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Objectives: This study investigates the reliability and validity of the Iranian version of the 
Fullerton advanced balance (FAB) scale in children with higher gross motor function cerebral 
palsy (CP).

Methods: A total of 56 children with CP (6.59±1.84 years) were diagnosed with level I or II 
adhering to the gross motor function classification system and 56 healthy children who matched 
them with age and gender contributed to this cross-sectional study. The Iranian version of the 
FAB and The Persian version of the pediatric Berg balance scale (PBBS) were completed. The 
internal consistency, test-retest reliability, content, discrimination, and concurrent validity of 
the Iranian version of the FAB were examined in children with higher gross motor function CP.

Results: Good test re-test reliability (intraclass correlation coefficient=0.99), excellent 
internal consistency (Cronbach α coefficient=0.98), standard error of the mean=0.22, 
minimal detectable change=1.83 and statistical disclosure control=0.61 were found for the 
Iranian version of FAB. All items had good content validity. The Spearman rank correlation 
coefficients between the Iranian version of the FAB and the PBBS indicated good concurrent 
validity (r=0.91, P<0.001). The area under the curve (AUC) of 0.96 (95% CI, 0.93%, 0.99%) 
and a cut-off value of 31.5 (sensitivity: 0.89 and specificity: 0.11) of the Iranian version of the 
FAB were detected.

Discussion: The Iranian version of the FAB could be useful as a valid and reliable tool for 
assessing balance function in children with CP; however, it is more concise and requires less 
time to execute. 
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Highlights

● The Iranian -Fullerton advanced balance scale (FAB) is a valid and reliable tool for assessing balance function in 
children with higher function cerebral palsy (CP).

● The Iranian-FAB can detect the higher function children with CP and healthy children.

● There is good Concurrent validity between the Iranian version of FAB and Berg balance scale (BBS).

Language Summary

This study investigated the reliability and validity of the Iranian version of the FAB for children with CP. The results 
supported an acceptable internal consistency, and test re-test reliability for the FAB. The FAB has been translated and 
validated in different languages: Korean, Turkish and German. Our results revealed similar or close internal consis-
tency and test re-test reliability compared to the Korean study on children with CP (test re-test=0.99, internal consis-
tency with Cronbach α=0.92) as well to the Turkish version for children with CP (test re-test=0.99, internal consistency 
with Cranach α=0.94) and other studies with elderly on originally version (test re-test=0.96), Iranian version (test re-
test=0.97, internal consistency with Kappa coefficient=0.8) and Korean version (test re-test=0.96, internal consistency 
with Cronbach α=0.98). This result may be related to the appropriate time interval of test re-test, good structure of 
questions for understanding and performing, and easy scoring instructions of the Iranian version of the FAB.

Introduction

erebral palsy (CP) is a stable neurological 
impairment with critical impairments in 
muscle tone, postural control and balance 
[1]. Balance is the capacity to manage 
the mass centroid in association with the 

supporting base [2]. Various requirements are needed to 
control balance: Musculoskeletal elements, internal rep-
resentation, cognitive process, adaptive procedures, an-
ticipatory process, sensory strategies, individual sensory 
organizations, and neuromuscular systems [3]. Balance 
is vital for all movements and poor balance control is a 
major underlying factor of limitation in activity (school 
function, independence in activity of daily living and 
manipulatory skills), increased risk of falls and partici-
pation restriction (social events, playground and school) 
in children with CP [3]; therefore, a balanced assessment 
that is sound, easy to administer, reliable, valid and can 
estimate multiple dimensions of balance, necessitates 
justification and illustration of the effectiveness of bal-
ance intervention, and other functional skills and predict 
the risk of falls in children with CP [3].

Several clinical and technological assessments have 
been utilized to evaluate balance in these children. Tech-
nological tests are expensive and complicated to ad-
minister in clinical practice [4]. Many clinical balance 
assessments have been designed for adults, however, 
they have acceptable content and set up for evaluating 

balance skills in children, are easily applicable and need 
few pieces of equipment, but have critical limitations for 
application in children with CP; for instance, time up 
and go test assesses the dynamic balance in walking not 
static balance; functional reach tests only measure antici-
patory control in forward reach [5]. Berg balance scale 
(BBS) [6] or pediatric BBS (PBBS) [3] are reliable tools 
to evaluate balance in children with neurological impair-
ments which are translated into several languages, but 
they cannot measure balance in higher functioning chil-
dren aged more than 6 years related to their inclination to 
exhibit ceiling effects, furthermore, they cannot evaluate 
numerous dimensions of balance such as impairments in 
sensory systems like vestibular or visual systems have an 
essential role in balance control [3, 7].

