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Abstract. – Disability continues to be one of 
the leading reasons individuals affected by stroke 
are left incapable of performing daily activities. 
Due to the staggering number of disabled adults 
suffering post-stroke neurological damage, there 
is a critical need for creating and monitoring ef-
fects of successful, intensive stroke therapies. 
Behavioral assessments are useful tools by which 
to examine the effectiveness of these stroke ther-
apies as they allow for the investigation of multiple 
variables, including task performance time, per-
formance quality, and degree of motor function. 
The purpose of this review is to discuss various 
behavioral assessments commonly administered 
during stroke rehabilitation. Developing a battery 
of standardized behavioral tests would create an 
instrument to assess therapies, and therefore, en-
sure the most successful therapies stay in prac-
tice to help the recovery of individuals suffering 
from impaired dexterity due to stroke.
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Introduction

Human manipulatory skills require some of 
the most complex levels of brain function and in-
teractions, subtended by central representations 
that include widely distributed neural networ-
ks across cortical and subcortical structures. 
Consequently, dexterous behaviors used during 
daily routine and vocation are often impaired to 
varying degrees in patients with brain damage. 
A major goal of rehabilitation research is to de-
termine how neurological problems in specific 
patient groups affect normal mechanisms that 
govern the performance of simple movements. 

Overall, it is the loss of independence due to 
a physical impairment that is the greatest cost to 

stroke survivors and to the community1. Despite in-
tensive rehabilitative efforts, the functional outcome 
of patients with initially severe hemiparesis is very 
poor2. It has been estimated that only 5% of patients 
with complete paralysis regain full arm function3 
and 30-66% of survivors never regain any use of 
the affected arm4,5. Although the loss of skilled arm 
function is related to the location of the stroke6, 
the extent and location of damage are not entirely 
predictive of eventual function7,8. 

Weakness and loss of dexterity account for most 
of the disability experienced following a stroke. Al-
though both are apparent simultaneously, recovery 
of strength does not ensure recovery of dexteri-
ty9. Carefully designed experiments have shown 
that loss of dexterity can occur independently of 
weakness, slowness of muscle activation, excessi-
ve co-contraction, and spasticity9. However, when 
contributions of strength and dexterity to functional 
recovery are compared, strength tends to make a 
greater impact on motor recovery than dexterity9. 

Features commonly associated with impaired 
dexterity in the hemiplegic upper limb include 
the loss of individuated finger movement10, altered 
muscle properties due to contracture11, slowing of 
coordinated movements12, increased sensation of 
heaviness or effort when moving13, and reduced 
command of aimed and ballistic movements14. The-
se features are independent of visuospatial disor-
ders, such as apraxia, agnosia, and neglect, which 
are common following right hemisphere damage15. 
Gradual recovery of dexterity can occur following a 
stroke, although it is often incomplete. Functionally 
beneficial reorganization within the corticospinal 
system can occur provided approximately 20% of 
cortical pyramidal cells are spared16. Damage to 
the posterior limb of the internal capsule, which 
contains the densest projections from the primary 
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motor cortex (M1), is strongly correlated with poor 
motor outcome, emphasizing the importance of the 
integrity of the corticospinal tract for the recovery 
of fine motor functions of the upper limb6. Sensory 
deficits resulting from somatosensory cortex lesions 
are also associated with deficits in fine motor skill17 
and may contribute to the overall motor deficit 
independently, or as a function of, the extensive 
connections between M1 and a number of somato-
sensory areas in the parietal cortex17.

Investigation of Hemiplegic 
Upper Limb Function

Traditionally, assessment of upper limb motor 
function following stroke has relied on qualitative de-
scriptions of muscular control, strength, and overall 
tone18. Over time, a wide range of upper limb asses-
sment scales have been developed to quantify deficits 
in function and to provide a means of documenting 
recovery during rehabilitation. Each of these tests 
has limitations in terms of sensitivity, time required 
for completion, ceiling and floor effects, equipment 
required, and/or consideration given to pre-morbid 
hand preferences. The following assessments are 
organized according to the degree of motor reco-
very evaluated. Third order tests are the most com-
prehensive, evaluating performance time, quality of 
movement, and overall motor performance. Second 
order assessments and first order assessments ap-
praise only two or one of the three aforementioned 
criteria, respectively, but are often combined in order 
to more thoroughly trend functional recovery and 
performance over the course of rehabilitation. The 
following battery of behavioral assessments serves 
as an overview of common tests employed in stroke 
rehabilitation in order to guide assessment selection 
based on a number of factors including elements eva-
luated, time required for task completion, patient po-
pulation limitations, and overall clinical applicability. 

