
Original research article

Depression and dynamic balance recovery among
stroke survivors: A preliminary investigation

Ukachukwu Okoroafor Abaraogu *, Michael Chibuike Opara

Department of Medical Rehabilitation, Faculty of Health Science and Technology College of Medicine,
University of Nigeria, Enugu Campus, Nigeria

p o l i s h anna l s o f m e d i c i n e 2 4 ( 2 0 1 7 ) 1 2 3 – 1 2 8

a r t i c l e i n f o

Article history:

Received 9 February 2016

Received in revised form

30 March 2016

Accepted 4 May 2016

Available online 23 June 2016

Keywords:

Depression

Balance recovery

Cardiovascular accident

Stroke survivors

a b s t r a c t

Introduction: Studies have suggested that there could be a link between balance problems

and anxiety and depression conditions, and that rehabilitation of the balance system could

help. However, a direct link has not been established between post-stroke depression and

functional recovery and balance.

Aim: The aim of this preliminary investigation was to investigate the occurrences of

depression and to assess dynamic balance recovery status of stroke survivors as a founda-

tional study for to a future large investigation to establish the relationship between

depression and dynamic balance recovery.

Material and methods: A convenient sample of 18 stroke survivors was recruited from stroke

patients attending the outpatient adult neurology unit of the Physiotherapy Department,

University of Nigeria Teaching Hospital in a cross-sectional design. The Patient Health

Questionnaire-9 and the Dynamic Gait Index / Functional Gait Assessment score were used

to collect data for depression and dynamic balance recovery respectively. Associations

between depression and dynamic balance recovery were determined using Chi-Square

analysis at a confidence level of 95%. Analysis was done using SPSS v. 20.

Results and discussion: Result showed a high prevalence (55.60%) of post-stroke depression

among stroke survivors. Majority of the survivors (88.90% of patients) had poor dynamic

balance recovery.

Conclusions: There is a high prevalence of post-stroke depression among stroke survivors

and they have poor dynamic balance. However, owing to small sample of participants in the

present study, its premature to draw conclusion on the relationship between depression and

dynamic balance recovery among stroke survivors from the result of this study.
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1. Introduction

Severe disability and significant limitation to activities of
daily living are frequent sequelae of stroke, and these greatly
impact postural stability,1–6 further exacerbating risk of fall
among stroke survivors.7 Similarly, post-stroke depression
(PSD) is considered the most frequent and important
neuropsychiatric consequence of stroke.8,9 Approximately
one-third of stroke survivors experience major depression.8

Moreover this condition can have an adverse effect on
cognitive function, functional recovery and survival.9 Al-
though depression is important sequel of stroke, there is yet
some uncertainty regarding its relationship with functional
ability and balance. There is a growing interest into research
on how best to restore dynamic balancemechanism in stroke
survivors. Although the importance of manipulating afferent
integration has been suggested,6,10 however, it remains
unclear how this could be effectively implemented to gain
dynamic balance.

For a full functional recovery to be achieved in a stroke
patient, a holistic rehabilitative intervention putting into
consideration the patient's psychological and emotional
state, in addition to other necessary domains, is imperative.
Research into the relationship between depression, a major
psychological and emotional disorder in post-stroke
patients, and dynamic balance recovery in these patients
is warranted.

From the foregoing, although researchers suggested that
there could be a link between balance problems and anxiety
and depression conditions, and that rehabilitation of the
balance system could help,1–6,9,11 a direct link could not be
established between depression and functional recovery and
balance following stroke.

2. Aim

The aim of this preliminary investigation was to investigate
the occurrences of depression and to assess dynamic balance
recovery status of stroke survivors as a foundational study for
to a future large investigation to establish the relationship
between depression and dynamic balance recovery.

3. Material and methods

3.1. Research design

This is a cross-sectional research among stroke survivors
attending the outpatient Adult Neurology Unit of Physiother-
apy Department of University of Nigeria Teaching Hospital. A
convenient sample of stroke survivors who met a prior
selection criteria were the sample frame. To be included a
stroke survivor must be ambulant, must not have any
cognitive impairment, and consents to a voluntary participa-
tion in the research.

The University of Nigeria Teaching Hospital Health Re-
search Ethics Committee approved the research protocol.
Participants' informed consents were obtained prior to the

study. Participants' privacy and confidentiality were main-
tained by secluding the assessment areas, using code numbers
instead of names in data presentation, keeping the records
confidential.