Rose et al. developed the Fullerton advanced balance 
(FAB) [8]. The FAB is a performance and functional-
based measure to determine proper changes in the bal-
ance abilities. It consists of items to assess static and 
dynamic balance situations, besides anticipatory and re-
active postural control of balance [8, 9]. It has ten items 
with five subscales ordinal scale, the scores range from 
0 to 40: A score of 40 is considered perfect balance and a 
score of 25 or less is conveyed as poor balance or a high 
risk of falling [8].

C
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The Persian [10], Korean [11], German [12] and Turkish 
[13] for evaluating balance skills in high-performing old-
er individuals [14], breast cancer [15], Parkinson [16] and 
children with CP are translated versions of FAB [17, 18].

Nevertheless, Iranian version of the FAB is a proper 
tool for evaluating balance function in adult or elderly 
people; evidence of the psychometric criteria of the 
Iranian version of the FAB scale for children with CP 
has not been verified yet. Consequently, it is essential to 
evaluate the reliability and validity of the Iranian version 
of the FAB to ensure it is a proper test for the estimation 
of balance function in children with CP.

Materials and Methods

A cross-sectional study was designed to examine the va-
lidity and reliability of the Iranian version of the FAB 
in children with CP. This study was performed in three 
steps: 1) Translation (final step of the Beaton guideline) 
[19]; 2) The internal consistency (Cronbach α coef-
ficient), test re-test (intraclass correlation coefficient 
[ICC]) reliability and 3) Content, discriminate (receiver 
operating curve analysis) and concurrent (compared to 
the PBBS) validity.

Study participants 

In this study, 56 children with CP in the University re-
habilitation centers (Equation 1) and 56 healthy children 
who matched with the first group by age and gender in 
kindergartens and elementary schools were recruited. 
The inclusion criteria for children with CP were the chil-
dren diagnosed with spastic CP of level I-II according 
to the gross motor function classification system (GMF-
CS), aged between 3 and 9 years old, capable of walking 
independently with or without aids, with no history of 
surgical procedures or Botulinum toxin injection within 
the six months leading up to the study and not being a 
suitable candidate for such injections or surgeries. Ad-
ditionally, they had to be able to comprehend oral state-
ments. All children with vision or hearing defects and 
suffering from out-of-controlled epilepsy or other mus-
culoskeletal and mental health disorders were excluded. 
Demographic and clinical characteristics of the children 
in the two groups are presented in Table 1. 

Sample size estimation for the study (Equation 1)

1. 

Note: PI=0.9, ω=0.1, k=2, ICC=0.90.

Study measures

The demographic questionnaire which developed by 
the research team, contained demographic data, namely 
age, gender, level of GMFCS and type of CP.

PBBS

The PBBS consists of 14 items, featuring five ordi-
nary scale options that span from 0 to 4 with a maxi-
mum score of 56, representing the intact balance [20]. 
The standard error of measurement (SEM) for both the 
inter-rater reliability (ICC=0.99) and the test re-test reli-
ability (ICC=0.99), of the Persian version of PBBS, was 
acceptable [21]. 

The gross motor function classification system

The Persian-GMFCS was used to determine the gross 
motor level of children with CP [1]. The GMFCS in-
cludes five separate levels of motor skill: At level I chil-
dren can walk without restriction, while those at level V 
require a wheelchair for mobility [22]. The test re-test 
reliability (G=0.79) and interrater reliability (G=0.93) of 
GMFCS were confirmed [22].