Battery of Behavioral Assessments

Third Order 

Motor assessments evaluating performance
time, movement quality, 
and motor performance

 
TesT ÉvaluanT la performance des membres 
supÉrieurs des personnes ÂgÉes (Tempa)

The Test Évaluant la performance des Mem-
bres supérieurs des Personnes Âgées (TEMPA) is 
an assessment of performance time, motor per-

formance, and quality of movement. The TEMPA 
is composed of four unilateral and five bilateral 
tasks, which represent activities of daily living 
(ADLs). Each task is measured using a 0 to 3 
scale, where 0 denotes successful completion of 
the task and 3 represents an inability to complete 
the task even with assistance. A task analysis 
section of the TEMPA allows the participant to 
quantify the difficulty of the task according to 
several dimensions: strength, range of motion, 
precision of gross movement, and precision of 
fine movement 19. 

The TEMPA is a valuable tool, as it assesses 
three different dimensions of motor function. 
However, the TEMPA was originally designed 
for geriatric individuals and thus does not take 
into account the specific difficulty a stroke sur-
vivor may face while completing the tasks. Most 
tasks of the TEMPA tend to be too difficult for 
subjects who have experienced a moderate or 
even mild stroke 20, limiting its applicability in 
this population. 

Wolf moTor funcTion TesT (WMFT)
Used mostly in investigating effectiveness 

of constraint-induced motor therapy (CIMT), 
the Wolf Motor Function Test (WMFT) is a 
frequently employed tool that quantifies upper 
extremity motor function in individuals recove-
ring from stroke. The WMFT is an assessment 
of performance time and strength of movement 
and is generally composed of 2 strength tasks 
and 15 performance tasks, all arranged in order 
of complexity. The WMFT gives two scores: 
a motor function score and a time score. The 
functional ability for each task is ranked on a 
5-point scale, with a score of 1 representing no 
movement of the participating arm and a score 
of 5 representing normal movement21. Most of 
the tasks are reliable, although there are 3 tasks 
involving precise movement of the elbow that 
have proven to be unreliable20. Unreliable tasks 
can easily be dropped, making for a shorter ove-
rall assessment of less than 30 minutes. Howe-
ver, all 17 tasks can also be employed to create 
a wider range of task assessments. The WMFT 
allows clinicians and researchers to detect slight 
differences in motor function, as the assessment 
is sensitive to subtle variances in motor quality. 
Furthermore, the WMFT is useful in assessing 
both single-joint and coordinated movements, 
movement speed, and requires a very simple 
set-up of items to be run20. Since the measure 
evaluates gradient of proximal to distal fun-
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ction, it can be used to compare abilities across 
individuals with wide-ranging impairments. As 
such, it allows for the study of mildly affected 
patients who show very subtle deficits of finger 
movements/dexterity to those severely affected 
who may only manifest residual function of the 
proximal shoulder and upper arm. 

arm moTor abiliTy TesT 
The Arm Motor Ability Test (AMAT) is yet 

another assessment tool that makes particular 
effort to quantify the ease of completing ADLs. 
Like the WMFT, the AMAT measures limb 
functional ability, quality of movement, and task 
performance time. The aforementioned criteria 
are measured by a set of 17 compound tasks, each 
composed of one to three subtasks. The subtasks 
are completed continuously and consist of both 
unilateral and bilateral movements. Each task 
is divided and rated in two indices: functional 
ability and quality of movement, both rated on a 
0- (no movement) to 5- (normal movement) point 
scale22. Placing a time limit on each task gives the 
AMAT a performance time component as well. 
Although the AMAT takes into account many 
important factors of motor assessment, it fails to 
be as sensitive as the WMFT20. The assessment 
focuses largely on hand-dependent tasks and 
should not be used for subjects who have little 
to no hand control23. Clinical administration of 
the AMAT might also pose a problem due to its 
fairly long run time of ~40 minutes, which may 
fatigue the patient23. 