3.2. Data analysis

Data were analyzed with the Statistical Package for Social
Sciences (SPSS 20). Demographics and anthropometric as well
as the depression and dynamic balance profiles were
presented in tables of frequencies and percentage. Also, was
presented in a table of frequency and percentage. Chi-square
analysis was used to seek association between depression and
balance recovery and between demographics, stroke char-
acteristics on one hand and depression and balance recovery
on the other hand.

3.3. Subjects description

A total of 18 stroke survivors comprising 13 males and
5 females participated in the study. At the end of the data
collection process, they were categorized into the following
groups: mildly depressed, moderately depressed and severely
depressed. They were also categorized into those with good
balance and those with poor balance.

3.4. Measurements

Portable weight scale and height meter were used to measure
the weight and height of the participants to the nearest 0.1 kg
and 0.1 cm, respectively. Mercury type sphygmomanometer as
well as Littmann Classic Stethoscope was used tomeasure the
diastolic and systolic blood pressures of the participants to the
nearest 1 mmHg.

The Patient Health Questionnaire (PHQ-9) was used to
measure the level of depression of the subjects. The PHQ-9 is a
multipurpose instrument for screening, diagnosing, monitor-
ing and measuring the severity of depression. It consists of
nine questions designed to correspond to the nine diagnostic
criteria for major depressive disorder. Items were rated from 0
(not at all) to 3 (nearly every day) according to increased
frequency of experiencing difficulties in each area covered.
Scores were summed and can range from 0 to 27. In line with a
previous documentation,12 PHQ-9 scores of 5, 10, 15, and 20
were respectively interpretive of mild, moderate, moderately
severe and severe depression respectively.

Dynamic Gait Index/Functional Gait Assessment Scoring
Form was used to measure the subjects' dynamic balance
recovery. This test consists of 10 different tasks that the
patients are rated on using an ordinal scale of 0–3 (0 – severe
impairment, 1 – moderate, 2 – mild, 3 – normal) with the best
possible total equal to 30 and the worst score equal to 0. A
score of 19 or less is indicative of increased fall risk.12 The
tasks include the following: ambulating on a level surface,
ambulating while changing speeds, ambulating with hori-
zontal head turns, ambulating with vertical head turns,
ambulating with pivot turns, stepping over obstacles, ambu-
lating with a narrow base of support, ambulating with eyes
closed, ambulating backwards and ascending/descending
stairs.12
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3.5. Procedure for data collection

3.5.1. First step
Following ethical approval and permission from the relevant
committee and department, the purpose and procedures of
the study were explained to the participants on which basis
their informed consents were requested and obtained. Then
there was collection and documentation of demographic and
other background data of the participants. These included
their age, sex, duration of stroke, lesion site, marital status,
occupation, level of education, religion and tribe.

3.5.2. Second step
The height and weight of each participant was measured.
Values obtained from these were used to calculate and record
the BMI of the participants. Then the participants' blood
pressure readings were measured.

3.5.3. Third step
The PHQ-9 was administered on the participants. Scores for
each participant were summed and interpreted as indicating
either no depression, minimal, mild, moderate, moderately
severe, or severe depression.

The Dynamic Gait Index/Functional Gait Assessment was
administered on the participants with the tasks included as
described earlier, after which total scores for each participant
were summed up and categorized.

4. Results

4.1. Demographics profile of stroke survivors

A total number of 18 stroke survivors participated in the study.
Majority (72.2%) were male and were 46 years or above. Most
had ischemic stroke and largely (55.60%) suffered right
hemispheric stroke. Secondary education was most prevalent
highest formal education attained by the participants,
majority of whom had had stroke for more than a year. Also,
most of the participants (16; 88.90%) were either overweight or
obese (see Table 1 for details).

Depression and dynamic balance recovery profiles of stroke
survivors are shown in Table 2. Majority of the patients (10;
55.60%) had moderate forms of depression and showed poor
balance recovery (16; 88.90%). Association between demo-
graphics, stroke characteristics, and depression among stroke
survivors are represented in Table 3.