FAB scale

The FAB was designed as a multi-item balance evalu-
ation tool for postural control evaluation in older adults 
with normal social activity. It encompasses a total of 
ten items scored based on a 5-point ordinal scale (rang-
ing from 4 to 0), with ten tasks. The 40 scores indicate 
independent performance, while the 25 scores or less 
indicate an inability to perform the balance task which 
means the falling risk is at a high level. It is quick and 
easy to administer, requiring minimal space, and simple 
equipment, and takes 10–12 min to complete [8, 14, 23]. 
The original version of FAB for adults has shown high 
test re-test reliability (r=0.96) and inter-rater reliability 
(r=0.92), with good correlation with the BBS (r=0.75, 
P<0.001) [8, 14, 23]. In this study, the Iranian version 
of the FAB, which has excellent test re-test reliability 
(ICC=0.97, P<0.001, 95% CI, 0.90%, 0.98%) and inter-
rater reliability (ICC=0.92, P<0.001, 95% CI, 0.89%, 
0.96%) in older adults was used [10].

Statistical analysis

The data were analyzed at P<0.05 the statistical signifi-
cance level by IBM SPSS software, version 21. Demo-
graphic data were shown as to frequency, percentage, 
mean, and standard deviation. Psychometric properties 
of the Iranian version of the FAB, containing internal 
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consistency, test re-test reliability (ICC [95% CI]), con-
tent, concurrent (compared to the PBBS) validity, and 
discriminate ability, were also reported. 

Translation for CP population

Azad et al. translated the FAB into the Persian language 
according to the international quality of life assessment 
[10]. In this study, the process of translation for FAB 
in children with CP was performed based on only the 
final step of the Beaton guideline (cognitive debriefing 
and pre-testing step) [19]. This step involved using the 
cognitive interview method to investigate each patient’s 
understanding of the Iranian version of the FAB items, 
determining cognitive equivalence, and conducting de-
briefing. The Iranian version of the FAB was tested on 
10 children with CP (three boys and seven girls) to as-
sess its relevance, comprehensiveness and clarity.

Reliability

ICC and Cronbach α were calculated for the determina-
tion of the reliability and internal consistency, respectively. 
Test re-test reliability was assessed by performing the Ira-
nian version of the FAB two times at two-week intervals. 
ICC was scored on a range of 0-1, interpreted as good 
with >0.7 [24]. Meanwhile, the Cronbach α coefficient 
is interpreted as excellent (α>0.90), good (0.80-0.90), ac-
ceptable (0.70-0.80), questionable (0.60-0.70), poor (0.50-
0.60) and unacceptable (α<0.50) [25]. Minimal detectable 
change (MDC=1.96 ×2√SEM). that is the smallest change 
score beyond random error, standard error measurement 
(SEM=SD√[1–ICC]) and the smallest detectable change 
(SDC=2.77×SEM) were computed [26].

Content and concurrent validity

Content validity was evaluated based on the Lawshe 
model by 12 experts (two physiotherapists and 10 oc-
cupational therapists) in convenience sampling [27]. The 
content validity was estimated by computing the content 
validity ratio (CVR) and content validity index (CVI) 
for all items [27]. The necessity of the questionnaire 
items was rated on a triple Likert scale from “it is neces-
sary,” “it is useful but not necessary” and “unnecessary.” 
Meanwhile, the CVR was calculated using Equation 2.

Content validity ratio (Equation 2)

2. CVR= Ne-N/2
N
2

 

Note: Ne: The number of experts indicating “essen-
tial”; N: The total number of experts.

The experts analyzed the items about relativity, sim-
plicity, and clarity using a 4-point Likert scale from 1 
(the lowest) to 4 (the highest). Afterward, the CVI was 
computed for each item using Equation 3.

Content validity index (Equation 3)

3. CVI=Number of experts who rated the item as 3 or 4
Number of experts

The concurrent validity of the Iranian version of the 
FAB was computed by calculating the Spearman rank 
correlation coefficients to quantify the relationship be-
tween Iranian version of the FAB and PBBS, which >0.7 
was interpreted as good concurrent validity [28].

The area under the curve (AUC) derived from receiver 
operating curves (ROC) was used to discriminate the va-
lidity of the FAB to test the ability of the FAB to distin-
guish between the higher function children with CP and 
healthy children. The AUC values were explained as fol-
lows: AUC=0.50: No discrimination; 0.70≤AUC<0.80: 
Acceptable discrimination; 0.80≤AUC<0.90: Excellent 
discrimination; and AUC≥0.90: Outstanding discrimina-
tion [29]. The best cut-off value for the total score was 
calculated based on Youden’s index [30].

Study procedure

The agreement was received from Rose, developer of 
the FAB [8] and Azad [10], the translator of the FAB to 
the Persian language. The implementation of the study 
was explained to children and their parents, voluntary 
written consent was attained and assured them that all in-
formation would be maintained in strict confidentiality. 

