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ABSTRACT
The aim: To assess the effect of the modified combined program of physical therapy and ergotherapy on the indicators of upper limb recovery in the patients with the left
unilateral neglect.
Materials and methods: The study involved 58 patients diagnosed with the right hemisphere stroke followed by neglect syndrome. Patients were randomly divided into
main group (MG) and control group (CG) according to the ratio of 1:1. Physical therapy of CG patients included proprioceptive neuromuscular facilitation (PNF), balance training,
ergotherapeutic intervention, and exercises improving fine motor skills. Specially developed intervention program of MG patients took into account patient’s individual capabilities
and needs. It included PNF, balance training and upright posture correction, constraint-induced movement therapy, dual task activities, stimulation of the affected side in daily
activities, targeted therapy. The length of intervention comprised 3 months in both groups.
Results: According to the results of the primary examination, the groups had no differences in demographic variables, clinical history (NIHSS scale, the Glasgow Coma Scale and
Albert’s Test) and Fugl-Meyer assessment of upper limb sensorimotor recovery. Statistical analysis of the final scores of the Fugl-Meyer scale confirmed that MG had statistical
advantages in all measured items of the motor function domain, as well as in a number of proprioceptive sensitivity indicators.
Conclusions: The obtained results confirm better efficacy of the modified program of physical therapy and ergotherapy, received by MG patients.
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INTRODUCTION

The consequences of past cerebral circulatory disorders
lead to a serious decrease of patients’ life quality. Being
the main reason for progressive and long-term disability of
the population, stroke remains one of the most important
challenges of modern society [1,2].
Depending on the location and extent of brain morphological changes following the stroke, the clinical picture and
movement disorders can vary significantly [3,4].
A few days after onset, when cerebral disorders are smoothed,
priority is taken by movement disorders, which depend on the
location of the pathological process. Movement disorders in the
acute period develop in 75% of patients, and six months later
movement defects persist in 53% of patients [3].
Neglect syndrome is observed in case of large damages of
back (parietal or parieto-occipital) lobes mainly of the right
hemisphere. There are opinions that the development of this
syndrome involves thalamus, basal ganglia, corpus callosum,
frontal, parietal and temporal lobes, reticular formation,
other non-specific parts of the brain affected by stroke [5-7].
According to various authors, this syndrome is observed
in 33-85% of patients with right hemispheric stroke and
24% of patients with left hemispheric stroke [8].

Such patients do not tell about their complaints in the
conversation, considering themselves “completely healthy”
and claiming that their left limbs function just as well as
the right limbs. Patients are passive about the existence of
the disorder, rehabilitation process and obtained positive
results, and usually cannot sufficiently implement their
movement functions [9, 10].
Spatial (visual) neglect can be diagnosed with the help of
Albert’s test, which enables to detect and quantify it. The
percentage of missed segments correlates with the degree of
cognitive function restoration six months after the test [1].
On the other hand, one of the most important causes
of disability after stroke is arm impairment, which occurs
in 70% of the patients with past acute cerebral circulatory
disorders [11]. In this case upper limb function recovery
usually [12] occurs at a later date, often remaining the
only reason for patient’s disability. Upper limb function
is completely restored only in 20% of patients [11,13,14].
The main approach, continually applied in the treatment
and rehabilitation of neglect, directly addresses the problem of the main deficit of neglect and attempts to refocus
attention on the neglected side. Visual scanning therapy is
widely used in neglect rehabilitation, basically encouraging
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the patients to study, for example, the left side of space,
often with the help of visual signals [15,16].
Neglect following acute cerebral circulatory disorder was
proved to affect the quality of rehabilitation [15], namely
to prolong the length of hospital stay, increase the risk of
falling, reduce the chances of returning home after intensive inpatient rehabilitation, i.e. the patient with neglect
cannot be completely self-supporting [17].
Taking into account the available data, improving the results of physical therapy and ergotherapy in stroke patients
with neglect syndrome is an important task.

