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Abstract 

Purpose: Evaluate validity of the Clinical Test of Sensory Integration of Balance 

(CTSIB) when scored using Kids-Balance Evaluation Systems Test (Kids-BESTest) 

criteria compared to laboratory measures of postural control. 

 

Method: Participants were 58 children, 7-18 years, 17 with ambulant CP (Diplegia=4, 

Hemiplegia=13; 11 males) and 41 typically developing (TD). Postural control in 

standing was assessed using CTSIB items for firm and foam surfaces, with eyes open 

(EO) then closed (EC). Face validity was evaluated by comparing clinical Kids-

BESTest scores between groups, from 0=‘unable’ to 3=‘stable for 30s’. Concurrent and 

content validity were assessed by evaluating force plate centre-of-pressure (CoP) data 

(excursion, velocity, area) and correlating this with clinical scores. 

 

Results: Face validity: TD children scored 2-3 points for all CTSIB conditions, whereas 

children with CP scored lower (0-3 points). Concurrent validity: agreement between 

clinical and CoP derived scores ranged from poor to excellent (Firm-EO=76%, Firm-

EC=76%, Foam-EO=59%, Foam-EC=94%). Clinical scores of ‘2-unstable’ and ‘3-

stable’ were not distinguished reliably by force plate measures. Content validity for 

children with CP: significant correlations were found between clinical scores and CoP 

data for the two intermediate conditions (Firm-EC: rs -0.40 to -0.72; Foam-EO: rs -0.12 

to -0.50), but not the easier (Firm-EO: rs -0.41 to -0.36) or harder conditions (Foam-EC: 

rs -0.25 to -0.27).  

 

Conclusion: Face validity of Kids-BESTest CTSIB criteria was supported. Content and 

concurrent validity were partially supported. To improve Kids-BESTest scoring, new 

terms were recommended to better describe postural characteristics of ‘2-unstable’. 
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Abbreviations 

Antero-posterior (AP) 

BOS (Base-of-support) 

Cerebral Palsy (CP) 

CoM (Centre-of-Mass) 

CoP (Centre-of-pressure) 

CTSIB (Clinical Test of Sensory Integration of Balance) 

EO (Eyes open) 

EC (Eyes closed) 

Kids-Balance Evaluation Systems Test (Kids-BESTest) 

Medio-lateral (ML) 

Typically Developing (TD) 

 

Key words: Cerebral Palsy; Postural Balance; School-aged population; Validation 

studies. 

 

Implications for Rehabilitation  

• Face validity of the Kids-BESTest criteria for the CTSIB was confirmed.  

• The Kids-BESTest criteria for the CTSIB can identify children with atypical 

postural control. 

• Concurrent validity and content validity were partially supported, since children 

with CP resorted to a range of different balance strategies when ‘unstable’. 

• To improve CTSIB items in the Kids-BESTest, our data supports inclusion of 

five criteria descriptors to help discriminate performance of children who are 

‘stable’ versus ‘unstable’. 
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Introduction 

In children with Cerebral Palsy (CP), sensory system dysfunction may contribute to 

poor control of orientation (alignment of body segments) and/or balance (maintaining 

center-of-mass [CoM] within the base-of-support [BoS]) during standing [1-3]. There 

are a number of clinical assessments of postural control available to assess aspects of 

standing orientation and balance for children with CP, however, these assessments lack 

validity data in comparison to laboratory measures [4]. The Clinical Test of Sensory 

Integration of Balance (CTSIB) was developed to assess the relative contribution of 

visual, vestibular and proprioceptive systems towards postural control in quiet stance in 

adults [5] and it has been adapted for children [6,7]. It is important now to determine the 

validity of clinical ratings for the CTSIB items for children. 

