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Abstract
Purpose: to assess the effect of the goal-oriented physical therapy and ergotherapy tasks and dual task activities
on balance indicators of the Berg Balance Scale (BBS) in patients with the unilateral neglect. Materials and
methods: The study involved 58 patients. Stroke patients were randomly divided into main group (MG) (29
individuals) and control group (CG) (29 individuals). The exclusion criteria were scores above 3 on the Scale for
Contraversive Pushing and above 14 on the NIH Stroke Scale. Physical therapy of CG patients included
proprioceptive neuromuscular facilitation (PNF) (shoulder blade and upper limb patterns), balance sitting and
standing training, constraint-induced motor therapy (SIMT) ergotherapeutic intervention, and exercises
improving fine motor skills. MG patients used the same balance sitting and standing training, the goal-oriented
physical therapy and ergotherapy tasks and dual task activities.The therapy was performed 5 days a week for
14±4.2 days in the rehabilitation room. After that, therapy continued at home 3 times a week with the weekly
supervision by the physical therapist for up to three months in both groups. The first assessment was performed
on the BBS during the third verticalization of patients. The intermediate assessment done on the 14th day to
obtain statistical intermediate results. Three months later, patients had a repeated, final assessment in all
domains. Results The total score of the BBS comprised 20.0 (13.0; 25.0) pointsin all 58 patients. Thus, the mean
value in the sample comprised 33.9% out of the maximum. Therefore, all the patients had a high rate of falls,
since there was no higher score than 45.Total balance score in MG patients significantly increased from
19(12.5;24.7)points to 35(22.5;43.5) points (p<0.05), whereas CG patients showed positive balance dynamic on
the BBS from 21(13;25) points to 40(32.5;46.5) points, however these changes were insignificant, p>0.05.At the
time of intermediate assessment in both groups, 10.3% of patients scored 45 points and more. At final
assessment, the share of such patients increased and comprised 17.2% in CG and 31.0% in MG (p>0.05).
Conclusions: Thus, the study confirmed better efficiency of the the goal-oriented physical therapy and
ergotherapy tasks and dual task activities, received by MG patients, its impact on balance and coordination
restoration, if the balance training programs were the same.
Keywords: physical therapy, ergotherapy, balance training, stroke, rate of falls.
Introduction
One of the main reasons for long-term and profound disability of stroke patients is movement disorders.
Movement disorders in the acute period present in 65% of patients, and six months later movement defects
persist in 53% of stroke patients. Every third (28.3%) patient needs outside help a year after a stroke. (Ullberg,
Zia, Petersson, &Norrving, 2015; Teasell, Foley, Hussein, Salter, Cotoi, & Richardson, 2016; Wist, Clivaz,
&Sattelmayer, 2016; Tomanek & Lis, 2020; Gyryavets, &Pulyk, 2019).
Movement disorders lead to gait abnormalities and loss of balance, which, in turn, can cause falls, limbs
and head injuries. Depending on the location and the extent of brain morphological changes following a stroke,
clinical picture and movement disorders can vary significantly (Arieshyna, Karpenko, &Isakina, 2017;Bondar,
2018; Volkova, &Blazhko, 2017;Dmytruk,&Rokoshevska,2017; Zakaliak, & Sprynska, 2017; Piotrowska, 2019;
Żołądkiewicz 2019; Gotowski 2015ab; Yukhymchuk, 2018; Gyryavets, & Pulyk, 2019; Metelski, 2019). It is not
explained by only one of a number of factors (Nudo,&Milliken, 1996; Nudo, 2003; Park, Min, Lee, Choi, &
Kim, 2016; Park,J.Lee,Chang,A.Lee,Hummel,& Kim,2020; Muhammad, & Hassan 2021), such as the degree of
hemiparesis, spasticity, sensory disorders and other types of disorders.
Most patients who have survived a stroke become disabled (70-80%), 20-25% of them requiring
assistance from others in daily routines for the rest of their lives (Volkova, & Blazhko,2017;Ullberg, Zia,
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Zamergrad, &Khatkova, 2018).
Spatial neglect after stroke is one of the main causes of disability. It also leads to restrictions on
independence in daily-life activities, (Lazarіeva, 2015; Spaccavento, Cellamare, Falcone, Loverre, & Nardulli,
2017). Hemispatialneglect is a severe cognitive condition frequently observed after a stroke. The symptoms
include patient’s unawareness of one side of space and disability in long-term perspective (Grygus, 2019; Rossit
еt al., 2019).
Strokes often lead to loss of patients’ balance while sitting and standing, therefore balance is one of the
primary things to deal with in stroke rehabilitation. If a person cannot sit, he/she cannot perform activities of
daily living, such as dressing, bathing, eating, and maintaining personal hygiene. One cannot learn to stand
safely before he/she learns to maintain balance.
Purpose: to assess the effect of the goal-oriented physical therapy and ergotherapy tasks and dual task activities
on balance indicators on the Berg Balance Scale in patients with the unilateral neglect.
Material &methods
