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Abstract : Background. An intact somatosensory system is important for the recovery of motor
function after stroke. Purpose. This study evaluated the relationship between motor and
somatosensory function outcome measures of the affected upper extremity in hemiparetic
stroke patients, in the sub-acute phase. Method. Fifteen hemiparetic stroke patients in the
subacute phase participated in this study. The Fugl-Meyer Assessment of the Upper Extremity
(FMA-UE) and the Nottingham Sensory Assessment (NSA) scales were used to evaluate both
motor and somatosensory function of the affected upper extremity in stroke patients. Results.
There was strong positive correlation between the sensory domain of the FMA-UE and the
NSA  overall  score  (ρ=-0.884, p= 0.0001) in hemiparetic stroke patients in sub-acute phase.
Also, no significant correlation was found between the FMA-UE and NSA total scores (ρ=-
0.182, p= 0.517). Conclusion.  Both the sensory domain of the FMA-UE and the NAS can be
used to evaluate somatosensory function of the affected upper extremity in stroke patients.
Keywords: stroke, sub-acute phase, upper extremity, somatosensory deficits, Fugl-Meyer
Assessment of the Upper Extremity (FMA-UE), Nottingham Sensory Assessment (NSA).

Introduction

Stroke is a major cause of impairment and functional disability in millions of people worldwide 1, 2, 3, 4, 5

. A stroke, or cerebrovascular accident (CVA), is a rapid loss of brain function due to disturbance of the blood
supply going to the brain6.

Common upper extremity (UE) impairments after stroke include paresis, loss of fractionated
movement, abnormal muscle tone, and/or changes in somatosensory function. These impairments are caused by
direct damage to the primary motor cortex, the primary somatosensory cortex, secondary sensorimotor cortical
areas, subcortical structures, and/or the corticospinal tract7, 8 ,9 ,10.

Motor impairment after stroke is common. Upper extremity weakness post stroke occurs in 70-80% of
patients, and is persistent in 40% of patients11,12. Nearly 20% of these patients regain part of their motor
functions in the subsequent months and 50-60% remain with chronic motor disorder 3,13. This includes balance,
timing and co-ordination, and loss of strength and/or spasticity in the affected limbs3.
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Deficits in sensory abilities, are reported in 11-85% of cases, 14,15 65% of  cases, 16,17 or 85% 17, 18 of
cases. This variability is due to differences in evaluation procedures and the definition of sensory impairment 17,

19.

Presence of an intact somatosensory system is important for motor recovery after stroke 20, 21. Stroke
patients with only motor disturbance have a better prognosis than patients with both sensory and motor
disturbances 20, 22, 23. Somatosensory deficits in the upper extremity results in problems with object recognition
and manipulation, loss of motor control and difficulty in controlling hand function during reaching 20, 24, 25.

Gaining motor control of the affected upper extremity is important to enable patients return to normal
activities of daily living 20, 26. Tyson et al. 27 postulated that the severity of deficits after a stroke correlates with
sensory disturbances, but not necessarily with muscle weakness. A recommendation for further studies to
examine the correlation between sensory and motor deficits after stroke was put in consideration.

Choosing a functional outcome method is important in the design and execution of different clinical
trials, with different purposes 28, 29. Outcome measurements should be valid, reliable, sensitive to change and
feasible to use in the given setting. It should be standardized, with explicit instructions for administration and
scoring 30, 31.

For optimal stroke rehabilitation outcomes and in randomized, clinical trials (RCT), selection of
outcomes measures with psychometric properties based on a conceptual framework of health and disability,
such as the International Classification of Functioning, Disability, and Health is mandatory 29, 32.

One of the most recognized and clinically relevant measures of body function and impairment after
stroke is the Fugl-Meyer Assessment (FMA)29, 33. The Fugl Meyer Assessment has been reported to have
excellent reliability and validity34, 35, 36, 37, 38, 39, 40, 41.

In this study, the Fugl-Meyer Assessment for the Upper Extremity (FMA-UE) was used.  The motor
domain of the FMA-UE has been established for being reliable and valid, as an indicator of motor impairment
severity across different stroke recovery time points29, 42, 43.

