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Obijective: To investigate whether the Minimal Clinically Important Difference (MCID) clinically defines improvement of Berg
Balance Scale (BBS) scores in people with acute stroke in response to rehabilitation.

Design: Retrospective study.

Methods: Seventy-three participants with acute stroke participated in the study. Balance evaluation was performed using the
BBS. All patients received rehabilitation with physical therapy for 4 weeks, 5 times a week, for 2 hours and 20 minutes a day. An
anchor-based approach using the clinical global impression was used to determine the MCID of the BBS. The MCID was used to
define the minimum change in the BBS total score (postintervention-preintervention) that was needed to perceive at least a 3-point
improvement on the global rating of change. Receiver operating characteristic (ROC) curves was used to define the cut-off values
of the optimal MCID of the BBS in order to discriminate between improvement and no improvement groups.

Results: The optimal MCID cut-off point for the BBS change scores was 12.5 points for males with a sensitivity (Sn) of 0.62 and
a specificity (Sp) of 0.89, and 12.5 points for females with a Sn of 0.69 and Sp of 0.85. The area under the curve of the ROC curve
for all participants were 0.84 (95% confidence interval [CI], 0.72; 0.95, p<0.001), and 0.89 (95% CI, 0.77; 1.00, p<0.001),
respectively.

Conclusions: The MCID for improvement in balance as measured by the BBS was 13.5 points, indicating that the MCID does

clinically detect changes in balance abilities in persons with stroke.
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Introduction

Stroke is a central nervous system disease caused by fail-
ure of blood supply due to ischemia, hemorrhage, heart dis-
ease, and diabetes [1]. Stroke prevalence is the highest pro-
portion among the causes of mortality, and it is accompanied
with disorders and dysfunction according to the amount of
brain damage after survival. Approximately 85% of persons
with stroke experience hemiplegia and motor disorders [2].
Stroke survivors have emotional problems and neurological
symptoms, such as hemiplegia, visual impairment, sensory
deficits, dysphagia, cognitive dysfunction and dyskinesia,
ataxia, and depression depending on the degree of damage

[3]. In addition, stroke leads to changes in several factors,
such as normal postural tone, maintenance of balance, and
biomechanical characteristics of muscles associated with
muscle weakness. Impairments of body function is creates
difficulty with performing independent gait due to decreased
balance function, velocity, and endurance [4]. Thus, persons
with stroke have many difficulties, such as activities of daily
living, functional movement and balance ability [3].
Balance ability is mediated by the interaction of the sen-
sory, motor and cognitive systems. Reasons of loss of bal-
ance include various factors, such as muscle weakness, de-
creased sense of balance, decreased range of motion, ex-
acerbation and spasticity of the stretch reflex, and decreased
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motor function [4]. Those with stroke have many problems,
such as decrease in quality of life, avoidance of gait, in-
creased phobia of gait caused by balance disorders and im-
balance of weight-bearing [5,6]. A study reported that stroke
survivors have a higher frequency of falls compared with
healthy subjects [7]. In particular, the fall rate in persons
with acute stroke is 14.0%-64.5% [8].

Balance training is one of the most important training dur-
ing the early rehabilitation stage [S]. Motor and function rap-
idly recover within 3 months after stroke [9]. There are many
balance rehabilitation training methods, such as task-ori-
ented training, neurodevelopment therapy, proprioceptive
neuromuscular facilitation, progressive resistance training,
treadmill training, auditory feedback, virtual reality train-
ing, robotic rehabilitation training, range of motion training,
strengthening and aerobic exercises, functional electronic
stimulation therapy, constraint-induced movement therapy,
underwater treadmill training, and mirror therapy [1,2,5,10].
Persons with acute stroke need objective and systematic
evaluations and treatment to improve their balance ability
[11].

The Berg balance scale (BBS) is a fourteen-item scale that
assesses the balance ability and risk for falls in persons with
stroke by evaluation of their performance. The BBS supplies
information on balance ability as well as balance ability be-
fore and after intervention. Many studies reported that BBS
scores of those affected by stroke significantly improved af-
ter various interventions, indicating improved balance
[12-16]. However, statistical changes are not always mean-
ingful for patients [17].