The study involved 58 patients (29 females and 29 males) diagnosed with the right hemisphere ischemic
stroke with the unilateral neglect. All subjects who participated in the study signed an informed consent form.
The research was carried out in compliance with the international principles of the Helsinki Declaration of the
World Medical Association (World medical association Declaration of Helsinki, 2013), and in accordance with
the Law of Ukraine "Fundamentals of Ukrainian Legislation on Healthcare" (Law of Ukraine, 1992) 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 scores above 3 on the Scale for Contraversive Pushing and above 14 on
the NIH Stroke Scale. Physical therapy of CG patients included proprioceptive neuromuscular facilitation (PNF)
(shoulder blade and upper limb patterns), balance sitting and standing training, constraint-induced motor therapy
(SIMT) ergotherapeutic intervention, and exercises improving fine motor skills. MG patients used balance sitting
and standing training, the goal-oriented physical therapy and ergotherapy tasks and dual task activities.
The following balance exercises,we were used while sitting and standing, were the same in both groups:
a) oculomotor exercises; b) exercises aimed to restore dynamic system of balance and coordination; c) gradual
transfer from a horizontal position in bed to sitting and standing; d) special exercises to maintain balance sitting
on a bed, couch, then on a moving surface (a fitball). Goal-oriented physical therapy and ergotherapy taskswere
implemented in sitting and standing positions with a focus on training of daily life activities. As part of dual task
activities, they used simultaneous speaking aloud or reading while moving, counting to 10 and back, reproducing
associative hints from memory.MG patientstrained the skill of performing ADL on unstable platforms while
sitting and standing. Theyalsousedredvisualcues.
The therapy was performed 5 days a week for 14±4.2 days in the rehabilitation room. After that, therapy
continued at home 3 times a week with the weekly supervision by the physical therapist for up to three months in
both groups.
The first assessment was performed on the BBSduring the third verticalization of patients. The
intermediate assessment done on the 14th day to obtain statistical intermediate results. Three months later,
patients had a repeated, final assessment in all domains.
Comparison of the efficiency of the combined program of physical therapy and ergotherapy in CG and
MG was carried out using the indicators of balance restoration on the BBS.
The materials of the research were processed inStatistica 7.0 (StatSoft, USA) of statistical
analysis.Mathematical processing of numerical data was fulfilled with the help of variation statistics. The
analysis of correspondence of quantitative indicators distribution to the law of normal distribution was checked
by Shapiro-Wilk test (W). Median value (Me), upper and lower quartiles (25%; 75%) were calculated for the
indicators with a non-normal distribution. Mann-Whitney U test (for independent groups) and the Wilcoxon
signed-rank test (for dependent groups) 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).
At the initial assessment 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 obtained results of statistical analysis, none of the BBS items had normal distribution
of results, therefore Me (25%; 75%) indicators were calculated.
The total score of the BBS comprised 20.0 (13.0; 25.0) pointsin all 58 patients. Thus, the mean value in
the sample comprised 33.9% out of the maximum. Among the scores obtained in the groups of patients, the
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rate of falls, since there was no higher score than 45. It should be noted that the results of items of the BBS in
CG and MG did not differ statistically at the initial assessment (Table 1).
After conducting the combined course of physical therapy and ergotherapy, it can be stated that the
difference in total group scores was influenced not only by significant advantages revealed only in four items of
the BBS, but by the general trand towards the statistical advantages of MG patients as well. Specificities of the
studied dynamic should also include the fact that CG patients had no significant dynamic only in item No. 12.
Besides, the assessment of the dynamic between intermediate and final assessments on the BBS revealed that not
all items of MG patients improved significantly: items No. 2, 5-10, 12, 13 and the total score improved
significantly at p<0.01; items No. 1, 4, 11, 14 improved significantly at p<0.05; item No. 3 did not change
statistically between intermediate and final assessments (p>0.05). The analysis of CG had the following results:
items No. 5, 6, 9-11, 14 and the total score improved significantly at p<0.01; items No. 1, 2, 4, 7, 8, 12 improved
significantly at p<0.05; items No. 3 and 13 did not change statistically between intermediate and final
assessments (p>0.05) (Table 1).
Table 1.Dynamic of balance restoration on the Berg Balance Scale, points, Ме(25%;75%)
Items of the BBS
1.Sitting to standing
2.Standing unsupported
3.Sitting unsupported
4. Standing to sitting
5.Transfers (from bedto
chair)