In the Fugl-Meyer Assessment for the Upper Extremity, greater motor severity is indicated by lower
FMA-UE motor scores and this correlates with lower functional ability, such as spontaneous upper extremity
use in activities of daily living 29, 44.

A study using motor-evoked potentials and diffusion tensor imaging demonstrated that the FMA-UE
motor score was a reliable clinical measure associated with corticospinal tract integrity and prognosis for motor
impairment recovery after stroke 29, 45 . It is possible to demonstrate that the FMA motor score can be used as a
clinical measure that indicates white matter damage in corticospinal tract fibers29, 43.

The sensory domain of the FMA is rarely used in clinical practice or in clinical trials even though
sensory loss is a predictor of poor functional recovery after stroke29, 46 . It evaluates 30, 33 light touch and position
sense of the thumb, wrist, elbow and glenohumeral joint in the upper extremity. Thus it measures limited
modalities of sensation. Scores of each item are added together to get a total score. One study of psychometric
properties of this scale found it to have low to moderate reliability, validity and responsiveness, thus suggesting
its clinical use in stroke patients was not supported 30, 47. The lack of published procedures might be the cause
for the low intratester and intertester reliability reported for the sensory FMA score29, 48, 49.

Several randomized clinical trials using rehabilitation interventions have used the FMA-UE motor score
either as the primary end,29, 48, 49 or as a stroke severity stratification variable29, 44, 50. However, there are no
published standardized procedures on using the total motor or sensory assessment scores of the UE 29, 39, 51.

The Nottingham Sensory Assessment (NAS) was developed by Lincoln, and included tests of light
touch, pressure, pinprick, and temperature. It also examines tactile localization, bilateral simultaneous touch,
proprioception, two-point discrimination and stereognosis30, 52.

The Nottingham Sensory Assessment was found to have good intra-rater reliability but poor inter-rater
reliability 30, 52 and was considered a lengthy scale. This led to revisions of the NSA, shortening the scale and
producing a hierarchy of items, so that testing can be stopped if no impairment was detected in the distal part of
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the extremity. The inter-rater reliability of the revised NSA was then investigated and found to be acceptable
though not good30, 53. The stereognosis assessment within the NSA has also been investigated and found to
reliable between raters 30,54. The Nottingham Sensory Assessment is therefore a standardized outcome measure,
that can be used clinically, and has acceptable reliability.

This aim of this study was to verify the relationship between outcome measures of motor and sensory
function, in hemiparetic stroke patients.

Subjects and Methods

This study was cross-sectionally designed. Fifteen male and female stroke patients participated in this
study. Patients were recruited from both Ain Shams Teaching Hospital, Out-Patient Stroke Clinic and Kasr Al-
Ainy, Cairo University Hospital, Out-Patient Stroke Clinic. Patients were diagnosed based on a clinical
neurological examination and confirmed by radiological investigations {structural magnetic resonance imaging
(MRI) on the brain}. The magnetic resonance images included the following sequences T1, T2, Flair and DWI.
The patients were selected according to the following inclusion criteria: age ranged from 40-65 years, a clinical
confirmed diagnosis of first ever ischemic stroke causing hemiplegia or hemiparesis, side and site of lesion
were confirmed using magnetic resonance imaging (MRI) sequences, post stroke duration ranged from one - six
months, score on the Folestein Mini-mental state examination (MMSE) ranged from 21-30 55, medically stable,
presence of adequate comprehension of instructions during the evaluation period, absence of any
cardiovascular, pulmonary, or musculoskeletal related problem that interfered with patient management.

Patients were excluded if they had a previous stroke, stroke caused by hemorrhage or traumatic brain
injury, presence of degenerative neuromuscular disease, any neurological conditions or skin disorders that
involved the affected upper extremity, upper extremity sensory deficits attributable to non-stroke pathology
such as diabetes, or peripheral neuropathy, pre-stroke orthopaedic or neurological injury that caused
somatosensory or motor impairment of the affected upper extremity, pain in the affected upper extremity that
interfered with the evaluation procedures, presence of receptive (sensory) or expressive (motor) aphasia,
impaired vision, presence of visuospatial or unilateral spatial neglects, uncontrolled seizure disorder, psychiatric
illness including severe alcohol or drug abuse and depression.