The minimal clinically important difference (MCID) is
defined as the smallest difference in scores in the domain of
interest which patients perceive as beneficial and which
would mandate, in the absence of troublesome side effects
and excessive cost, a change in the patient’s management
[18]. In the past, the MCID has shown whether there was a
statistically significant difference. Although very small dif-
ferences can be noted statistically, it is not clinically
important. Therefore, the MCID is necessary to estimate the
minimum value of clinically important changes in scores in
order to know for clinical significance [19]. The MCID can
be calculated in various ways. However, the use of the
Patients Reported Outcome Measure (PROM) is recom-
mended, and the Global Rating of Change (GROC) is one of
the used PROM [19,20]. Using PROM to measure the re-
sults after intervention can help to minimum change amount
expected by the patients and provide patient-centered medi-

cal services. Also, use of PROM can utilize the quantitative
changes in the process of clinical decision making by the
medical staff, manager, and policy maker [21]. Many studies
using the GROC reported various assessment tools, such as
the Fugl-Meyer assessment, Barthel index, and velocity
[9,22-25]. The MCID of the BBS was 3 points in a study in
patients with multiple sclerosis [25]. However, this MCID
value cannot be applied to persons with stroke. The MCID
may vary by diseases, conditions and country. The MCID of
the BBS for persons with stroke has not yet been studied.
Therefore, investigations are needed to find the MCID of the
BBS for stroke survivors in Korea.

It is necessary to provide rehabilitation for persons with
stroke, estimate the MCID, and evaluate the result of im-
provement of balance ability as a patient-centered result.
Therefore, this study was conducted to investigate the
MCID of the BBS using GROC after interventions for per-
sons with acute stroke.

Methods
Participants

Participants were recruited from the Departments of
Physical Medicine and Rehabilitation of Wonkwang University
Hospital in Iksan between November 2017 and April 2018.
The inclusion criteria participants were as follows; 1) per-
sons with stroke caused by cerebral hemorrhage and cere-
bral infarction; 2) inpatients who were referred to physical
therapy; 3) time since the stroke onset is less than 3 months;
4) those who were age 18 years and older; 5) patients with
Mini-Mental State Examination-Korean (MMSE-K) scores
of 20 points or more. Persons with communication disorders
(e.g., aphasia, visual defect, hearing defect) and severe med-
ical problems (e.g., brain tumor, fracture, cardiovascular
disorders, respiratory problems, severe dizziness) and emo-
tionally unstable person were excluded. The sample size
was calculated to have a sensitivity (Sn) of 0.85, specificity
(Sp) of 0.70, and a positive likelihood ratio (LR+) of 2 [26].
A total of 73 participants were included in the study. This
study was approved by the Wonkwang University Institution
Review Board (Approval No. WKIRB-201803-BM-013).
Informed consent was obtained from all participants.

Procedure

This study was conducted at the university hospital,
which treats approximately 130 patients with stroke daily.
All participants received physiotherapy and occupational



104

Phys Ther Rehabil Sci 7(3)

therapy. The physical therapy program consisted of Neuro-
Developmental Treatment (NDT) for 30 minutes, functional
electrical stimulation using an electrical stimulator for 20
minutes, balance training and muscle strengthening ex-
ercises for 30 minutes using a continuous passive motion,
standing frame and stationary bicycle. The occupational
therapy program consisted of 20 minutes of postural control
training, 20 minutes somatosensory stimulation therapy and
20 minutes of exercise using therapeutic balls. The physical
and occupational therapy programs were provided once a
day for a total of 2 hours and 20 minutes a day, 5 times per
week, for 4 weeks. Eight physical therapists provided phys-
ical therapy to the patient. All 8 participating therapists were
certified in NDT. The therapists have 5-10 years of experi-
ence and treat approximately 14 patients per day.