Before
rehabilitation
3(3;3)
3(3;3)
2(2;3)
2(2;2,5)

Main group (n=29)
Intermidiate
After
results
rehabilitation
4 (3,5;4)**
4(4;4)**
4 (3;4)**
4(4;4)**
4 (4;4)
4(4;4)
4 (3;4)**
4(4;4)**

Control group (n=29)
Before
Intermidiate
After
rehabilitation
results
rehabilitation
3(3;3)
3 (3;3)
3(3;4)
3(3;3)
3 (3;3)
3(3;4)
2(2;3)
4 (4;4)
4(4;4)
2(1;2,5)
3 (2;4)
3(3;4)

2(1;2)

3 (2;4)

4(3;4)

2(1;2)

2 (2;4)

4(3;4)

2(1;2)

3 (2;4)

3(3;4)**

1(1;2)

2 (1;4)

3(2;4)

1(1;2)

3 (2;3,5)

3(2;4)

1(0;2)

3 (2;4)

3(2;4)

1(0;2)

3 (2;3)

3(2;3,5)

1(0;2)

2 (1;3)

3(1;4)

1(0;1)

2 (1;3)

2(1,5;3)

1(0;1)

2 (0,5;3)

2(1;3,5)

1(0;1)

2 (2;3)

3(2;3)

1(0;1)

2 (1,5;3)

2(1,5;3)

1(0;2)

2 (2;2)

2(2;3)

1(0,5;1)

2 (0;2)

2(1;3)

12. Placing alternate
footon stool

0(0;1)

2 (0;2)

2(0;3)

1(0;1)

1 (0;2)

1(0;2)

13. Standing with one
foot in front

0(0;0)

1 (0;2)

1(0;2)

0(0;0)

1 (0;1)

1(0;1,5)

6.Standing with eyes
closed
7.Standing with feet
together
8.Reaching forward
with outstreched arm
9.Retrieving object from
the floor
10.Turning to look
behind
11. Turning
360 degrees

14. Standing on one foor
Total score

0(0;0)

1 (0;1)

1(0;1)

0(0;0)

0 (0;1)

0(0;1)

21(13;25)

37 (27,5;41)

40(32.5;46.5)

19(12.5;24.7)

33 (20;39)

35(22.5;43.5)