THE AIM

The aim was to assess the effect of the modified combined
program of physical therapy and ergotherapy on the indicators of upper limb sensorimotor recovery in the patients
with the right hemisphere ischemic acute cerebral circulatory disorders followed by neglect syndrome.

MATERIALS AND METHODS

Participants: The study involved 58 patients (29 females and
29 males) diagnosed with the right hemisphere ischemic
acute cerebral circulatory disorder followed by neglect
syndrome. All persons were informed about the content
of the tests, measurement procedures and signed an informed consent form. The research was approved by the
Institutional Ethics Committee (number 1/2017) and was
carried out in compliance with the international principles
of the Helsinki Declaration of the World Medical Association [18], and in accordance with the Law of Ukraine
“Fundamentals of Ukrainian Legislation on Healthcare”
[19] on ethical norms and rules for conducting medical
research involving human.
The patients were randomly divided into main group
(MG) and control group (CG) according to the ratio of
1:1. The exclusion criteria were hemianopsia, scores above
3 on the Scale of Contraversive pushing, scores above 14
on the NIHSS scale.
Setting: hospitalized care and home-based rehabilitation
program.
Interventions: Physical therapy of CG patients included
proprioceptive neuromuscular facilitation (PNF), balance
training, ergotherapeutic intervention, and exercises impoving fine motor skills. Specially developed intervention
program of MG patients took into account patient’s individual capabilities and needs, after analyzing the obtained
results. The Predict Recovery Potential (PREP2) algorithm
was used to predict upper limb recovery interventions.
Goal setting employed SMART goals framework. The
SOAP format was used for therapy planning.
PNF (scapular and upper limb patterns), constraint-induced
motor therapy (SIMT) and dual task activities were used.
The intervention included balance exercises while sitting
and standing, as well as neglect correcting exercises, namely:
- stimulation of the affected side (tactile, visual, motor);
- constant drawing attention to the affected side of the space
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(wearing bright bracelets on the left hand, placing photos
of significant people and bright objects on the left side);
- involvement of the affected side in daily activities (placing food (not hot) on the affected side, approaching the
patient by specialists and relatives from the neglected
side, placing board games, means of communication on
the neglected side);
- patients were also asked to place clock hands according
to the given time; complete missing parts of the objects,
letters and numbers in the pictures; replicate specific patterns in the Kohs Block test, create patterns using tactile
(tactile-colored) dominoes; find the middle of the length;
cross out the numbers in the right and left halves of the
sheet; work on sheets divided in half; draw symmetrical
pictures; move hands alternately and simultaneously, etc.
The therapy was performed 5 days a week for 14±4.2 days, and
then 3 times a week for up to three months in both groups.
Three months later, the patients had a repeated, final
examination.
Outcome Measures: Demographic variables, clinical
history (NIHSS scale, the Glasgow Coma Scale and Albert’s
Test scores). Comparing the efficacy of the combined program of physical therapy and ergotherapy in CG and MG
was carried out using indicators of upper limb sensorimotor recovery according to Fugl-Meyer scale.
Statistical analysis: The materials of the research were
processed in IBM SPSS 21.0 program (Chicago, IL, USA)
of statistical analysis. The analysis of quantitative indicators distribution’s correspondence to the law of normal
distribution was checked by Shapiro-Wilk test (W). Mean
value ± standard deviation (±SD) were calculated for the
results of indicators that corresponded to the law of normal distribution. Median value (Me) and upper and lower
quartiles (25%; 75%) were calculated for the indicators
with a non-normal distribution. Student’s t-test (for independent groups) was used to measure the significance of
the difference, provided there was a normal distribution
of study results; Mann-Whitney U test (for independent
groups) and χ2 criterion were used provided the indicators
had a distribution other than normal.