Although majority (7; 39.90%) of patients who showed
moderate and severe depression were below 65 years, the
association between age and depression however was not
significant. Males (6; 33.33%) were depressed more as well as
those who suffered ischemic stroke (9; 50.00%) or were
overweight and obese (8; 44.44%). Generally, there was no
significant association between gender, weight status, stroke
characteristics, and depression among stroke survivors.

4.2. Association between demographics, stroke
characteristics, and balance recovery among stroke survivors

Majority (10; 55.60%) of patients who showed poor balance
recoverywere below65 years,weremales (11; 61.11%), suffered

ischemic stroke (12; 66.67%) and were overweight or obese (14;
77.80%). The association between these demographics, stroke
characteristics, and balance recovery are as seen in Table 4.

4.3. Association between depression and dynamic balance
recovery among stroke survivors

Results are shown in Table 5. Two (25.00%) of the eight patients
who had mild depression showed good dynamic balance
recovery and the remaining 6 (75.00%) showed poor dynamic

Table 1 – Demographics profile of stroke survivors
(n = 18).

Frequency (n) Percent (%)

Age
36–45 years 1 5.60
46–55 years 4 22.20
56–65 years 6 33.30
66 years and above 7 38.90

Gender
Male 13 72.20
Female 5 27.80

Type of stroke
Ischemic 14 77.80
Hemorrhagic 3 16.70
TIA 1 5.60

Lesion site
Right hemisphere 10 55.60
Left hemisphere 8 44.40

Level of education
Nil formal 3 16.70
Primary 4 22.20
Secondary 4 22.20
Tertiary 6 33.33
Post graduate 1 5.60

Duration of stroke
0–6 months 2 11.10
7–12 months 2 11.10
Over 1 year 14 77.80

BMI
Underweight (≤18.4) 0 0.00
Normal (18.5–24.9) 2 11.10
Overweight (25.0–29.9) 13 72.20
Obese (≥30.0) 3 16.70

Table 2 – Depression and dynamic balance recovery
profiles of stroke survivors (n = 18).

Frequency (n) Percent (%)

Depression status
Mild 8 44.40
Moderate 9 50.00
Severe 1 5.60

Depression status
Non-depressed 8 44.40
Depressed 10 55.60

Dynamic balance recovery
Good balance 2 11.10
Poor balance 16 88.90
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balance recovery. All patients who were moderately severely
depressed showed poor dynamic balance recovery. When the
classification of depression status was dichotomized – i.e.
absence or presence of depression, 25.00% of patients with
mild depression showed good dynamic balance, whereas all
patients who were depressed showed poor dynamic balance
recovery. However, there was no significant association
between depression and dynamic balance recovery in stroke
survivors.

5. Discussion

5.1. Prevalence of depression among stroke survivors

It was found that a greater percentage of the patients (55.60%)
had depression. This is higher compared to several studies
elsewhere reported.13–16 Whereas previous reports have
acknowledged wide variation in the frequency of depression
after stroke across studies largely because of differences in
patient characteristics and study designs, they have also
suggested that the lowest and highest frequency of depression
is found among patients in population- and rehabilitation-
based studies, respectively, potentially reflecting selection
bias toward the inclusion of more disabled stroke survivors in

the latter studies.17–19 Moreover, the time period of greatest
risk of depression has traditionally been considered to be the
first few months of stroke onset. This work, conversely,
showed consistency in the overall frequency of depression
across patients and in relation to the time periods from stroke
onset. Thus raises doubts about specific biological theories
related to an acute stroke lesion as the major cause of
depression in this condition.

Variability between studies arises not only from the
methodological problems of the investigations but also from

Table 3 – Association between demographics, stroke
characteristics, and depression among stroke survivors
(n = 18).

Depressed Non-
depressed

x2 P value

n (%) n (%)

Age
64 years and below 7 (63.64) 4 (36.36) 0.748 0.387
65 years and above 3 (42.86) 4 (57.14)

Gender
Male 6 (46.15) 7 (53.85) 1.675 0.196
Female 4 (80.00) 1 (20.00)

Type of stroke
Ischemic 9 (64.29) 5 (35.71)
Hemorrhagic 1 (33.33) 2 (66.67) 2.282 0.319
TIA 0 (0.00) 1 (100.00)

Lesion site
Right hemisphere 5 (50.00) 5 (50.00) 0.281 0.596
Left hemisphere 5 (62.50) 3 (37.50)