Patient evaluation was performed at Physiocare Clinic for Physical Therapy and Rehabilitation, Nasr
City, Cairo, Egypt. The study was approved by the ethical committee of the Faculty of Physical Therapy- Cairo
University.

Outcome Measures

1- Fugl-Meyer Assessment for the Upper Extremity (FMA-UE) - is a comprehensive performance assessment
of sensation and motor function (reflexes, volitional movement assessment, flexor synergy, extensor
synergy, movement combining synergies, movement out of synergy, normal reflex assessment, wrist
movement, hand movement, and coordination and speed. 33 The motor and sensory domains of the FMA-
UE are scored on a 3-point ordinal scale (0 - 2, were 2 points for complete performance of the item, 1 point
for partial performance of the item, and 0 for no performance of the item). The FMA- UE motor domain is
used to measure voluntary limb movement. It includes (33 items, score range, 0 - 66). The FMA-UE
sensory domain is used to measure limb sensation. Sensation is assessed as absent, impaired, or normal for
exteroception/ light touch (2 items, score range, 0 - 4) and proprioception/ joint position (4 items, score
range, 0-8) for a total sensory FM score of 12 29.

The lowest and highest scores correspond to worse and better function, respectively. Patients with
scores greater than 50 have mild affection of the upper extremity and those with scores less than 50 have
moderate to severe affection 20, 56. Scores of 33 denote moderate impairment of the affected upper extremity.

2- Nottingham Sensory Assessment (NSA). This is an outcome measure that evaluates sensation in the upper
extremity in the following sensory domains: tactile sensation (pressure, light touch, temperature, pinprick,
tactile location and bilateral simultaneous touch), conscious proprioception, stereognosis and two-point
discrimination. The objects used in the stereognosis test are: coins of USD 0.01, USD 0.10 and USD 1.00
(real currency), a ballpoint pen, a pencil, a cup, a glass/ beaker, a comb, a scissors, a sponge, a piece of
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flannel fabric. Each item of the NSA is scored from 0 (absent), 1 (impaired), 2 (normal), except for
conscious proprioception, which is scored from 0 (no appreciation of movement taking place), 1 (patient
indicates on each movement that a movement takes place but movement direction is incorrect, 2 (patient is
able to appreciate and mirror the direction of the test movement taking place each time, but is inaccurate in
its new position), to 3 (accurately mirrors the test movement to within 10°of the new test position) 30, 52.

Procedures

Prior to data collection, the purposes and procedures of this study were fully explained to each patient.
After which, each patient signed a consent form. The evaluation procedure was following a standard protocol.
Outcome measures were administered in a single day in the afternoon, and patients were offered rest periods
between tasks to avoid fatigue. Data collection was done using a neurological sheet specifically designed for
this study. The FMA-UE motor and sensory domains were administered first followed by NSA scales.

Statistical Analysis

All statistical measures were performed using the Statistical Package for Social Science (SPSS) version
20 for windows. As a prerequisite for parametric assumption, data was screened for normality. Normality
assumption was assessed using the tests of normality in addition to assessing for the presence of extreme scores,
and skewness and kurtosis.

Descriptive analysis using histograms with the normal distribution curve showed that the data were not
normally distributed and violates the parametric assumption for the total score of FMA-UE, total score for the
sensory domain of FMA-UE and total score of NAS. All these findings allowed the researchers to conduct a
non-parametric analysis. So, the association between total score of FMA-UE, total score of NAS, sensory
domain of the FMA-UE, and NAS was done using Spearman product-moment correlation coefficient ( r ) in
order to determine if there is any significant relation. The level of significance was (P<0.05).

Results

Fifteen patients with hemiplegia/hemiparesis due to ischemic stroke participated in this study
(demographic data in table 1).