RESULTS

CG included 13 males and 16 females, whereas MG included 16 males and 13 females (p>0.05). The mean age
of CG patients was 69.3±9.77 years, and the mean age of
MG patients was 67.9±10.46 years (p>0.05). During first
examination of CG, 5 patients had satisfactory health
condition, 12 patients had health condition close to satisfactory, 6 patients had moderately severe condition, and 6
patients had severe health condition. Among MG patients,
6 patients had satisfactory health condition, 15 patients had
health condition close to satisfactory, 5 patients had moderately severe condition, and 3 patients had severe health
condition. Statistical analysis did not reveal any significant
difference in this distribution of patients (p>0.05).
According to the NIHSS Scale, the average value in CG
was 8.41±2.31 with Me (25%; 75%) indicator being 9 (7;
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Table I. Initial Fugl-Meyer scores of sensorimotor recovery in groups of patients
CG
(n=29)

Proprioceptive
sensitivity

Motor
function

Items

MG
(n=29)

x±SD

Ме
(25%; 75%)

x±SD

Ме
(25%; 75%)

Proximal part of the arm

11.10 ± 1.82

11 (9.5; 12.5)

11.31 ± 1.79

12 (10; 12.5)

Hand and radiocarpal joint

5.07 ± 1.10

5 (4; 6)

5.07 ± 1.22

5 (4; 6)

Total score of the upper limb

16.17 ± 2.87

16 (13.5; 18.5)

16.38 ± 2.93

17 (14; 18)

Balance

6.03 ± 0.91

6 (5; 7)

6.24 ± 0.91

6 (6; 7)

Shoulder joint

0.86 ± 0.58

1 (0,5;1)

0.93 ± 0.37

1 (1; 1)

Elbow joint

0.79 ± 0.49

1 (0,5; 1)

0.83 ± 0.53

1 (0.5; 1)

Radiocarpal joint

0.72 ± 0.53

1 (0; 1)

0.76 ± 0.56

1 (0; 1)

Fingers

0.76 ± 0.58

1 (0; 1)

0.83 ± 0.60

1 (0; 1)

Thumb

0.86 ± 0.64

1 (0; 1)

0.90 ± 0.49

1 (1; 1)

Total sensitivity of the upper limb

10.03 ± 1.97

10 (8.5; 12)

10.48 ± 1.86

11 (9; 12)

CG – control group; MG – main group.
Table II. Final Fugl-Meyer scores of sensorimotor recovery in groups of patients
CG
(n=29)

Proprioceptive
sensitivity

Motor
function

Items

MG
(n=29)

x±SD

Ме
(25%; 75%)

x±SD

Ме
(25%; 75%)

Proximal part of the arm

22.81 ± 5.42

24 (18; 27)

27.72 ± 5.00

30 (25; 31.5)**

Hand and radiocarpal joint

16.53 ± 4.20

17 (12; 21)

20.00 ± 4.69

21 (15; 24.5)**

Total score of the upper limb

39.34 ± 8.36

41 (33.5; 47)

47.72 ± 8.81**

49 (45; 54.5)

Balance

9.78 ± 1.72

11 (8; 11)

10.79 ± 2.30

12 (9.5; 12.0)**

Shoulder joint

1.52 ± 0.51

2 (1; 2)

1.83 ± 0.38

2 (2; 2)*

Elbow joint

1.66 ± 0.48

2 (1; 2)

1.72 ± 0.45

2 (1; 2)

Radiocarpal joint

1.55 ± 0.51

2 (1; 2)

1.59 ± 0.50

2 (1; 2)

Fingers

1.31 ± 0.47

1 (1; 2)

1.59 ± 0.50

2 (1; 2)*

Thumb

1.34 ± 0.48

1 (1; 2)

1.62 ± 0.49

2 (1; 2)*

Total sensitivity of the upper limb

13.36 ± 3.10

13 (11; 16)

16.29 ± 3.06**

16 (15; 18)