Note. * – the difference between the indicators in the process of recovery is statistically significant as compared
to control groupр<0.05; ** – р<0.01.
The results of the «Sittingtostanding» item of the BBS at the time of intermediate assessment improved
significantly only in MG (р<0.01), and a significant difference was found between MG and CG in favor of MG
being 4 (3.5; 4) points and 3 (3; 3) points respectively (р<0.01).
The final results on this item increased statistically in both groups compared to the initial values, the
difference between the groups was significant: in CG was 3 (3; 4) points, and in MG 4 (4; 4) points (p<0.01).
The results of the «Standing unsupported» item of the BBS at the time of intermediate assessment was 3
(3; 3) points in CG and 4 (3; 4) points in MG (Table 1).The difference between the groups was significant
(p<0.01), and the statistical difference between the initial and intermediate results was observed only in MG
(p<0.01).
The difference between the final results of the groups was significant (p<0.01), despite significant
positive changes in both groups compared to the initial values (p<0.01).
At the time of the intermediate and final assessments, the results of «Sitting unsupported» in СG and MG did not
differ significantly (p>0.05). In both groups assessments were 4 (4; 4) points.Analysis of the intermediate results
of the item "Standing to sitting" found that the indicator significantly improved in both groups (p<0.01), but a
significant difference between MG and CG in favor of the first group was found at the level of 4 (3; 4) and 3 (2;
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the initial values, but the difference between the groups remained significant: in CG was 3 (3; 4) points, and in
MG was 4 (4; 4) points (p<0.01).At the time of the intermediate assessment according to the BBS the results of
"Transfers (from bed to chair)" significantly improved in both groups (p<0.01), but the statistical difference
between the results of groups 2 (2; 4) and 3 (2; 4) accordingly not obtained (p>0.05).
The final results on this point remained significantly better than the initial ones in both groups, and no
statistical difference was found between the results of the groups: in CG and MGO were similar to 4 (3; 4)
points.In the analysis of intermediate results of "Standing with eyes closed" the difference between the groups
was not significant (p> 0.05). Me (25%; 75%) indicator was 2 (1; 4) points in CG, and 3 (2; 4) points in MG. At
the same time, a statistical difference between the initial and intermediate results was observed in both groups
(p<0.01). The difference between the final results of the groups was already significant (p<0.01), despite
significant positive changes in both groups compared to the initial values (p<0.01).
At the time of the intermediate and final assessments, the results of the item "Standing with feet
together" in CG and MG did not differ significantly (p>0.05). In the intermediate assessment were 3 (2; 4) points
in CG and 3 (2; 3.5) points in MG, and the final were similar in both groups of 3 (2; 4) points.
Analysis of the intermediate and final results of “Reaching forward with outstretched arm” and
“Retrieving object from floor” found that the indicator significantly improved in both groups (p<0.01), and no
significant difference between MG and CG was found.
The intermediate assessment according to the BBS found that the results of "Turning 360 degrees",
"Placing alternate foot on stool", "Standing with one foot in front" significantly improved only in MG (p<0.01).
The final results on this item were significantly better than the initial ones in both groups (p<0.01), at the same
time no statistical difference was found between the results of the groups.
The final results on the item "Standing with one foot in front" remained statistically better compared to
the initial values only in MG (p<0.01), and reliable dynamics was not established in CG. However, no statistical
difference was found between the groups.The difference between the final results of the groups in the item
"Standing on one foot" was not confirmed statistically, and the final indicators remained significantly better
compared to the initial values in both groups (p<0.01).
The general assessment of the BBS had the following features of dynamics. The intermediate
assessment found that the overall scale score improved significantly in MG (p<0.01) and CG (p<0.05), and
statistical difference was not obtained between the results of the groups (p>0.05) (Table 1).
The intermediate assessment according to the BBS total score comprised 33(20;39) in CG and
37(27.5;41) points in MG (p>0.05). The final results on this point were significantly better than the initial ones
in both groups (p<0.01), at the same time the statistical difference between the results of the groups was
established: the score in CG and MG were 35(22.5;43.5) and 40 (32.5;46.5) points, respectively (p<0.05).
Among the obtained points of the BBS total score at intermediate and final assessments there were patients
whose scores were 45 points and higher. At the time of intermediate assessment in both groups, 10.3% of
patients scored 45 points and more.
At final assessment, the share of such patients increased and comprised 17.2% in CG and 31.0% in MG
(p>0.05). Specificities of patients’ distribution at final assessment, according to the risk of falls, are displayed in
Fig. 1.