Patients demographic data
Demographic data N=15

Mean age (range) 54.93 (40-65)
Mean time after stroke onset in months (range) 2.167 (1-5)
Gender 8 male/ 7 female

Type of stroke IschemicStroke Characteristics
Side of hemiparesis 7 right/ 8 left

Folestein Mini-mental state examination (MMSE) score (range) 28.067 (21-30)
Upper extremity sub score 85.2 (46-124)

Fugl Meyer score Total sensory score 9.867 (6-12)

Nottingham Sensory Assessment (NAS) 51.333 (20-82)

Positive or negative p / r / strong or weak

As illustrated in figures (1 and 2), correlation between total scores of FMA-UE, total score of NAS,
sensory domain of the FMA-UE, and NAS in patients with ischemic stroke were studied through the spearman
product moment correlation coefficient. It revealed no significant correlation (ρ=-0.182, p= 0.517) between
FMA-UE and NAS total scores.
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On the other hand, there was positive strong correlation (ρ=-0.884, p= 0.0001*) between sensory
domain of the FMA-UE, and total score of NAS, which means that when sensory score of the FMA-UE
increase, the total score of NAS increased.

Figure 1. Scatter plot for the bivariate correlation between FMA-UE and  NAS total scores in stroke
patients
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Figure 2. Scatter plot for the bivariate correlation between sensory domain of the FMA-UE, and total
score of NAS in stroke patients.

Discussion

Hemiparetic stroke patients in the sub-acute phase showed both somatosensory and motor dysfunctions
in the affected upper extremity. Scores on the sensory domain of the FMA-UE and NAS correlated with each
other, but no correlation was found between the total score of FMA-UE and NSA overall scores.

Welmer et al. 57 evaluated 66 patients at one week post-stroke and reassessed them after 3 months and
18 months. The authors found moderate to strong correlations between hand function and fine sensory testing
(light touch and positioning of the thumb) in acute and subacute stroke, but found a weak correlation in patients
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with chronic hemiparesis. One possible explanation for that is that neural plasticity occurring after stroke is
greatest in stroke during the acute and sub-acute stages but decrease in the chronic stage, unless proper
rehabilitation is applied to promote functional reorganization and neural plasticity of the brain58,  59.

Tyson  et  al. 27 used the Rivermead Assessment of Somatosensory Perception (RASP), which includes
two sensory modalities, light touch and proprioception, and two functional assessments, detection and
discrimination of objects. A higher deficit in tactile sensation than proprioception in hemiparetic patients during
the acute phase was found. A correlation between these methods, was also found, suggesting that measuring
these abilities may serve as a tool to quantify sensory recovery.

The results of this study, showed no correlation between motor function of the affected upper extremity
evaluated by FMA-UE and sensory function evaluated by NAS in hemiparetic stroke patients. One explanation
could be the degree of sensory affection in the affected upper extremity wasn’t severe to cause limitation in
motor performance of affected upper extremity. Further investigation is required to determine the degree of
relationship between sensory and motor affection of the affected upper extremity using functional outcome
measures.

Correlation between the sensory domain of the FMA-UE and NAS showed that both scales can be used
as an outcome measure to evaluate somatosensory loss in stroke patients.

However, there is a need for further investigations, particularly 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. The limitations of this study were the small
sample size used.

Conclusion

A standardized method to gather clinical data on sensorimotor impairment after stroke has value both
for clinical practice and research investigations of recovery after stroke. This study shows that FMA-UE
sensorimotor assessment can be used as a functional outcome measurement to evaluate the severity of sensory
and motor impairment after stroke. The FMA-UE can be used in clinical practice or in future investigations in
stroke patients. Nottingham Sensory Assessment (NAS) can also be considered a reliable measurement of
sensation for the affected upper extremity in hemiparetic stroke patients in sub-acute phase.

Funding

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of Interest

The Author(s) declare(s) that there is no conflict of interest.

References

1. Meyer, S., De Bruyn, N., Krumlinde-Sundholm, L., Peeters, A., Feys, H., Thijs, V., Verheyden, G.
(2016). Associations Between Sensorimotor Impairments in the Upper Limb at 1 Week and 6 Months
After Stroke. Journal of Neurologic Physical Therapy, 40 (3), 186-195.

2. Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J., Cushman, M., de Ferranti, S.,
Després, J. P., Fullerton, H. J., Howard, V. J., Huffman, M. D., Judd, S. E., Kissela, B. M., Lackland,
D. T., Lichtman,  J.H., Lisabeth, L. D., Liu, S., Mackey, R.H., Matchar, D. B., McGuire, D. K., Mohler,
E. R. 3rd, Moy, C. S., Muntner, P., Mussolino, M. E., Nasir, K., Neumar, R. W., Nichol, G.,
Palaniappan, L., Pandey, D. K., Reeves, M. J., Rodriguez, C. J., Sorlie, P. D., Stein, J., Towfighi, A.,
Turan, T. N., Virani, S. S., Willey, J. Z., Woo, D., Yeh, R. W., Turner, M. B.; American Heart
Association Statistics Committee and Stroke Statistics Subcommittee. (2015). Heart disease and stroke
statistics--2015 update: a report from the American Heart Association. Circulation, 27, 131(4), e29-322.



Ebtessam Khattab Gad El-Mawla et al /International Journal of PharmTech Research, 2016,9(12): 1024-1032. 1030

3. Nielsen, S. (2011). Development of methods for studying the physiology behind the recovery of
individuals after stroke. (Doctor of Philosophy Dissertation). Retrieved from
http://www.riverpublishers.com/pdf/ebook/RP_978-87-92329-77-6.pdf.

4. Rossini, P. M., Calautti, C., Pauri, F., Baron, J. C. (2003). Post-stroke plastic reorganization in the adult
brain. Lancet Neurology, 2(8), 493-502.

5. Young, J., & Forster, A. (2007) Rehabilitation after stroke. British Medical Journal, 334(7584), 86-90.
6. Sims, N. R., Muyderman, H. (2010). Mitochondria, oxidative metabolism and cell death in stroke.

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 1802(1), 80 - 91.
7. Jette, D. U., Halbert, J., Iverson, C., Miceli, E., Shah, P. (2009). Use of standardized outcome measures

in physical therapist practice: Perceptions and applications. Physical Therapy, 89(2), 125-135.
8. Lang,  C.  E.,  Bland,  M.  D.,  Bailey,  R.  R.,  Schaefer,  S.  Y.,  Birkenmeier,  R.  L.  (2013).  Assessment  of

upper extremity impairment, function, and activity after stroke: foundations for clinical decision
making. Journal of Hand Therapy: official journal of the American Society of Hand Therapist,
26(2):104-114.

9. Potter, K., Fulk, G. D., Salem, Y., Sullivan, J. (2011). Outcome measures in neurological physical
therapy practice: Part i. Making sound decisions. Journal of Neurologic Physical Therapy, 35(2), 57-64.

10. Swinkels, R. A., van Peppen, R. P., Wittink, H., Custers, J. W., Beurskens, A. J. (2011).  Current use
and barriers and facilitators for implementation of standardized measures in physical therapy in the
Netherlands. BMC Musculoskeletal Disorders, 12, 106.

11. Parker,  V.  M.,  Wade,  D.  T.,  Langton  Hewer,  R.  (1986).  Loss  of  arm  function  after  stroke:
measurement, frequency, and recovery. International Rehabilitation Medicine, 8(2), 69-73.

12. Rabadi,  M.,  Galgano,  M.,  Lynch,  D.,  Akerman,  M.,  Lesser,  M.,  Volpe,  B.  (2008).  A  pilot  study  of
activity-based therapy in the arm motor recovery post stroke: a randomized controlled trial. Clinical
Rehabilitation, 22(12), 1071-1082.

13. Hendricks, H. T., van Limbeek, J., Geurts, A. C., Zwarts, M. J. (2002). Motor recovery after stroke: a
systematic review of the literature. Archives of Physical Medicine and Rehabilitation, 83(11), 1629-
1637.

14. Kita, K., Otaka, Y., Takeda, K., Sakata, S., Ushiba, J., Kondo, K., Liu, M., Osu, R. (2013). A pilot
study of sensory feedback by transcutaneous electrical nerve stimulation to improve manipulation
deficit caused by severe sensory loss after stroke. Journal of NeuroEngineering and Rehabilitation;
10(55), 1-16.