CG – control group; MG – main group; * – the difference between the indicators is statistically significant as compared to control group р<0.05; ** – р<0.01.
10) points; corresponding indicators in MG were 8.90±2.27
points and 9 (7.5; 10) points respectively. No statistical
difference between the groups was revealed (p>0.05).
According to the Glasgow Coma Scale, Me (25%; 75%)
indicator comprised 13 (10; 13) points in CG, and 12 (10.5;
13) points in MG (p>0.05).
It should be noted that Albert’s Test scores in CG and
MG were not statistically different at the first examination:
18.28±4.82 points in CG; 18.41±4.31 points in MG out of
a maximum of 39 points.
Sensorimotor recovery indicators on the Fugl-Meyer
scale in CG and MG had no statistical difference at the first
examination (Table I). It should be noted that all measured
indicators of sensorimotor recovery in CG and MG had significant improvements since the first examination (p<0.01).
According to the Fugl-Meyer scores of sensorimotor
recovery at the final examination, ±SD indicator of the
motor function of the proximal part of the arm in CG

comprised 22.81±5.42 points out of 36 points possible,
with Me (25%; 75%) indicator being 24 (18; 27) points. MG
indicator was slightly higher and comprised 27.72±5.00
points, with Me (25%; 75%) indicator being 30 (25; 31.5)
points. The difference between groups of patients at the
final examination was proved significant (p<0.01). As for
increase, it comprised 16.41 points in MG and 12 points
in CG. Mean value of MG was 4.91 points higher, which
comprised 21.5% of the final CG indicator.
At the final examination, the average score of the motor
function of the hand and radiocarpal joint in CG comprised 16.53±4.20 points out of 30 points possible, with Me
(25%; 75%) indicator being 17 (12; 21) points (Table 2).
MG patients showed slightly better ±SD indicator, which
comprised 20.00±4.69 points; Me (25%; 75%) indicator
was significantly better (p<0.01) comprising 21 (15; 24.5)
points. increase was bigger in MG and comprised 14.93
points, whereas in CG it comprised 11.47 points. Mean
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Fig. 1. Comparative final results of the assessment of indicators on the Fugl-Meyer scale in the main (MG) and control (CG) groups of patients
value of MG was 3.47 points higher, which comprised 21%
of the final CG indicator.
The total score of upper limb motor function was significantly better in MG (p<0.01). MG mean value increased
by 31.48 points and amounted to 47.72±8.81 points; CG
mean value increased by 23.29 points and amounted to
39.34±8.36 points. Thus, MG mean value was 8.38 points
higher, which comprised 21.3% of the final CG indicator.
Balance score on the Fugl-Meyer Scale was statistically
better in MG when comparing the final scores (Table II).
Me (25%; 75%) indicator comprised 12 (9.5; 12.0) points
in MG and 11 (8; 11) points in CG (p<0.01). Mean values
increased from 6.24±0.91 points to 10.79±2.30 points in
MG and from 6.03±0.91 points to 9.78±1.72 points in CG.
Thus, the increase in the groups comprised 4.55 and 3.74
points respectively. MG mean value was 1.01 points higher,
which comprised 10.3% of the final CG indicator.
According to the Fugl-Meyer scores of sensorimotor recovery at the final examination, ±SD indicator of shoulder
joint proprioceptive sensitivity in CG comprised 1.52±0.51
points out of 2 points possible, with Me (25%; 75%) indicator being 2 (1; 2) points. MG patients showed slightly
higher results which comprised 1.83±0.38 points, with Me
(25%; 75%) indicator being 2 (2; 2) points. The difference
between the group scores at the final examination was
proved significant (p<0.05). As for increase, it comprised
0.90 points in MG, and 0.66 points in CG. MG mean value
was 0.31 points higher, which comprised 20.4% of the final
CG indicator.
According to the analysis of the final examination scores
of elbow joint proprioceptive sensitivity in CG, the average
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score comprised 1.66±0.48 points out of 2 points possible; Me (25%; 75%) indicators comprised 2 (1; 2) points.
MG patients showed slightly better ±SD indicator, which
amounted to 1.72±0.45 points, whereas Me (25%; 75%)
indicators were similar and had no statistical difference
(p>0.05). increase comprised 0.90 points in MG and 0.86
points in CG.
The absence of a significant difference in the final scores
was also revealed when comparing radiocarpal joint proprioceptive sensitivity in MG and CG (p>0.05). Final Me
(25%; 75%) indicators comprised 2 (1; 2) points in the
groups. ±SD indicator increased from 0.72±0.53 points to
1.55±0.51 points out of 2 points possible in CG and from
0.76±0.56 to 1.59±0.50 points in MG. increase comprised
0.90 points in MG and 0.86 points in CG.
Fingers proprioceptive sensitivity was statistically better
in MG. Me (25%; 75%) indicator was lower in CG comprising 1 (1; 2) points; Me (25%;