Outcome measures

Balance performance measures

Balance was assessed using the BBS. The BBS consists of
14 items that examines the ability to sit, stand, reach, main-
tain single-leg stance, and turn. The performance of each
item is evaluated on a scale of 0 (cannot performance) to 4
(normal performance), with a maximum total score of 56.
Higher scores indicates good balance function. The BBS has
been used to assess balance in persons with stroke in a clin-
ical setting. Blum and Korner-Bitensky [11] have reported
that the BBS has strong internal consistency (Cronbach «
=0.92-0.98), interrater reliability (intraclass correlation co-
efficient [[CC]= 0.95-0.98), and intrarater reliability (ICC=
0.97) when used in persons with stroke. Baseline BBS
scores were assessed (patient’s admission to physical ther-
apy) and at follow-up (4 weeks after treatment) by a thera-
pist who was not involved in this study.

Balance perception change measures

The patients’ perceptions of the magnitude of change in
balance was rated using a 15-point GROC scale. After 4
weeks of treatment, a therapist who was not involved in this
study asked the patient the following questions: “Is there a
change in the current balance function compared to when
you started physical therapy?” If patients stated “no change”,
the score was rated as 0. If patients stated “better” or “worse”,
the patient was asked, “How much better or worse is your
balance function?”” Subsequently, we offered the 7-point re-
sponse options ranging from +7 (a very great deal better) to
+1 (a tiny bit better) for “better” and — 7 (a very great deal
worse) to — 1 (a tiny bit worse) for “worse” [26]. Somewhat

better (3 points) on the GROC scale was considered to be a
meaningful change perceived by the patient [27]. Patients
were dichotomized as improved participants with a change
of more than 3 points, and non-improved participants with a
change of less than 3 points on the GROC scale.

Data and statistical analysis

The frequency, mean and standard deviation of variables
were calculated. Age, height, weight, body mass index
(BMI), BBS scores, MMSE-K score and time from stroke to
admission to rehabilitation therapy program (stroke onset)
between improved participants and not-improved partic-
ipants were analysed using an independent t-test. The gen-
der, diagnosis and affected side between improved partic-
ipants and not-improved participants were analysed using
the x° test. The change in BBS scores was calculated by
subtracting the BBS scores obtained before treatment from
the BBS scores obtained at 4 weeks after the therapy
program. The BBS scores between improved participants
and not-improved participants were analysed using the
Mann-Whitney U-test. The correlation between the BBS
scores and the GROC scores was analyzed using a Spearman
correlation coefficient. The receiver operating characteristic
(ROC) curve was used to obtain the MCID of the BBS score.
Optimal cutoff values were determined at the point of the
greatest Sn and Sp. The accuracy of the cut-off value was
discriminated by the area under the curve (AUC) from the
ROC curve and LR+.

Results

Eighty-five participants with stroke were recruited in the
study, but 12 of them were excluded because they had an
MMSE-K score lower than 20. Seventy-three patients par-
ticipated in the study, and all of them had completed the
treatment sessions from the initial time and up to 4 weeks, as
well as the follow-up assessments. Demographic and clin-
ical characteristics of the participants are presented in Table
1. Participants were a mean age of 63.94 years old and 47
participants (64.4%) were men. Sixty-nine participants
(94.5%) had cerebral infarction. There were 45 participants
(61.6%) who had left hemiplegia, 17 participants (23.3%)
had right hemiplegia, and 11 participants (15.1%) had bi-
lateral hemiplegia. The mean time from stroke to admission
to rehabilitation therapy was 1.79 months, indicating that the
participants were in acute stage.