15. Yekutiel, M. (2000). Sensory re-education of the hand after stroke. London and Philadelphia: Whurr
Publishers Ltd.

16. Carey,  L.  M.,  Matyas,  T.  A.,  Oke,  L.  E.  (1993).  Sensory  loss  in  stroke  patients:  effective  training  of
tactile and proprioceptive discrimination. Achieves of Physical Medicine and Rehabilitation, 74(6),
602-611.

17. Kita, K., Otaka, Y., Takeda, K., Sakata, S., Ushiba, J., Kondo, K., Liu, M., Osu, R. (2013). A pilot
study of sensory feedback by transcutaneous electrical nerve stimulation to improve manipulation
deficit caused by severe sensory loss after stroke. Journal of NeuroEngineering and Rehabilitation;
10(55), 1-16.

18. Kim, J. S., & Choi-Kwon, S. (1996). Discriminative sensory dysfunction after unilateral stroke. Stroke,
27(4):677–682.

19. Doyle,  S.,  Bennett,  S.,  Fasoli,  S.  E.,  McKenna,  K.  T.  (2010).  Interventions for  sensory impairment  in
the upper limb after stroke. Cochrane Database Systematic Review, 6, CD006331.

20. Scalha, T., B., Miyasaki, E., Lima, Núbia M., F.,  V.,  Borges, G. (2011). Correlations between motor
and sensory functions in upper limb chronic hemiparetics after stroke. Arquivos de Neuro-Psiquiatria,
69(4), 624-629.

21. Staines, W. R., Black, S. E., Graham, S. J., McIlroy, W .E. (2002). Somatosensory gating and recovery
from stroke involving the thalamus. Stroke, 33(11), 2642-2651.

22. Han, L., Law-Gibson, D., Reding, M. (2002). Key neurological impairments influence function-related
group outcomes after stroke. Stroke, 33(7), 1920-1924.

23. Patel, A. T., Duncan, P. W., Lai, S. M., Studenski, S. (2000). The relationship between impairments
and functional outcomes post stroke. Archives of Physical Medicine and Rehabilitation, 81(10), 1357-
1363.

http://www.riverpublishers.com/pdf/ebook/RP_978-87-92329-77-6.pdf


Ebtessam Khattab Gad El-Mawla et al /International Journal of PharmTech Research, 2016,9(12): 1024-1032. 1031

24. Carey, L. M., Matyas, T. A., Oke, L. E. (2002). Evaluation of impaired fingertip texture discrimination
and wrist position sense in patients affected by stroke: comparison of clinical and new quantitative.
Journal of Hand Therapy: official journal of the American Society of Hand Therapists, 15(1), 71-82.

25. Smania, N., Montagnana, B., Faccioli, S., Fiaschi, A., Aglioti, S. M. (2003).  Rehabilitation of somatic
sensation and related deficit of motor control in patients with pure sensory stroke. Archives of Physical
Medicine and Rehabilitation, 84(11), 1692-1702.

26. Van Kuijk, A. A., Pasman, J. W., Hendricks, H. T., Zwarts, M. J., Geurts, A. C. H. (2009). Predicting
hand motor recovery in severe stroke: the role of motor evoked potentials in relation to early clinical
assessment. Neurorehabilitation and Neural Repair, 23(1), 45-51.

27. Tyson, S. F., Hanley, M., Chillala, J., Selley, A. B., Tallis, R. C. (2008). Sensory loss in hospital-
admitted people with stroke: characteristics, associated factors, and relationship with function.
Neurorehabilitation and Neural Repair, 22(2), 166-172.

28. Barak, S., & Duncan, P. W. (2006).  Issues in selecting outcome measures to assess functional recovery
after stroke. Neuro Rx: the journal of the American Society for Experimental Neuro Therapeutics, 3(4),
505-524.

29. Sullivan, K. J., Tilson, J. K., Cen, S. Y., Rose, D. K., Hershberg, J., Correa, A., Gallichio, J., McLeod,
M.,  Moore,  C.,  Wu,  S.  S.,  Duncan,  P.  W.  (2011).   Fugl-Meyer  assessment  of  sensorimotor  function
after stroke: standardized training procedure for clinical practice and clinical trials. Stroke, 42(2), 427-
32.