75%) indicator in MG
comprised 2 (1; 1) points (p<0,05). ±SD indicator increased
from 0.76±0.58 points to 1.31±0.47 out of 2 points possible
points in CG and from 0.83±0.60 to 1.59±0.50 points in
MG. increase comprised 0.76 points in MG and 0.55 points
in CG. MG mean value was 0.28 points higher, which
comprised 21.4% of the final CG indicator.
At the final examination, the average score of thumb proprioceptive sensitivity comprised 1.34±0.48 points out of 2
points possible in CG; Me (25%; 75%) indicator comprised
1 (1; 2) point. MG patients showed slightly better ±SD
indicator which amounted to 1.62±0.49 points; Me (25%;

75%) indicator was statistically better (p<0.05) comprising
2 (1; 2) points. increase was higher in MG comprising 0.72
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points, whereas in CG it comprised 0.48 points. MG mean
value was 0.28 points higher, which comprised 20.9% of
the final CG indicator.
According to the Fugl-Meyer scores of sensorimotor
recovery at the final examination, ±SD indicator of the total
sensitivity comprised 13.36±3.10 points out of 24 points
possible in CG. The indicator was slightly higher in MG
comprising 16.29±3.06 points. The difference between the
group scores at the final examination was proved significant
(p<0.01). As for increase, it comprised 5.81 points in MG
and 3.33 points in CG. MG mean value was 2.93 points
higher, which comprised 21.9% of the final CG indicator.
Taking into account that Fugl-Meyer scale indicators had
different maximum scores, it is necessary to present final
indicators in reference to maximum scores (Fig. 1). The
analysis of the obtained results revealed that the maximum
percentage was appointed to proprioceptive sensitivity of
the shoulder joint (91.7% out of the maximum score) in
MG, and to proprioceptive sensitivity of the elbow joint
(82.8% out of the maximum score) in CG.
On the other hand, the minimum percentage in MG and
CG was appointed to the motor function of the hand and
radiocarpal joint (66.7% and 55.1% out of the maximum
score, respectively).

DISCUSSION

First examination of the patients revealed low indicators
of upper limb sensorimotor recovery according to the
Fugl-Meyer scale. During the course of physical therapy
and ergotherapy programs MG and CG patients showed
significant improvements of all indicators and total scores
of motor function and proprioceptive sensitivity.
At the same time, comparison of the final scores of the
samples revealed a number of statistical differences in favor of
MG patients, which confirmed the benefits of the combined
program of physical therapy and ergotherapy they received.
It should be noted that according to the comparative
analysis of final indicators, the largest difference between
CG and MG was revealed in shoulder joint proprioceptive
sensitivity indicator (15.5% out of the maximum theoretical score). The least difference between the groups was
revealed in radiocarpal joint proprioceptive sensitivity
indicator (1.7% out of the maximum score). A fairly small
difference was revealed in elbow joint proprioceptive
sensitivity indicator – 3.4% out of the maximum score.
Both these indicators had no statistical advantages in
any of the samples. In other items of the scale relative
advantage (presented in % out of the maximum possible
value) of CG over MG was as follows: motor function of
the proximal part of the arm was 13.6; motor function
of the hand and radiocarpal joint was 11.6%; total score
of upper limb motor function was 12.7%; balance was
7.3%; proprioceptive sensitivity of the fingers was 13.8%;
proprioceptive sensitivity of the thumb was 13.8%; total
sensitivity of the upper limb was 12.2%.
Thus, the study confirmed positive impact of the combined program of physical therapy and ergotherapy carried