Second Order 
Motor Assessment Evaluating Motor 
Performance and Performance Time 
Jebsen-Taylor funcTional Hand TesT 

The Jebsen-Taylor Functional Hand Test 
(JTT) is composed of 7 unilateral tasks and 
evaluates patients on the performance of these 
tasks and the time it takes to complete them. 
The assessment lacks the ability to record qua-
lity of movement, an essential attribute when 
determining the efficacy of stroke rehabilitation. 
In addition, Sears and Chung24 found that the 
JTT is not suitable to quantify motor recovery 
in patients affected by any type of hand-related 
motor impairment, limiting its applicability to 
the wide realm of patients with impaired dex-
terity. The Jebsen-Taylor Functional Hand Test 
takes approximately 15 minutes to run and is 
fairly easy to administer, though the equipment 
can be quite bulky24.

Motor Assessments Evaluating 
Movement Quality and Motor Performance 

cHedoke-mcmasTer sTroke assessmenT

 The Chedoke-McMaster Stroke Assessment 
(CMSA) is a two-part test composed of a physical 
impairment segment and a disability inventory. 
The physical impairment segment is a multidi-
mensional test used to rate the physical impair-
ments of a patient’s arm, hand, leg, foot, shoulder 
pain, and postural control. Five of the aforemen-
tioned six dimensions are measured by quanti-
fying motor impairments according to a seven 
point scale relative to the seven stages of motor 
recovery as established by Twitchell and Brunn-
strom25. This excludes shoulder pain, which is 
measured by severity. The scales for each dimen-
sion range from a score of 1 (most impairment) 
to 7 (no impairment), leading to a total possible 
score of 42 (7 points for each dimension)26. This 
test assesses the ability of the patient to produce 
pressure and force against a therapist’s arm, and 
extend, flex, and rotate the limb. Changes in disa-
bility are measured with the disability inventory 
segment of the CMSA. Designed to be used with 
the Uniform Data System for Medical Rehabili-
tation (UDS) and Functional Independence Me-
asure (FIM), the disability inventory consists of 
a gross motor function index (maximum score of 
70) and a walking index (maximum score of 30 
and is scored by conducting a 2-minute walking 
test) yielding a total possible score of 100 overall. 
The Chedoke-McMaster Stroke Assessment is a 
valuable tool that is precise to the stroke popu-
lation and is effective in evaluating the progress 
of an individual’s stroke-recovery. However, the 
limited assessment of hand function combined 
with the 2-part scoring system creates an unne-
cessarily complex assessment27.

fugl-meyer assessmenT – 
upper exTremiTy componenT

Rather than exclusively testing upper limb 
function, the Fugl-Meyer Assessment (FMA) te-
sts impairment of the upper and lower extremi-
ties, balance, and sensation28. It has undergone 
extensive psychometric testing and is sensitive 
to change after intervention18. The 66-point upper 
limb section is commonly used in isolation to 
measure motor recovery. It consists of 33 items 
scored on a 3-point scale and coordination/speed. 
Validity29 and reliability30 have been established 
in multiple studies. Both the Action Research 
Arm Test (ARAT; see below) and the FMA are 
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sensitive to motor changes in chronic stroke5. 
While empirical measures of function and im-
pairment are important in clinical studies, the 
ability of patients to use their affected upper limb 
for daily activities, or real-world use, is a primary 
focus for rehabilitation. An important advantage 
of FMA lies in the acute stage of post-stroke 
rehabilitation, where its relation with ADLs is 
stronger than other tests, such as ARAT. 

First Order
Motor Assessment Evaluating 
Only Performance Time 
nine-Hole peg TesT 

The 9-HPT, also known as the Nine-Hole Peg 
Test, is a timed assessment aimed to evaluate fine 
manual dexterity. The test takes an average of 
about 10 minutes and is conducted in two to three 
trials for each hand, each trial alternating between 
the damaged and normal hand. Within 50 seconds, 
the subject must pick up and place 9 pegs into 9 
separate holes spaced 50 mm apart in a board, 
and reverse the process by removing the pegs31. 
The scoring system of the 9-HPT is based on how 
many pegs are placed into the board per second, a 
significant loss of function being quantified by the 
task taking more than eighteen seconds to comple-
te31. In general, the 9-HPT is easy to administer, 
a good assessment to quantify performance time, 
and clinically applicable. However, this simple task 
does not take into account the performance and 
quality of movement and, therefore, must be used 
in combination with other tasks to comprehensi-
vely diagnose a patient’s stroke recovery. Patients 
with excessive hand impairment who are unable to 
grip the pegs will not be able to participate, limi-
ting the 9-HPT’s applicability in this population. 

