it may become
clearer which of the rehabilitation applications
should be given priority.

ELBOW, FOREARM AND WRIST

Post-stroke spasticity results an alteration in the
movement patterns such as decreased muscle ex-
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tensibility and decreased cortical involvement re-
quired to achieve upper extremity functions. The
patterns, which are called “compensatory move-
ment strategies”, consist of flexor synergy (shoulder
flexion, shoulder abduction, elbow flexion, forearm
supination) and extension synergy (shoulder ex-
tensor, shoulder adduction, elbow extension, fore-
arm pronation).”” Brachialis is the strongest flexor
in the elbow and elbow flexion is accompanied by
the pronation of forearm in resting. However, it is
necessary to observe which position the forearm is
located to find out which muscle is more affected
by the tone increase in the elbow.

The posture of the forearm (supination, neu-
tral or pronation) should be observed to determine
muscles contributing the flexion deformity in the
elbow. The depression of the humeral head fol-
lowing the elbow flexion is associated with hyper-
active biceps brachii muscle and in this case,
forearm is positioned in supination by prominent
biceps tone. Full flexion and extension movements
may be used for determination of pronator tight-
ness.

The pronation that occurs when the elbow is
in full flexion shows the hyperactivity of the
pronator quadratus muscle whereas the pronation
that occurs when the elbow is in full extension in-
dicates the overactivity of the pronator teres mus-
cle.”

The flexor muscles of the wrist (flexor carpi ra-
dialis and ulnaris muscles) contributes the wrist flex-
ion deformity after stroke. Radial or ulnar deviation
seen in the elbow is associated with flexor carpi ra-
dialis or ulnaris, respectively. The postures of the
hand and fingers occur in a similar manner. Middle
or distal phalanx of the fingers (in some cases both of
the phalanxes) are placed in a flexion posture by ei-
ther flexor digitorum superficialis or flexor digito-
rum profundus muscles, respectively.®

In studies analyzing the upper extremity func-
tion focusing on the elbow and forearm region after
stroke, more kinematic data related to these regions
are presented. To the best of our knowledge, most
studied function in the literature is reaching activ-
ity. Studies have shown that trunk flexion and
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shoulder abduction are more performed to com-
pensate the reduced elbow extension during the
extension of the impaired limb to reach a target.”
Whereas greater shoulder abduction and wrist ex-
tension are involved during the bringing the cup
grasped with impaired hand to the mouth, lesser
shoulder flexion and forearm pronation are oc-
cured.”

In a study by Lee et al. it was stated that there
was no significant difference in total movement
time and reaction time between control and mild
stroke subjects during the door handling task, how-
ever total movement units (pronation+supination)
and time of the supination phase were increased
and peak velocity in the supination was decreased
in stroke subjects.”> When the authors compared
the control subjects and moderate stroke subjects,
they found a significant difference in reaction time,
peak velocity (pronation+supination), total move-
ment time and total movement units (pronation+
supination). In addition to these findings, authors
reported that there was significant difference in re-
action time, total movement time and total move-
ment units between mild stroke subjects and
moderate stroke subjects.

I CONCLUSION

The altered UE biomechanics and kinematics asso-
ciated with the impairments after stroke may cause
several difficulties during the assessment proce-
dure. Besides, considering the result-oriented
structures of the measurements, it is hard for a cli-
nician to assess UE qualitatively and examine the
true performance. This leads to lack of under-
standing about the situation of UE for the clini-
cians. However, in this paper, the key points of
assessments related to these alterations were high-
lighted and numerous evaluation techniques were
mentioned. In the light of current literature, it was
seen that there is no outcome measure that assess
the whole aspects of the impairment. We suggest
to include more than one outcome measurements
which is related to the activity limitation to be able
to examine all the above-mentioned impairments
and alterations at once. In this way, a more accu-
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rate planning on the rehabilitation interventions
may be possible.
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