30. Connell, L. A. (2007). Sensory Impairment and Recovery after Stroke. (Doctor of Philosophy
Dissertation). Retrieved from  http://eprints.nottingham.ac.uk/10247/1/PHD_final.pdf.

31. Mcdowell,  I.  & Newell,  C.  (1996).  Measuring Health -  a  Guide to Rating Scales  and Questionnaires,
Oxford, United Kingdom: Oxford University Press.

32. “International Classification of Functioning, Disability and Health: ICF”. (2001). Geneva, Switzerland:
World Health Organization. Retrieved from http://www.who.int/classifications/icf/en/

33. Fugl-Meyer, A. R., Jaasko, L., Leyman, I., Olsson, S., Steglind, S. (1975). The post stroke hemiplegic
patient. 1. A method for evaluation of physical performance. Scandinavian Journal of Rehabilitation
Medicine, 7(1), 13-31.

34. Bernspang, B., Asplund, K., Eriksson, S., Fugl-Meyer, A. R. (1987). Motor and perceptual impairments
in acute stroke patients: effects on self-care ability. Stroke, 18(6), 1081-1086.

35. Dettmann, M. A., Linder, M. T., Sepic, S. B. (1987). Relationships among walking performance,
postural stability, and functional assessments of the hemiplegic patient." American Journal of  Physical
Medicine, 66(2), 77-90.

36. Duncan, P. W., Propst, M., Nelson, S. G. (1983). Reliability of the Fugl-Meyer assessment of
sensorimotor recovery following cerebrovascular accident. Physical Therapy, 63(10), 1606-1610.

37. Malouin, F., Pichard, L., Bonneau, C., Durand, A., Corriveau, D. (1994). Evaluating motor recovery
early after stroke: comparison of the Fugl-Meyer Assessment and the Motor Assessment Scale.
Archives of Physical Medicine and Rehabilitation, 75(5), 1206-1212.

38. Mao, H. F., Hsueh, I. P., Tang, P. F., Sheu, C. F., Hsieh, C. L. (2002). Analysis and comparison of the
psychometric properties of three balance measures for stroke patients. Stroke, 33(4), 1022-1027.

39. Platz, T., Pinkowski, C., van Wijck, F., Kim, I. H., di Bella, P., Johnson, G. (2005). Reliability and
validity of arm function assessment with standardized guidelines for the Fugl-Meyer Test, Action
Research Arm Test  and Box and Block Test:  a  multicentre  study.  Clinical  Rehabilitation,  19(4),  404-
411.

40. Shelton, F. D., Volpe, B. T., Reding M. (2001). Motor impairment as a predictor of functional recovery
and guide to rehabilitation treatment after stroke. Neurorehabilitation and Neural Repair, 15(3): 229-
237.

41. Sinead, G. (2017).  Fugl-Meyer Assessment of Motor Recovery after Stroke. Retrieved from
http://www.physio-pedia.com/Fugl-Meyer_Assessment_of_Motor_Recovery_after_Stroke.

42. Duncan, P. W., Propst, M., Nelson, S. G. (1983). Reliability of the Fugl-Meyer assessment of
sensorimotor recovery following cerebrovascular accident. Physical Therapy, 63(10), 1606 -1610.

43. Gladstone,  D.  J.,  Danells,  C.  J.,  Black,  S.  E.  (2002).  The  Fugl-Meyer  assessment  of  motor  recovery
after stroke: a critical review of its measurement properties. Neurorehabilitation and  Neural Repair,
16(3), 232-240.

44. Wolf, S. L., Winstein, C. J., Miller, J. P., Taub, E., Uswatte, G., Morris, D., Giuliani, C., Light, K. E.,
Nichols-Larsen, D., EXCITE Investigators. (2006). Effect of constraint-induced movement therapy on

http://eprints.nottingham.ac.uk/10247/1/PHD_final.pdf
http://www.who.int/classifications/icf/en/


Ebtessam Khattab Gad El-Mawla et al /International Journal of PharmTech Research, 2016,9(12): 1024-1032. 1032

upper extremity function 3 to 9 months after stroke: the EXCITE randomized clinical trial. JAMA,
296(17), 2095-2104.