Two expert occupational therapists interviewed the 
parents of the children and gathered the demographic 
data, determined the children’s level of gross motor 
function using GMFCS. The children with CP eligibil-
ity were tested by the Iranian version of the FAB and 
PBBS in the center where they were treated. To investi-
gate the scale’s discriminative validity, healthy children 
who matched with age and gender in kindergartens and 
elementary schools were also tested by the Iranian ver-
sion of the FAB and PBBS. Finally, 17 children with CP 
were tested for the Iranian version of the FAB two weeks 
later again to study its test re-test reliability.
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Results

The demographic characteristics of the 112 participants 
in the two groups (CP group and healthy group) are giv-
en in Table 1.

Translation for CP population 

The result of the final step of the Beaton guideline in-
dicated that all children who participated in this study 
understood all the Iranian version of the FAB items with 
no difficulty.

Reliability

The ICC item was 0.98, >0.75, indicating good reli-
ability of the test [24]. The Cronbach α coefficient in 
this study was found to be 0.99. This value is more than 
0.70, which indicates the excellent internal consisten-
cy of the test [25]. The SEM: 1.86×0.11=0.22, MDC: 
1.96×0.93=1.83, SDC: 2.77×0.22=0.61 were founded 
for Iranian version of the FAB. 

Content, concurrent validity and discriminate 
ability

The results of CVI and CVR scores have been listed in 
Table 2. The CVI and CVR values were between 0.83 
and 1, which is acceptable. Therefore, all items have 
good content validity. The Spearman rank correlation 
coefficients between the Iranian version of the FAB 
and PBBS indicated good concurrent validity of the Ira-
nian version of the FAB (r=0.91, P<0.001). Regarding 
discriminate validity, the value of AUC was 0.96 (95% 
CI, 0.93%, 0.99%) which shows excellent discrimina-
tion, the score of 31.5 of the FAB had the best sensitivity 
(0.89), specificity (0.11) cut-off value to detect the higher 
function children with CP and healthy children (Figure 
1). Furthermore, the value of AUC was 0.94 (95% CI, 
0.93%, 0.98%) which shows excellent discrimination, 
the score of 49.5 of the P-PBS had the best sensitivity 
(0.78), specificity (0.04), cut-off value to detect the chil-
dren with CP and healthy children (Figure 2). 

Discussion

The main goals of this research were to investigate the 
reliability and validity of Iranian version of the FAB for 
children with CP. The results showed an acceptable in-
ternal consistency, and test re-test reliability for the Ira-
nian version of the FAB. The FAB has been translated 
and validated in different languages: Korean [18], Turk-
ish [13] and German [12]. Our results revealed similar 

or close internal consistency and test re-test reliabil-
ity compared to the Korean study on children with CP 
(test re-test=0.99, internal consistency with Cronbach 
α=0.92) [18], as well as the Turkish version for children 
with CP (test re-test=0.99, internal consistency with 
Cronbach α=0.94) [17] and other studies with elderly on 
originally version (test re-test=0.96) [8], Persian version 
(test re-test=0.97, internal consistency with Kappa coef-
ficient=0.8) [10] and German version (test re-test=0.96, 
internal consistency with Cronbach α=0.98) [12]. These 
results could be related to the appropriated time-space 
of the test re-test [23], good structure of questions for 
understanding and performing, and easy scoring instruc-
tion of the FAB [31].

We found a good correlation between Iranian version 
of the FAB and PBBS (r=0.91) for children with CP in 
a manner similar to that reported in the Turkish version 
(r=0.91) [17] and Korean version (r=0.60) for children 
with CP [18]. These findings indicated that the FAB and 
PBBS represent a similar structure due to containing the 
similar items. However, five items of FAB (items 1, 2, 3, 
5, 6) are within the PBBS items, but they have different 
purposes. The PBB generally assesses static balance and 
anticipatory postural control, whereas the FAB assesses 
static and dynamic balance control, sensory orientation, 
anticipatory and reactive postural control [8]. The FAB 
was developed as a multinational balance scale for func-
tionally independent older adults [8]. The results of fac-
tor analysis and Rasch analysis model in an earlier study 
explained two dominant factors as stationary and semi-
dynamic balance and stability of gait for children with 
CP [18], as well as Erturan et al. reported all 10 items 
of FAB for the higher function children with CP define 
a one-dimensional scale of balance [17]. Moreover, the 
result of our study lined up with other previous studies: 
Regarding total scores of the PBBS was higher them the 
total score of the FAB which stated that FAB includes 
items to assess reactive postural control, vestibular, vi-
sual and tactile sense, in additional items of BBS and 
PBBS (in all version and population) are relatively easier 
than the FAB’s items. 