Fig. 1. Distribution of main group (MG) and control group (CG) patients according to the risk of falls on the
BBS at the moment of final assessment
----------------------------------------------------------------------------------------------------------------------------1237
JPES ® www.efsupit.ro

YURII DIDO, OLENA DULO, RAFAŁ GOTOWSKI, IGOR GRYGUS
--------------------------------------------------------------------------------------------------------------------------------Discussion
The initial assessment of patients revealed a high rate of falls in patients who suffered a stroke followed
by neglect, as none of the patients scored more than 45 points. Movement disorders reflect patients’ inability to
stand up independently after sitting, to stand or sit unsupported, as well as loss of balance while stepping or
standing. During the course of physical therapy and ergotherapy programs both CG and MG patients showed
improvements of all indicators, total balance scores, balance and coordination restoration. At the same time, the
comparison of final results of the samples revealed a number of statistical differences in favor of MG patients, as
only four items of the BBS had a significant improvement of balance indicators, all of them showed by MG
patients, which confirmed benefits of the combined program of physical therapy and ergotherapy they received.
According to the obtained results of the total score of the BBS at the intermediate and final assessments some
patients scored 45 points and higher. At the time of intermediate evaluation in both groups, 10.3% of patients
scored 45 points or higher. At the final assessment, the share of such patients increased and comprised 17.2% in
CG and 31.0% in MG (p>0.05).
Thus, the study confirmed statistical advantage in the positive effect of the combined program of
physical therapy and ergotherapy (balance sitting and standing training, the goal-oriented physical therapy and
ergotherapy tasks and dual task activities.), received by MG patients, on balance and coordination restoration.
Scientific literature presents studies that confirm efficiency of certain interventions to restore patients’ balance,
as well as high sensitivity, specificity and rating reliability of the BBS to identify patients prone to falls and
having disorders of static and dynamic balance and coordination functions.
According toArieshyna, Karpenko, andIsakina (2017), Volkova, andBlazhko (2017), combined use of
ergotherapy and physical therapy is one of the best ways for patients to recover after a stroke. 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 major activities of daily living. Rational use of ergotherapy accelerates the
recovery of muscle strength, normal joint range of motion, coordinated movements.
According to the studies of Novikova, Akopyan, and Sharapova (2019) the process of rehabilitation treatment
implied the development of an individual rehabilitation program for each patient, which included kinesiotherapy,
mechanotherapy, physiotherapy, ergotherapy. Thus, the rehabilitation treatment resulted in significant
improvement of indicators in the motor function domain, balance and walking functions, and in-hand
manipulation.
The studies of Zamergrad, and Khatkova(2018) focused on the treatment of patients with balance
disorders caused by a stroke. Effective methods of physical rehabilitation include both regular exercises and
exercises aimed to train balance, stability and stamina.
The studies of Park, Min, Lee, Choi, andKim (2016) confirmed benefits of combining proprioceptive
neuromuscular facilitation and oculo-motor exercise for balance restoration 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.
Rossit еt al. (2019) hold the 12 weeks randomized controlled study where they compared specialized
physiotherapy program outcomes in stroke patients diagnosed with unilateral visual neglect (UVN). The
supervised exersice group (SEG, n=10) had three regular standardized sessions per week in the rehabilitation
room. The home exercise group (HEG, n=10) patients were given written exercise program and physical
therapist encouraged them to exercise on weekly basis throughout the whole intervention. There was no
significant differemce in group interaction on the BBS scores (p<0.05) after 12 weeks after 12 weeks and
throughout the year. Severity of neglect weas highly correlated with the BBS scores (p<0.05). The authors stress
that patients with UVN may benefit from structured, intensive and progressive physiotherapy programs, with a
focuse on balance and mobility, rather than supervised home rehabilitation. These benefits may have retention
when regular controls are not omitted.
We have confirmed the effectiveness of using reading during the exercise with hints from a physical
therapist. This is in line with the research results of Turgutеt al. (2018) who combineda daily reading task with
endogenous and exogenous cues provided by a therapist, which were continuously reduced after a patient had
reached a defined level of performance. This study shows that adaptive cueing in a reading task can improve