Level of education
Nil formal 3 (100.00) 0 (0.00)
Primary 2 (50.00) 2 (50.00)
Secondary 1 (25.00) 3 (75.00) 5.513 0.239
Tertiary 4 (66.67) 2 (33.33)
Post graduate 0 (0.00) 1 (100.00)

Duration of stroke
0–6 months 1 (50.00) 1 (50.00)
7–12 months 1 (50.00) 1 (50.00) 0.064 0.968
Over 1 year 8 (57.14) 6 (42.86)

BMI
Underweight (≤18.4) 0 (0.00) 0 (0.00)
Normal (18.5–24.9) 2 (100.00) 0 (0.00) 2.215 0.330
Overweight (25.0–29.9) 6 (46.15) 7 (53.85)
Obese (≥30.0) 2 (66.67) 1 (33.33)

Table 4 – Association between demographics, stroke
characteristics, and balance recovery among stroke sur-
vivors (n = 18).

Good
balance

Poor
balance

x2 P value

n (%) n (%)

Age
64 years and below 1 (9.09) 10 (90.91) 0.117 0.732
65 years and above 1 (14.29) 6 (85.71)

Gender
Male 2 (13.38) 11 (84.62) 0.865 0.352
Female 0 (0.00) 5 (100.00)

Type of stroke
Ischemic 2 (14.29) 12 (85.71)
Hemorrhagic 0 (0.00) 3 (100.00) 0.643 0.725
TIA 0 (0.00) 1 (100.00)

Lesion site
Right hemisphere 2 (20.00) 8 (80.00) 1.800 0.180
Left hemisphere 0 (0.00) 8 (100.00)

Level of education
Nil formal 0 (0.00) 3 (100.00)
Primary 0 (0.00) 4 (100.00)
Secondary 1 (25.00) 3 (75.00) 1.969 0.742
Tertiary 1 (16.67) 5 (83.33)
Post graduate 0 (0.00) 1 (100.00)

Duration of stroke
0–6 Months 0 (0.00) 2 (100.00)
7–12 Months 0 (0.00) 2 (100.00) 0.643 0.725
Over 1 year 2 (14.29) 12 (85.71)

BMI
Underweight (≤18.4) 0 (0.00) 0 (0.00)
Normal (18.5–24.9) 0 (0.00) 2 (100.00) 0.865 0.649
Overweight (25.0–29.9) 2 (15.38) 11 (84.62)
Obese (≥30.0) 0 (0.00) 3 (100.00)

Table 5 – Association between depression and dynamic
balance recovery among stroke survivors (n = 18).

Good
balance

Poor
balance

x2 P value

n (%) n (%)

Depression status
Mild 2 (25.00) 6 (75.00)
Moderate 0 (0.00) 9 (100.00) 2.813 0.245
Severe 0 (0.00) 1 (100.00)

Depression status
Non-depressed 2 (25.00) 6 (75.00) 2.813 0.094
Depressed 0 (0.00) 10 (100.00)
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the complexity in recognizing, assessing, and diagnosing
depression.20 While most of the studies have based their
diagnosis on different rating scales, others have used a
structured interview format and the diagnostic standards
defined by International Classification of Diseases or the
Diagnostic and Statistical Manual of Mental Disorders.20 It is
important to recognize that rating scales were designed to
measure depression severity in primary depressive illness
rather than to diagnose depression itself, especially depres-
sion occurring as comorbidity. The correct attribution of
somatic symptoms to either PSD or stroke is a very relevant
issue, because such symptoms may affect rating scales. The
PHQ-9wasutilized tomeasure depression severity and founda
55.60% prevalence of depression in the stroke survivors.

Demographic variables are important determinants of
PSD.13–29 Similarly, in this study, the most important determi-
nants of depression were demographic variables like male
gender and age, though with no significant association. The
majority of the earlier studies13,14,16 had reported female
gender as being an important risk factor for PSD. However, in
contrast, male gender was an important determinant in this
study. This might be due to the low proportion of females in
the study population.

PSD in this study was not related to stroke lesion-related
parameters like age, type and side of lesion, and post-stroke
duration. This is in concordance with the majority of earlier
studies.13,14,28 However, one study each had reported site of
the lesion,21 younger age,13 and older age22 as being among the
important risk factors for PSD.