The Iranian version of the FAB indicated high sensitiv-
ity to discriminate children with CP and healthy children 
in our study. The PBBS and FAB scales’ comparable ac-
curacy identified functional balance ability between the 
higher function children with CP and healthy children 
with AUC of 0.94 and 0.96, respectively. In the PBBS a 
cut of point 49.5 points provided optimal sensitivity of 
0.78 and specificity of 0.04. In the FAB scale, a cut of 
point 31.5 points provided an optimal sensitivity of 0.89 
and a specificity of 0.11.
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Kim et al. reported an AUC value of 0.79, the optimal 
cut-off point of 45.5 points (sensitivity=0.90, specific-
ity=0.64) of PBBS in children with CP. However the 
AUC value of 0.76, the optimal cut of point of 21.5 
points (sensitivity=0.90, specificity=0.62) of FAB in 
children with CP (age of 11.4±3.5 to 11.4±2.5 years) 
[32]. Franjoine et al. showed a cut of points from 23.3 
points to 54.6 points (age of 2 years 4 months 13 years 

7 months) in healthy children [7]. These controversies 
may be related to the age and balance level of partici-
pants. These studies demonstrated that the FAB with the 
more challenging and more difficult items than PBBS, 
furthermore both scales show high sensitivity versus low 
specificity. In this study, the higher cut of points of FAB 
may be related to the age of children (3-9 years).

Table 1. Demographic characteristics of the children (n=112)

Variables
No. (%)/Mean±SD

P
CP (n=56) Healthy (n=56)

Gender
Boys 32(57.14) 32(57.14) 1a

Girls 24(42.86) 24(42.86)

Age (y) 6.59±1.88 6.45±1.84 0.13b

Type of CP
Hemiplegia 31(55.36)

Diplegia 25(44.64)

Level of GMFCS
I 27(48.23)

II 29(51.77)

Balance scores
Berg 36.12±10.02 52.73±4.73

FAB 22.69±7.69 37.01±3.52

 

Abbreviations: CP: Cerebral palsy; GMFCS: Gross motor function classification system; FAB: Fullerton advanced balance scale; 
Berg: Berg balance scale.

aThe chi-square test, b The t-test. 

Table 2. The CVI and the CVR

Items CVI CVR

1 1 1

2 0.83 1

3 0.8 0.83

4 0.86 1

5 0.97 1

6 1 1

7 0.97 0.83

1 1 0.83

9 0.97 0.83

10 0.83 0.83
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Figure 1. ROC curve for the P-FAB (AUC value is 0.96; 95% CI, 0.93%, 0.99%)

ROC: Receiver operating characteristic; AUC: Area under the curve; FAB: Fullerton advanced balance scale.

Figure 2. ROC curve for the PBBS (AUC value is 0.94; 95% CI, 0.93%, 0.98%)

Abbreviations: ROC: Receiver operating characteristic; AUC: Area under the curve; PBBS:  Pediatric Berg balance scale.
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Conclusion

This study was performed to investigate the reliability 
and validity of Iranian version of the FAB in higher gross 
motor function children with CP. The Iranian version 
of the FAB as a valid and reliable test can evaluate the 
balance of children functionally; nevertheless, it is more 
concise and requires less time and space for adminis-
tration. This scale had a good positive correlation with 
PBBS.

Study limitations

This study had some limitations. We did not assess 
the floor and ceiling effects, whereas all items of the 
Turkish version of FAB were found adjust to the Rasch 
model, we did not reanalysis of the on the whole model 
and individual item fit. Conducting more comprehen-
sive investigations is essential to recognize the item 
difficulty of the Iranian version of the FAB in children 
with CP in different types and different levels of bal-
ance function. Moreover, this question has remained 
whether the Iranian version of the FAB scale signifi-
cant predictive measure of fall risk in the higher func-
tion children with CP.
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