out with MG patients on upper limb sensorimotor recovery.
Scientific literature presents studies that both confirm
and refute the efficacy of certain interventions for upper
limb sensorimotor recovery.
Yun G.J. et al. [20] studied the synergistic effect of mirror
therapy and neuromuscular electrical stimulation (NMES)
on arm function in stroke patients. Mirror therapy and
NMES group patients showed significant improvements
in hand, wrist, coordination, and hand extension strength
indicators on the Fugl-Meyer scale as compared to the
groups receiving only one of the therapies.
At the same time, a blinded randomized controlled trial
[21] showed no evidence of mirror therapy efficacy in the
early post-stroke period. In this study, the experimental
group received mirror therapy, while the control group
received sham therapy.
The comparison of impact of movement-based (MMT)
and task-based mirror therapies (TMT) on upper limb
function improvement in stroke patients confirmed the
efficacy of both interventions in patients with mild and
moderate hemiplegia caused by stroke. However, according
to the study, MMT is more effective than TMT in improving function of hemiplegic upper limbs [22].
The positive effect on fine motor skills recovery with
the help of a sensor glove was presented in the study of
Prokopenko S.V. et al. [12]. While training, the patient
used finger movements to play a computer game. The
results of using a sensor glove indicate that a higher
level of daily functioning has been achieved after the
additional use of sensor glove as a rehabilitation method. Besides, this method is interesting for the patient,
improves motivation to exercise involving the patient in
the treatment process.
According to the results of the research, combination of
ergotherapy and physical therapy is one of the best means
for the recovery of post-stroke patients. Ergotherapy has
a positive impact on the degree of recovery of certain
functions in post-stroke patients, as well as on the level of
their independence while performing all major household
activities. Rational use of ergotherapy accelerates the recovery of muscle strength, normal joint range of motion,
coordinated movements [23].
The study of Park S.E. [24] confirmed the benefits of
combining proprioceptive neuromuscular facilitation and
oculo-motor exercise for balance indicators recovery in
patients with neglect as compared to interventions based
on oculo-motor exercise alone or a combination of oculo-motor exercise with functional electrical stimulation.
Our study also confirmed better efficacy of the physical
therapy program, which included proprioceptive neuromuscular facilitation.
Positive effect of a scanning and cueing approach
(active scanning to the left was encouraged by the therapist, using visual and verbal cues and a mental imagery
technique, during reading and copying tasks and simple
board games) and a contralesional limb activation approach (functional and goal-oriented left upper-limb
activities in neglected hemispace were encouraged) on
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the results of star cancellation test, the line bisection test,
and the baking tray task, conducted with patients having
neglect syndrome, are presented in the study of Bailey
M.J. et al. [16-3]. These results are generally consistent
with ours.
Paolucci S. [25] is reported about motor and functional
recovery of stroke patients with neglect. Patients were
assessed by means of three functional and neurological
scales (Rivermead Mobility Index, Barthel Index, Canadian
Neurological Scale). Outcomes were significantly improved
by the simultaneous presence of a treatment specifically
focused on neglect.
Thus, the study confirmed that patients with neglect need
special additional interventions within the physical therapy
program, as well as better efficacy of therapy combinations,
namely proprioceptive neuromuscular facilitation, oculo-motor exercise and visual tracking.

CONCLUSIONS

Statistical analysis of the Fugl-Meyer scale indicators confirmed that MG had statistical advantages in all studied
items of the motor function domain (proximal part of the
arm, hand and radiocarpal joint and total score of upper
limb), as well as in a number of proprioceptive sensitivity
indicators (shoulder joint, fingers, thumb and total sensitivity of upper limb). These results confirm better efficacy
of the physical therapy program received by MG patients.
In particular, final scores of motor function of the hand
and radiocarpal joint comprised 16.53±4.20 points out of
30 points possible in CG and 20.00±4.69 points in MG
(p<0.01).
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