45. Stinear, C. M., Barber, P. A., Smale, P. R., Coxon, J. P., Fleming, M. K., Byblow, W. D. (2007).
Functional potential in chronic stroke patients depends on corticospinal tract integrity. Brain: a journal
of Neurology, 130(Pt 1), 170-180.

46. Han, L., Law-Gibson, D., Reding, M. (2002). Key neurological impairments influence function-related
group outcomes after stroke. Stroke, 33(7), 1920 -1924.

47. Lin, J.H., Hsueh, I. P., Sheu, C. F., Hsieh, C. L. (2004).  Psychometric properties of the sensory scale of
the Fugl-Meyer Assessment in stroke patients. Clinical Rehabilitation, 18(4), 391-397.

48. Harvey, R. L., Winstein, C. J., Everest Trial Group. (2009). Design for the Everest randomized trial of
cortical stimulation and rehabilitation for arm function following stroke. Neurorehabilitation and Neural
Repair, 23(1), 32- 44.

49. Lo,  A.  C.,  Guarino,  P.  D.,  Richards,  L.  G.,  Haselkorn,  J.  K.,  Wittenberg,  G.  F.,  Federman,  D.  G.,
Ringer, R. J., Wagner, T. H., Krebs, H. I., Volpe, B. T., Bever, C. T. Jr, Bravata, D. M., Duncan, P. W.,
Corn,  B.  H.,  Maffucci,  A.  D.,  Nadeau,  S.  E.,  Conroy,  S.  S.,  Powell,  J.  M.,  Huang,  G.  D.,  Peduzzi,  P.
(2010). Robot-assisted therapy for long-term upper-limb impairment after stroke. The New England
Journal of Medicine, 362, 1772-1783.

50. Mulroy, S., Gronley, J., Weiss, W., Newsam, C., Perry, J. (2003). Use of cluster analysis for gait
pattern classification of patients in the early and late recovery phases following stroke. Gait and
Posture, 18(1), 114 -125.

51. Sanford, J., Moreland, J., Swanson, L. R., Stratford, P. W., Gowland, C. (1993). Reliability of the Fugl-
Meyer assessment for testing motor performance in patients following stroke. Physical Therapy, 73(7),
447-454.

52. Lincoln, N. B., Crow, J. L., Jackson, J. M., Waters, G. R., Adams, S. A.  Hodgson, P. (1991). The
unreliability of sensory assessment. Clinical Rehabilitation, 5(4), 273-282.

53. Lincoln,  N.  B.,  Jackson,  J.  M.,  Adams,  S.  A.  (1998).  Reliability  and  Revision  of  the  Nottingham
Sensory Assessment for Stroke Patients. Physiotherapy, 84(8), 358-365.

54. Gaubert, C. S., & Mockett, S. P. (2000). Inter-rater reliability of the Nottingham method of stereognosis
assessment. Clinical Rehabilitation, 14(2), 153-159.

55. Folstein, M. F., Folstein, S. E., McHugh, P. R. (1975). Mini-mental state. A practical method for
grading the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12(3), 189-198.

56. Michaelsen, S. M., Dannenbaum, R., Levin, M. F. (2006). Task-specific training with trunk restraint on
arm recovery in stroke. Stroke, 37, 186-192.

57. Welmer, A. K., Holmqvist, L. W., Sommerfeld, D. K. (2008). Limited fine hand use after stroke and its
association with other disabilities. Journal of Rehabilitation Medicine, 40(8), 603-608.

58. Cramer, S. C., & Crafton, K. R. (2006). Somatotopy and movement representation sites following
cortical stroke. Experimental Brain Research, 168(1-2), 25-32.

59. Hara, Y. (2015). Brain plasticity and rehabilitation in stroke patients. Journal of Nippon Medical
School: Nippon Ika Daigaku Zasshi, 82(1), 4-13.

*****