box and block TesT 
The Box and Block Test (BBT) is a valuable 

measure of manual dexterity by administering a 
manual task, once for each upper limb. The as-
sessment requires the patient to transport as many 
2.54 cm3 blocks from one section to another within 
1 minute32. The BBT is a useful assessment and is 
comparable to the 9-HTP. However, while the pegs 
in the 9-HPT are all uniformly sized, the blocks in 
the BBT vary in size. A disadvantage of administe-
ring the BBT is that a measure of the responsiveness 
to change is not established and a patient’s perfor-
mance can vary due to various factors such as age 
or experience. Thus, this examination is useful as 
a one-time assessment of motor function but less 
suitable to trend rehabilitation over time32. 

finger Tapping Task

The Finger Tapping Task (FTT) is an evaluation 
tool that is most commonly used for the assessment 
of psychogenic movement disorders but was recent-
ly shown also to be applicable for the motor asses-
sment of Parkinson’s and stroke patients33. With the 
ability to quantify motor impairments, the FTT is 
a time-variable task that scores the patient’s finger 
tapping rate. The FTT is a useful measurement as 
it can be adjusted to the ability of the patient and 
is relatively easy to administer. However, subjects 
can easily manipulate this task by slowing down or 
speeding up the rate of task completion33, thereby 
limiting its evaluative utility34. 

Motor Assessments Evaluating 
Only Motor Performance
frencHay arm TesT 

The Frenchay Arm Test is composed of five 
tasks, each of which is scored on a pass or fail 
basis. The test is designed to evaluate a patient’s 
ability to perform functional tasks involving the 
impaired hand31. Although the Frenchay Arm 
Test is an effective and clinically applicable tool 
to determine motor impairment with a comple-
tion time of approximately 3 minutes, it is still 
missing the ability to rate performance time and 
movement quality 22, 23.

moTriciTy index (upper exTremiTy subscale) 
The Motricity Index is an evaluation tool used 

to assess motor deficits by examining a movement 
at three joints of the upper extremity: pinch grasp, 
elbow flexion, and shoulder abduction. Each mo-
vement is graded on a scale of 0 to 33, leading to 
a maximum total score of 100 after an additional 
point is added for the completion of all three upper 
extremity movements. The Motricity Index is an ea-
sily administered assessment, takes approximately 
5 minutes to complete35, and is clinically applicable. 
However, the Motricity Index does not provide a 
physician or therapist with the necessary tools to 
fully evaluate an impaired arm, as it only tests the 
strength of the movement and not the quality or 
performance time of the task. Moreover, because it 
is based on the Medical Research Council grades 
of muscle strength, the Motricity Index revolves 
around the assumption that participants are able 
to perform isolated movements, movements that 
stroke survivors are typically unable to complete23.

 
acTion researcH arm TesT (ARAT)

The ARAT is based on the Carroll test of 
upper extremity function36 and consists of 19 
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movements grouped into four subtests: grasp, 
grip, pinch and gross arm movement37. Items 
are organized hierarchically and scored on a 
four-point scale, with a maximum total score 
of 57 points. Although not designed specifically 
for stroke patients, its use with this population 
has been validated37, and intra-rater and retest 
reliability have been established5,37. To detect a 
clinically meaningful change, the measurement 
error of the ARAT must be smaller than the 
estimated minimal clinically important differen-
ce in scores, with an increase in a score of 5.7 
points suggesting a clinically relevant change in 
function5. ARAT is noted to be more responsive 
to interventional studies compared to FMA and 
carries higher responsiveness ratios even in the 
chronic stroke patients. 