Forty-two participants (57.5%) rated their balance func-
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Table 1. Demographic and clinical characteristics of the participants (N=73)
. _ Improved participants Not-improved participants
Variable Total (n=73) (n=42) (n=31) p-value
Age (y) 63.94 (12.78) 63.90 (11.35) 64.74 (14.45) 0.238*
Height (cm) 168.57 (6.70) 165.69 (6.57) 165.13 (8.05) 0.266*
Weight (kg) 66.81 (10.86) 65.21 (11.45) 61.97 (11.85) 0.242*
Body mass index (kg/m’) 23.48 (3.33) 23.72 (3.66) 22.62 (3.30) 0.189*
Gender
Male 47 (64.4) 29 (39.7) 18 (24.7) 0.459%*
Female 26 (35.6) 13 (17.8) 13 (17.8)
Diagnosis
Cerebral infarction 69 (94.5) 39 (53.4) 30 (41.1) 0.467**
Cerebral hemorrhage 4 (5.5) 3(4.1) 1(1.4)
Affected side
Right side 17 (23.3) 12 (16.4) 5(6.8) 0.012%*
Let side 45 (61.6) 29 (39.7) 16 (21.9)
Both side 11 (15.1) 1(1.4) 10 (13.7)
Stroke onset” (mo) 1.79 (0.55) 1.69 (0.52) 2.00 (0.45) 0.009*
MMSE-K score 23.87 (2.29) 23.93 (2.00) 24.13 (2.66) 0.726*
Values are presented as mean (SD) or n (%).
MMSE-K: Mini-Mental State Examination-Korean.
“Time from stroke to admission to rehabilitation therapy program.
*p-value from independent t-test, **p-value from x > test.
Table 2. BBS score at baseline, 4 weeks follow-up and change score in patients with acute stroke (N=73)
. _ Improved participants Not-improved participants ;
Variable Total (n=73) (n=42) (n=31) p-value
BBS at baseline 14.19 (9.99) 15.93 (9.30) 11.26 (8.84) 0.014*
BBS at follow-up 28.00 (14.37) 33.76 (9.30) 17.00 (9.98) 0.000*
BBS change score 13.81 (10.62) 17.83 (9.19) 5.74 (6.36) 0.000*

BBS: Berg balance scale.
*Mann-Whitney U-test.

tion as more than 3 points (somewhat better), and thirty-one
participants (42.5%) rated their balance function as less than
3 points after treatment for 4 weeks. Of the 32 not-improved
participants, 7 participants (9.6%) rated no change and 8
participants (11.0%) rated themselves as worse.

There were no significant differences in age, height, weight,
BMI, gender, cerebral hemorrhage, cerebral infarction and
MMSE-K scores between the improved and not-improved
participants.

The mean MMSE-K score was 23.87, representing mild
impairments in cognition level. In the not-improved partic-
ipants group, the stroke onset was longer (p<0.01), and the
number of participants with bilateral hemiplegia was higher
(»<0.05).

The mean BBS score before treatment was 14.19, demon-

strating that the balance function was low. The BBS baseline
score of not-improved participants were significantly lower
(»<0.05) than the improved participants. The BBS scores af-
ter 4 weeks of treatment and the BBS change scores were
significantly higher in the improved participants group than
the not-improved participants group (p<0.001) (Table 2).
Significant correlations were found between the GROC
score and BBS score after 4 weeks treatment (r=0.61,
p<0.01) and the GROC score and the BBS change scores
(r=0.69, p<0.01). The MCID results were associated with
the AUC, Sn, Sp and LR+ for persons with acute stroke
(Table 3). The MCID of the BBS change scores was 12.5
points in persons with acute stroke with a Sn of 0.64 and Sp
0f 0.87. The AUC of'the ROC curve was 0.86 (95% CI, 0.77;
0.94, p<0.001), indicating moderate accuracy (Figure 1).
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Table 3. MCID estimates for BBS scores, AUC, Sn, Sp, and positive likelihood ratio for LR+ (N=73)
Variable MCID AUC (95% CI) p-value Sn Sp LR+
Total (n=73) 12.5 0.86 (0.77, 0.94) 0.000 0.64 0.87 4.98
Male (n=47) 12.5 0.84 (0.72, 0.95) 0.000 0.62 0.89 5.59
Female (n=26) 12.5 0.89 (0.77, 1.00) 0.001 0.69 0.85 4.50

MCID: minimal clinically important difference, BBS score: Berg balance scale, AUC: area under the curve, Sn: sensitivity, Sp: specificity, CI:

confidence interval, LR+: positive likelihood ratio.