5.2. Dynamic balance recovery among stroke survivors

Majority of the patients showed poor dynamic balance
recovery implying that there is poor dynamic balance recovery
among the study population. At present, despite the abundant
available literature on functional recovery and balance post-
stroke, little about dynamic balance recovery in stroke
survivors. Particularly, the exact pattern, rate and extent of
recovery of dynamic balance in patients who have suffered an
episode of stroke, acute or chronic is yet to be determined. If
dynamic balance is to be taken as a component of balance, it
then follows that the results of previous works on functional
recovery and balance in stroke survivors23–34 can be extrapo-
lated to this present study.

Demographic variables like age and gender and stroke
lesion-related parameters like type of lesion, side of lesion and
post-stroke duration were not significantly associated with
dynamic balance recovery in this study.

Balance recovery in post-acute stroke in-patients is
characterized by a reduction in postural sway and instabili-
ty35 as well as by a reduction in visual dependency,
particularly with regard to frontal plane balance.36,37 These
restoration characteristics may be important factors under
lying the relearning of independent standing and walking
abilities. The clear lack of normalization for measures
reflecting static and dynamic aspects of postural asymmetry
suggests that the functional improvements in balance and
gait must be more related to other mechanisms than to the
restoration of support functions and equilibrium reactions of
the paretic leg.35

5.3. Relationship between depression and dynamic balance
recovery in stroke survivors

Although association between depression and dynamic
balance recovery in stroke survivors was not established,
interpretation of this finding is limited by the small sample
of a preliminary investigation instead of a well powered
experiment. There remain paucity of literature on the
relationship between depression and functional ability/
disability. Several investigations have been conducted, but
findings remain largely contradictory. Although relationship
between PSD and functional disability have been severally
suggested,17,37 Kong et al. concluded that PSD has no
relationship to functional disability.15 The contradictions
among difference researches could in part be explained by
differences in participants' characteristics. Future research
direction on relationships between PSD and dynamic
balance recovery need incorporate all the relevant patients'
variations that could intervene in the final outcome of
balance so that the final relationship with PSD is clearly
interpreted.

5.4. Limitations

This study been a pilot has some limitations. The major
limitation is small sample size, unequal gender distribution
and exclusion of patients with cognitive impairment. The
study population is therefore not representative of the general
stroke population. Another limitation to this study was the
study design. This study utilized a cross-sectional survey
research design, and as is typical of all cross-sectional surveys,
results got could not be used to infer cause–effect relationships
between the dependent and independent variables. Also, since
humans are susceptible to altering or modifying their
responses to life situations, consciously or unconsciously,
once they are aware they are being observed or examined, the
possibility that participants introduced some bias in the
provision of correct information required of them could not be
ruled out completely. The main study is underway to further
draw a generalizable regarding stroke depression and dynamic
balance recovery.

6. Conclusions

From the results and discussion presented in this study, the
following conclusions were made:

(1) There is a high prevalence of depression among stroke
survivors.

(2) There is poor dynamic balance recovery among stroke
survivors.

(3) Grossly limited sample size of the preliminary study
preclude power of the result, and makes it premature to
conclude on the relationship between depression and
dynamic balance recovery in stroke survivors from the
evidence of the present study. Adequately powered
study is needed to synthesize robust evidence regarding
depression and dynamic balance recovery in stroke
survivors.

p o l i s h anna l s o f m e d i c i n e 2 4 ( 2 0 1 7 ) 1 2 3 – 1 2 8 127



Conflict of interest

Authors have no conflict of interest to declare.

r e f e r e n c e s

1. Gryfe CI, Amies A, Ashley MJ. A longitudinal study of falls in
an elderly population: I. Incidence and morbidity. Age
Ageing. 1977;6(4):201–210.

2. Wild D, Nayak US, Isaacs B. Prognosis of falls in old people
living at home. J Epidemiol Commun Health. 1981;35(3):
200–204.

3. Baker SP, Harvey AH. Fall injuries in the elderly. Clin Geriatr
Med. 1985;1(3):501–512.

4. Tinetti ME. Performance-oriented assessment of mobility in
elderly patients. J Am Geriatr Soc. 1986;34(2):119–126.

5. Tinetti ME, Speechely M, Ginter SF. Risk factors for falls
among elderly persons living in the community. N Engl J
Med. 1988;319(26):1701–1707.