grip sTrengTH/grip force/grip-lifT Task

Objective measurement of grip ability is sim-
ple to measure and useful for detecting early 
recovery and predicting final functional outcome 
post-stroke31. Consisting of a single task that can 
specifically evaluate grip strength, grip force, 
and the ability to lift something, the highest 
score from three successive trials is indicative 
of functional recovery and recommended for 
reproducible results38. Completion of the grip 
tasks requires muscle strength, muscle control, 
and adequate sensory feedback for accurate per-
formance. Investigation of impairments in mani-
pulative grip force control in stroke patients has 
been undertaken comprehensively by Hermsdor-
fer et al15. Rather than using an apparatus that 
could be gripped and lifted from a surface, they 
developed a lightweight instrumented object that 
was not physically connected to external devices. 
Compared with age-matched healthy subjects, 
chronic cerebral stroke patients with mild to 
moderate paresis used excessive grip force when 
holding and transporting the object despite a re-
duction in maximal grip strength. Although there 
were some delays in responding to force changes 
in a grip perturbation task and decreased speed 
of movement during object transport, the feed 
forward mechanisms required for the cyclic ver-
tical movements were intact, suggesting that anti-
cipatory control was preserved. Significant corre-
lations between the delay in the perturbation task 
and increased grip force and delay in achieving 
peak grip force during object transport led the 
authors to conclude that impaired sensibility and 
sensorimotor processing accounted for force con-
trol deficits in stroke patients15. Improvements in 

the hardware and software required to construct a 
grip-lift apparatus have led to the suggestion that 
grip control may be easily included in clinical 
examination of hand function following cerebral 
lesions15. The examination is brief, non-invasive, 
easy for patients to complete, and overall helpful 
in directing therapeutic intervention15. 

Ashworth Scale
One of the methods that have been proposed 

for measuring muscle spasticity involves manual-
ly moving a limb through the range of motion to 
passively stretch specific muscle groups. Ashwor-
th39 has described a five-point ordinal scale for 
grading the resistance encountered during such 
passive muscle stretching. Ashworth’s scale gra-
des spasticity as follows: 0 = normal muscle tone; 
1 = slight increase in muscle tone, “catch” when 
limb moved; 2 = more marked increase in muscle 
tone, but limb easily flexed; 3 = considerable 
increase in muscle tone; and 4 = limb rigid in 
flexion or extension. As Ashworth’s scale assigns 
grades to a manually determined resistance of 
muscle to passive stretching, it measures spasti-
city as defined herein. 

Barthel Index
The Barthel Index was first published40 in 

1965, and was designed to assess change in 
functional status in rehabilitation patients with 
neurologic or musculoskeletal impairments. The 
Barthel Index assesses 10 ADLs. Eight items are 
related to self-care activities: feeding, transfer 
from chair to bed and back, grooming, toileting, 
bathing, dressing, bowel, and bladder continence. 
Two items pertain to mobility: walking or pro-
pelling a wheelchair, and ascending/descending 
stairs. It is scored on a 3-point weighted scale, 
with the weighted scores summed to give a total 
score from 0 (total dependence) to 100 (total in-
dependence).

Motor Activity Log
The Motor Activity Log (MAL) was develo-

ped to measure improvement in motor activity41. 
Most researchers investigating the effect of CIMT 
use additional outcome measures other than the 
MAL, such as the aforementioned Wolf Motor 
Function Test, the Arm Motor Activity Test, the 
Fugl-Meyer Assessment scale, or the Action Re-
search Arm test, which are all performance me-
asures. The MAL consists of a semi-structured 
interview for the patient to assess the use of the 
paretic arm and hand during activities of daily 
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living. Two scores are given for each activity, 1 
for the amount of use (AOU) and 1 for the qua-
lity of movement (QOM) of the paretic arm. The 
questions concern activities performed during 
the past week or, occasionally, the past year41. 
After an initial screening question to verify that 
the activity at issue has been performed during 
the time-frame at issue, the patient is asked how 
much the affected arm participated in this acti-
vity. Possible scores range from 0 (never use the 
affected arm for this activity) to 5 (always use the 
affected arm for this activity). To measure QOM, 
the patient is asked how well the affected arm 
helped during this activity. Possible scores range 
from 0 (inability to use the affected arm for this 
activity) to 5 (ability to use the affected arm for 
this activity just as well as before the stroke).

Conclusions 

The astonishing number of disabilities resul-
ting from stroke leaves affected individuals unable 
to function independently. Stroke rehabilitation te-
chniques have been designed to train post-stroke 
patients to use their affected limbs in hopes of re-
gaining partial or full recovery of movement. Early 
stroke rehabilitation is critical for enhancing motor 
recovery, but the optimal time window for specific 
neurorehabilitation has yet to be elucidated. The in-
tensity and duration of the rehabilitation strategy are 
also important factors that influence effectiveness. 
Although the evidence base for stroke rehabilitation 
continues to grow, future studies must be conducted 
to ascertain the optimal time, intensity, and duration 
for specific rehabilitation techniques and to facili-

Table I. Third order assessments evaluating performance time, movement quality, and motor performance.  