 

The Kids-Balance Evaluation Systems Test (Kids-BESTest) is the most comprehensive 

clinical assessment of postural control for children with and without motor disorders 

[6,7]. The Kids-BESTest ‘Sensory Orientation’ domain includes four CTSIB items 

(Firm-Eyes Open (EO), Firm-Eyes Closed (EC), Foam-EO and Foam-EC), with scoring 

criteria reflecting temporal and spatial elements of stance postural control. Temporal 

elements quantify the ability to sustain stance orientation, i.e. either >30s, 1<30s, or 0s. 

Spatial elements quantify balance, i.e. whether the CoM is maintained within the BoS, 

in a ‘stable’ or ‘unstable’ manner. These criteria are valid for rating performance of 

adults with balance disorders using the original BESTest [8]. However, since children, 

particularly those with CP, are more variable in their neurological presentation and have 

immature postural control, valid defining features of ‘unstable’ stance need to be 

verified.  

 

Atypical stance postural control has been demonstrated in children with CP using force 

plates [1,2]. Force plates provide data representing point application of the ground 

reaction force, or center-of-pressure (CoP), which reflects postural torques produced to 

maintain the CoM within the BoS. Center-of-pressure trajectory (representing postural 

sway) is commonly smaller in typically developing (TD) children than children with 

motor disorders such as CP [9]. For example, TD children show less sway with 
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increasing age [10] and when compared to age and gender-matched children with CP 

[11,12]. Reduced stance sway following exercise interventions is also thought to 

indicate improved postural control for children with CP [13]. However, sway amplitude 

alone does not fully represent postural control in standing. For example, children with 

CP with altered sensorimotor control may show variations in CoP path length and/or 

velocity or use of strategies such as crouch or co-contraction during quiet stance [14]. A 

comparison of clinical Kids-BESTest CTSIB scores with a variety of CoP trajectory 

characteristics is needed to verify validity of criteria within this clinical assessment tool.  

 

The aim of this study was to evaluate whether clinical Kids-BESTest criteria for CTSIB 

conditions of standing on firm/foam surfaces with eyes open/closed show: i) face 

validity, by comparing Kids-BESTest scores between children with and without CP; ii) 

concurrent validity, by comparing CTSIB scores obtained using Kids-BESTest clinical 

criteria and CoP derived scores using duration and range data; and iii) content validity, 

by examining relationships between clinical scores and other CoP trajectory variables, 

including velocity, range and area. 

METHODS  

Study Design and Ethics 

This was a psychometric study of validity. Data were collected as part of a larger study 

on postural control performance in children with and without CP. Ethical approval was 

obtained from relevant Human Research Ethics Committees (NHMRC-EC00179 and 

NHMRC-EC00417).  

Participants  

Participants were children aged seven to 18 years with CP or TD. Children with CP 

were recruited from a statewide CP Register and a statewide clinical CP service. 

Children were included in this study if they were: i) diagnosed with hypertonic-type CP, 

ii) able to stand without support (Gross Motor Function Classification System 

[GMFCS] Levels I-III [15]), and iii) able to follow child-friendly test instructions. 

Children were excluded if they had a history of: i) Botulinum Toxin in last three 

months, ii) orthopaedic or neurological surgery in previous 12 months, or iii) 
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intellectual, behavioural, or medical difficulties that may have confounded results, or 

impacted their ability to participate fully in the assessment.  

 

Typically developing children were recruited as community volunteers. Volunteers 

were excluded if they were born preterm (<36 weeks gestation), or if their motor skills 

were not within the typical range (percentile rank >15% on the Bruininks-Osteretsky 

Test of Motor Proficiency 2nd edition short form [16]). Information forms were provided 

to children and their guardians along with a verbal explanation of the protocol. Prior to 

participation, guardians signed a consent form and children signed an assent form.  

Procedure 

For children with CP classification data was collected regarding motor type, GMFCS 

level, Functional Mobility Scale [17] and Manual Ability Classification System [18] 

level. The Kids-BESTest was administered as per the instructions published by Dewar 

and colleagues [7]. The Kids-BEST ‘Sensory Orientation’ domain includes Item 19, 

four CTSIB items, as well as Item 20, standing on an incline board with eyes closed. 