6. Nyberg L, Gustafson Y. Patient falls in stroke rehabilitation:
a challenge to rehabilitation strategies. Stroke. 1995;26
(5):838–842.

7. Yavuzer G, Eser F, Karakus D, Karaoglan B, Stam HJ. The
effects of balance training on gait late after stroke: a
randomized controlled trial. Clin Rehabil. 2006;20(11):960–969.

8. Robinson RG, Starkstein SE. Current research in affective
disorders following stroke. J Neuropsychiatry Clin Neurosci.
1990;2(1):1–14.

9. Starkstein SE, Robinson RG. Neuropsychiatric aspects of
cerebral vascular disorders. In: Yudoflky SC, Hales RE, eds.
The American Psychiatric Textbook of Neuropsychiatry.
Washington, DC: APA Press; 1992:449–472.

10. Keenan MA, Perry J, Jordan C. Factors affecting balance and
ambulation following stroke. Clin Orthop Relat Res.
1984;182:165–171.

11. Srivastava A, Taly AB, Gupta A, Murali T. Post-stroke
depression: prevalence and relationship with disability in
chronic stroke survivors. Ann Indian Acad Neurol. 2010;13
(2):123–127.

12. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a
brief depression severity measure. J Gen Intern Med. 2001;16
(9):606–616.

13. Paolucci S. Epidemiology and treatment of post-stroke
depression. Neuropsychiatr Dis Treat. 2008;4(1):145–154.

14. Hayee MA, Akhtar N, Haque A, Rabbani MG. Depression after
stroke-analysis of 297 stroke patients. Bangladesh Med Res
Counc Bull. 2001;27(3):96–102.

15. Cassidy E, O'Connor R, O'Keane V. Prevalence of post-stroke
depression in an Irish sample and its relationship with
disability and outcome following inpatient rehabilitation.
Disabil Rehabil. 2004;26(2):71–77.

16. Kong KH, Yang SY. Health-related quality of life among
chronic stroke survivors attending a rehabilitation clinic.
Singap Med J. 2006;47(3):213–218.

17. Paolucci S, Gandolfo C, Provinciali L, Torta R, Toso V. The
Italian multicenter observational study on post-stroke
depression (DESTRO). J Neurol. 2006;253(5):556–562.

18. House A, Dennis M, Mogridge L, Warlow C, Hawton K, Jones
L. Mood disorders in the year after first stroke. Br J Psychiatry.
1991;158:83–92.

19. Burvill PW, Johnson GA, Jamrozik KD, Anderson CS,
Stewart-Wynne EG, Chakera TMH. Prevalence of depression
after stroke: the Perth Community Stroke Study. Br J
Psychiatry. 1995;166:320–327.

20. Wrisley DM, Marchetti GF, Kuharsky DK, Whitney SL.
Reliability, internal consistency, and validity of data
obtained with the functional gait assessment. Phys Ther.
2004;84(10):906–918.

21. Herrmann N, Black SE, Lawrence J, Szekely C, Szalai JP. The
Sunnybrook Stroke Study: a prospective study of depressive
symptoms and functional outcome. Stroke. 1998;29(3):
618–624.

22. Robinson RG, Starr LB, Kubos KL, Price TR. A two-year
longitudinal study of post-stroke mood disorders: findings
during the initial evaluation. Stroke. 1983;14(5):736–741.

23. Głodzik-Sobańska L, Słowik A, Borratyńska A, Szczudlik A.
Depressive symptoms following ischemic stroke. Neurol
Neurochir Pol. 2003;37(1):17–25 [in Polish].

24. Bohannon RW, Smith MB, Larkin PA. Relationship between
independent sitting balance and side of hemiparesis. Phys
Ther. 1986;66(6):944–945.

25. Heilman KM, Bowers D, Valenstein E, Watson RT. The right
hemisphere: neuropsychological functions. J Neurosurg.
1986;64(5):693–704.

26. Horak FB, Shupert CL, Mirka A. Components of postural
dyscontrol in the elderly: a review. Neurobiol Aging. 1989;10
(6):727–738.

27. Studenski S, Duncan PW, Chandler J. Postural responses and
effector factor in persons with unexplained falls: results and
methodological issues. J Am Geriatr Soc. 1991;39(3):229–234.