The MCID of the BBS change scores was 12.5 points in
male participants with a Sn of 0.62 and Sp of 0.89, and 12.5
points in female participants with a Sn of 0.69 and Sp of
0.85, The AUC of the ROC curve for male and female par-
ticipants was 0.84 (95% confidence interval [CI], 0.72; 0.95,
p<0.001) and 0.89 (95% CI, 0.77; 1.00, p<0.001),
respectively.

Discussion

Using the PROM has many advantages that patients sat-
isfy participation in personal problems and goals, and effec-
tive physical therapy, which can be better offers greater ben-
efits to physical therapist [21,28,29]. Thus, patient-centered
care is recommended and generalized in clinical practice.
Previous studies have also recommended patient-centric
care [30]. Patient-centered care has the advantage where pa-
tients increase their outcome, information of disease, and re-
ducing costs associated with intervention [31-33]. Therefore,
our study has determined a clinically meaningful improve-
ment of balance in persons with acute stroke. The MCID of
the BBS in our study was 12.5 points. This score is in-
terpreted as an increase by 12.5 points or more is a clinically
meaningful improvement in balance.

In our study, the anchor-based MCID of the BBS was
12.5 points and the distribution-based MCID of the BBS
was 5.24 points. The difference of the anchor-based MCID
and distribution-based method was 8.26 points. The results
indicate an important reason for the use of the PROM in the
clinical setting. If a BBS assessment score increases above
5.24 points, the therapist will think that he has achieved the
treatment goals of improved patient balance. However, mo-
tivation, treatment reliability and treatment satisfaction is
reduced because the improvement of 5.24 points is different
from the evaluation of patients. In conclusion, stroke has a
negative impact on balance and function.

In the previous study, satisfaction with medical care was
closely related to age and physical function [34]. The results

sensitivity

00— T T T T T
00 02 04 06 08 10

1 - specificity
Figure 1. Receiver operating characteristic curve and area under
the curve (AUC) considering the categorization of more than or
less than 3 points of improvement on the global rating of change
scale. AUC is 0.86 (p<0.001). The minimal clinically important
difference was calculated the point on the curve closedt to the up-

per left-hand corner of the graph which represents the point of opti-
mal sensitivity and specificity.

of our study are in agreement with the previous study. The
interaction of satisfaction and age was found to be 2.71
points for the group who were 64 years of age or less, 3.44
points for the average score of GROC for the 65 to 74 years
of age group, and 1.41 points for the GROC group that was
above 75 years of age. The results of the interaction between
satisfaction and the physical function, the average change of
the BBS before and after intervention was 13.74 points for
the group under 64 years old, 15.19 points for those who
were 65 to 74 years old, and 8.53 points for those who were
above 75 years old. The results confirm that the BBS score
change ranking and GROC ranking are consistent with each
group. In our study, it was confirmed that the better the sat-
isfaction level of the patient, the better the balance ability,
rather than age.

People experience differences in status and opportunities
between men and women. The process continues and accu-
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mulates until old age, and there may be differences in health
status [35]. Therefore, we investigated the MCID according
to gender. Previous studies reported that men have a sig-
nificantly higher ability to maintain balance than normal
women [36]. However, there was no difference in the dy-
namic and static balance between genders in persons with
stroke [37]. In our study, there was no difference in the
MCID between the male and the female participants. The
accuracy of the MCID was moderate based on the AUC
from ROC curve.

There are a few limitations in our study. It is difficult to
generalize the results to all age groups because the age of the
subjects is high. No re-evaluation with follow-up was made.
In addition, it is difficult to generalize and to apply the re-
sults to persons with chronic stroke since this study included
participants with acute stroke. Thus, anchor-based MCID
values should be identified not only for acute and elderly pa-
tients but also for persons with chronic stroke in future
studies.

This study provides the MCID of the BBS in persons with
acute stroke. We established that the MCID of the BBS was
12.5 point in persons with acute stroke who are undergoing
rehabilitation. This MCID value can be useful for therapists
to determine whether or not the BBS change scores have
reached a clinically meaningful change.
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