neglect symptoms by using an intensive intervention lasting 3 weeks.
The studies of Berg, Wood-Dauphinee, Williams, and Maki (1992); Liston, andBrouwer (1996)
revealed an excellent inter-rater reliability of the BBS and test-retest reliability for patients with hemiparesis.
The BBS confirmed sensitivity to change in patients between 14 and 90 days after a stroke.
The studies of Chiu, Au-Yeung, and Lo (2003) determined correlation of the BBS with the Barthel
Index, Timed "Up and Go" test, Tinetti Mobility Score and the Dynamic Gait Index; walking speed and
measurements of foot pressure center. The age of the examined patients did not correlate with scale indicators.
The studied older patients, who were able to stand straight 60 seconds, scored from 18 to 53 points on the BBS.
The BBS revealed sensitivity to change in patients with central vestibular disorders. Indicators that were equal to
45 points and below or above 45 points, respectively, discriminate fallers from non-fallers in older people.
Depending on the value of this threshold, sensitivity and specificity of identifying fallers vary considerably: the
threshold of 40 points provides 45% sensitivity and 96% specificity, whereas the threshold of 50 points provides
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Timed "Up and Go" test, the BBS proved to be the most convincing functional test that allows to separate older
people prone to falls.
Thе study Park, and Lee(2017)aimed to evaluate the predictive validity of the BBS as a screening tool
for fall risks among patiets with balance problems.
With regard to the overall predictive validity of the BBS, the pooled sensitivity and specificity were
0.72 and 0.73, respectively; the accuracy curve area was 0.84. The research results showed statistical
heterogeneity of indicators. Among the subgroups, the group of persons under 65 years of age, the group of
persons with neuromuscular diseases, those with 2+ falls, and those with a cutoff point of 45 to 49 showed better
sensitivity with statistically less heterogeneity. Empirical evidence shows that the BBS is an effective tool for
detecting the risk of falls and has shown good predictability when used with appropriate criteria and applied to
people with neuromuscular disease.
Currently, promising is a personalized approach in the treatment of patients, which involves using a
mathematical model developed to predict the impact of treatment and rehabilitation, when methods and means of
rehabilitation are prescribed according to models of predicting therapeutic effects rather than indications and
contraindications. The models themselves are developed on the basis of research and mathematical analysis of
treatment and rehabilitation determinants, which influence therapeutic effects in a particular category of patients.
For instance, to reduce spasticity of lower and upper limbs, improve dynamic and static balance, help patient
move more confidently while using high-tech rehabilitation methods ("Armeo", "Lokomat-pro", "Brain-port"),
Deineko,and Krysiuk (2017)developed a mathematical model for predicting rehabilitation effect, which included
the BBS and the GMFCS as determinants. Constructive changes of the physical therapy system, enhancing the
role of a physical therapist, and taking into account patient's characteristics in managing physical therapy process
have a positive effect on the result (Fedorenko S, at all (2020)
Thus, the study confirmed that stroke patients suffer from balance disorders and require special
additional interventions in the program of physical therapy and ergotherapy, as well as better efficiency from
combining therapies, such as balance sitting and standing training, the goal-oriented physical therapy and
ergotherapy tasks and dual task activities, oculo-motor exercise and visual tracking. The scientific literature
proves that the BBS is a sensitive diagnostic test that can be used as a determinant in the mathematical model for
predicting the effect of treatment and rehabilitation of post-stroke patients. These results are generally consistent
with ours.
Conclusions
Among the obtained points of the BBS total score at intermediate and final assessments there were
patients whose scores were 45 points and higher. At the time of intermediate evaluation in both groups, 10.3% of
patients scored 45 points and higher. At final assessment, the share of such patients increased and comprised
17.2% in CG and 31.0% in MG (p>0.05). Total balance score in MG patients significantly increased from
19(12.5;24.7)points to 35(22.5;43.5) points (p<0.05), whereas CG patients showed positive balance dynamic on
the BBS from 21(13;25) points to 40(32.5;46.5) points, however these changes were insignificant, p>0.05.
Thus, the study confirmed better efficiency of the the goal-oriented physical therapy and ergotherapy tasks and
dual task activities, received by MG patients, its impact on balance and coordination restoration, if the balance
training programs were the same.
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