28. Rode G, Tiliket C, Boisson D. Predominance of postural
imbalance in left hemiparetic patients. Scand J Rehabil Med.
1997;29(1):11–16.

29. Lord SR, Menz HB. Visual contributions to postural stability
in older adults. Gerontology. 2000;46(6):306–310.

30. Gauchard GC, Jeandel C, Perrin PP. Physical and sporting
activities improve vestibular afferent usage and balance in
elderly human subjects. Gerontology. 2001;47(5):263–270.

31. Shumway-Cook A, Woollacott MH. Motor Control: Theory and
Practical Applications. 2nd ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2001.

32. Ustinova KI, Chernikova LA, Ioffe ME, Sliva SS. Impairment
of learning the voluntary control of posture in patients with
cortical lesions of different locations: the cortical
mechanisms of pose regulation. Neurosci Behav Physiol.
2001;31(3):259–267.

33. Chen IC, Cheng PT, Chen CL, Chen SC, Chung CY, Yeh TH.
Effects of balance training on hemiplegic stroke patients.
Chan Gung Med J. 2002;25(9):583–590.

34. Bonan IV, Colle FM, Guichard JP, et al. Reliance on visual
information after stroke. Part I: Balance on dynamic
posturography. Arch Phys Med Rehabil. 2004;85(2):268–273.

35. Kopytko D, Kowalski PM. Balance disorders in children after
cranial–cerebral trauma with total damage to the vestibular
apparatus. Pol Ann Med. 2014;21(2):139–142.

36. de Haart M, Geurts AC, Huidekoper SC, Fasotti L, van
Limbeek J. Recovery of standing balance in post-acute stroke
patients: a rehabilitation cohort study. Arch Phys Med Rehabil.
2004;85(6):886–895.

37. Kiebzak W, Kowalski IM, Domagalska M, et al. Assessment
of visual perception in adolescents with a history of central
coordination disorder in early life-15-year follow-up study.
Arch Med Sci. 2012;8(5):879–885.

p o l i s h ann a l s o f m e d i c i n e 2 4 ( 2 0 1 7 ) 1 2 3 – 1 2 8128

http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0195
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0195
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0195
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0200
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0200
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0200
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0205
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0205
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0210
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0210
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0215
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0215
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0215
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0220
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0220
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0220
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0225
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0225
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0225
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0230
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0230
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0230
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0235
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0235
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0235
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0235
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0235
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0240
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0240
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0240
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0245
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0245
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0245
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0245
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0250
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0250
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0250
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0255
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0255
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0260
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0260
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0260
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0265
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0265
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0265
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0265
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0270
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0270
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0270
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0275
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0275
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0275
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0280
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0280
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0280
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0285
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0285
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0285
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0285
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0290
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0290
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0290
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0290
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0295
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0295
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0295
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0295
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0300
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0300
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0300
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0305
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0305
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0305
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0310
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0310
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0310
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0315
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0315
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0315
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0320
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0320
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0320
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0325
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0325
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0325
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0330
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0330
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0330
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0335
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0335
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0340
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0340
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0340
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0345
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0345
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0345
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0345
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0350
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0350
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0350
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0350
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0350
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0355
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0355
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0355
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0360
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0360
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0360
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0365
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0365
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0365
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0370
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0370
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0370
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0370
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0375
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0375
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0375
http://refhub.elsevier.com/S1230-8013(16)30012-1/sbref0375

	Depression and dynamic balance recovery among stroke survivors: A preliminary investigation
	1 Introduction
	2 Aim
	3 Material and methods
	3.1 Research design
	3.2 Data analysis
	3.3 Subjects description
	3.4 Measurements
	3.5 Procedure for data collection
	3.5.1 First step
	3.5.2 Second step
	3.5.3 Third step


	4 Results
	4.1 Demographics profile of stroke survivors
	4.2 Association between demographics, stroke characteristics, and balance recovery among stroke survivors
	4.3 Association between depression and dynamic balance recovery among stroke survivors

	5 Discussion
	5.1 Prevalence of depression among stroke survivors
	5.2 Dynamic balance recovery among stroke survivors
	5.3 Relationship between depression and dynamic balance recovery in stroke survivors
	5.4 Limitations

	6 Conclusions
	Conflict of interest
	References