Test Évaluant la performance des Membres supérieurs des Personnes Âgées (TEMPA), Wolf Motor Function 
Test (WMFT), Arm Motor Ability Test (AMAT)

  THIRD ORDER ASSESSMENTS

Assessment Tasks Measurements Run Time Reference

TEMPA 4 unilateral  ~44 minutes Desrosiers et al (1995) 
 5 bilateral   Feys et al (2002)
      
WMFT 2 strength Performance time    ~30 minutes Lang et al (2008)
 15 performance Movement quality  Morris et al (2001)
  Motor performance
AMAT 17 compound  ~40 minutes Kopp et al (1997) 
 1-3 subtasks each   Morris et al (2001)
    Chae et al (2002)

Table II. Two classes of second order assessments evaluating two of the three functional motor movement categories: motor 
performance, performance time, movement quality.

Jebsen-Taylor Functional Hand Test (JTT), Chedoke-McMaster Stroke Assessment (CMSA), Fugl-Meyer Assessment – 
Upper Extremity Component (FMA)

  SECOND ORDER ASSESSMENTS

Assessment Tasks Measurements Run Time Reference

JTT 7 unilateral Motor Performance ~15 minutes Sears & Chung (2010)
  Performance Time
   
CMSA Impairment Inventory:   ~60 minutes Brunnstrom (1996) 
 6 subscales   Levin et al (2004)
 Disability Inventory: Movement Quality  Gowland et al (1993)
 2 subscales Motor Performance 

FMA 17 compound  ~40 minutes Kopp et al (1997)
 1-3 subtasks each   Morris et al (2001)  
    Chae et al (2002)
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tate the translation of basic scientific evidence into 
routine clinical practice.

Many stroke therapies are not suited for all 
levels of disability, as some techniques require 
retention of certain hand and wrist movements, 
an ability that is available only to a few patien-
ts with minimal deficits. The subtle inclusion 
and exclusion criteria that accompany partici-
pation in rehabilitation programs requires that 
the correct individuals be chosen so maximum 
benefit can be observed. Furthermore, motor 
improvement must be examined and evaluated 
during the course of a stroke therapy in or-
der to quantitatively and qualitatively describe 
functional recovery and effectively characterize 
improvement over time. The aforementioned 
batteries of behavioral assessments serve as 
both a clinical and experimental tool to evaluate 
motor recovery in post-stroke patients and aid 
in therapy selection and monitoring individuals 
during the rehabilitation process. Each order of 
assessments varies in application and sensitivity 

to change, and provides an approximation of 
certain milestones in functional recovery that 
can be achieved with proper and careful rehabi-
litation techniques. With a comprehensive view 
of the motor recovery process in the human 
brain and use of behavioral assessments, signi-
ficant therapeutic steps can be taken to decrease 
the number of disabilities resulting from stroke 
and increase functional recovery of individuals 
suffering from post-stroke motor impairments. 
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Table III. Two classes of first order assessments evaluating one of the three functional motor movement categories: motor 
performance, performance time, movement quality

Nine-Hole Peg Test (9-HPT), Box and Block Test (BBT), Action Research Arm Test (ARAT)

  FIRST ORDER ASSESSMENTS

Assessment Tasks Measurements Run Time Reference

9-HPT 1 task: 2-3 trials  Performance Time ~10 minutes Sunderland et al (1989)
 per hand  
    
Finger Tapping  1 task  Variable Criswell et al (2010)
 Rate    Heller et al (1987)

BBT 1 task  1 minute Cohen et al (2010)

Frenchay-Arm 5 tasks Motor Performance ~3 minutes Kopp et al (1997)
 Test    Chae et al (2002)

Motricity Index 6 movements  ~5 minutes Collin & Wade (1990)
    Chae et al (2002)

 19 movements:   Carroll (1965)  
ARAT 4 subtests  ~10 minutes Lyle (1981)
    Van der Lee (2001) 
    
    Hermsdorfer et al (2003)
    Hermsdorfer & Mai (1996)Grip Force/ 1 task  Variable Grichting et al (2000)Strength/Lift    Wenzelburger et al (2005)
    Hammer & Lindmark (2003)
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