Only Item 19 was evaluated in this study. Item 19 involved children performing the four 

CTSIB conditions in the following order: i) Firm-EO, ii) Firm-EC, iii) Foam-EO and iv) 

Foam-EC. Children stood with their feet together (almost touching) with their hands on 

their hips. Two trials were performed for each condition. Each trial commenced on a 

verbal command ‘Go’ and lasted for a maximum of 30s. Between each trial and each 

condition participants stepped off the force plate and walked a short distance (3m) to a 

mark on the floor and back again. Trials were video-taped according to the Kids-

BESTest protocol [7]. Video data were used to support examination of content validity.  

 

Outcome measures 

CTSIB Clinical scoring (Kids-BESTest) 

Performance was scored clinically using Kids-BESTest criteria (from ‘0=unable’ to 

‘3=30s stable’) (table 1). Being ‘unstable’ is defined in the Kids-BESTest criteria ‘to 

include using leaning or hip strategy’. For each condition, children were scored on the 

first trial to reach 30s, or if 30s was not reached in either trial, then the trial with the 
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longest stance duration. Scores for the four conditions were then summed to give a total 

score out of 12.  

 

CTSIB Laboratory scoring (CoP derived scores) 

Simultaneous to clinical Kids-BESTest scoring, children stood on a force plate (Bertec 

4060 series), which provided data for laboratory validation. Force plate data were 

digitized (16 bit) at a sampling rate of 1000 samples/s using a Power 1401 data 

acquisition system with Spike2 software (Cambridge Electronic Design Limited, 

Cambridge, UK). Force plate data were analyzed with Matlab (R2017a, Matworks Inc., 

Natick, MA, USA). Data were filtered using a second order low-pass bi-directional 

Butterworth filter. Cut-off frequency was set at 20Hz; bi-directional filtering increased 

the order to four. Then, data were decimated to 100 samples/s for CoP in antero-

posterior (AP) and medio-lateral (ML) vectors to be determined.  

 

To examine concurrent validity, CoP data were analysed from the same trial scored for 

the Kids-BESTest. Values for RangeAP and RangeML were calculated from maximum 

CoP excursion in AP and ML directions respectively. Values for TD children for 

RangeAP and RangeML in the baseline condition (Firm-EO) were used as a reference to 

create categorical scores for ‘stable/unstable’ stance for children with and without CP 

for all conditions (See Table 1).  
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Table 1 Criteria for clinical scoring (Kids-BESTest) and laboratory scoring 

(Centre-of-pressure derived scores) 

Score Clinical 

Kids-

BESTest 

criteria 

Laboratory 

Centre-of-Pressure derived scoring 

3 30s 

‘stable’ 

30s, with feet in place on the force plate AND  

RangeAP and RangeML within +/-1.5SD of TD Firm-EO data 

2 30s 

‘unstable’ 

30s, with feet in place on the force plate AND  

RangeAP and/or RangeML outside +/-1.5SD of TD Firm-EO data 

1 <30s 0 < 30s, with feet in place on the force plate 

0 ‘unable’ 0s, with feet in place on the force plate 

RangeAP/RangeML - range from min to max CoP in antero-posterior or medio-lateral 

directions; TD – typically developing; Firm-EO – firm eyes open condition; 'unstable’ – 

‘to include using a leaning or hip strategy’; ‘unable’ – ‘cannot stand unassisted’.  

 

To examine content validity, additional CoP characteristics were examined in AP and 

ML directions. These included:  

1. Velocity (mm/s); mean of the absolute velocity (VelAP, VelML) 

2. Peak velocity (mm/s); maximum of the absolute velocity (PeakVelAP, 

PeakVelML), and  

3. Area (mm2); total space covered by the CoP trajectory (Area) [19].  

Possible correlations were then examined between CoP characteristics and clinical 

Kids-BESTest scores.  

 

Statistical Analysis  

Statistical analyses were performed using Stata statistical software v13.0 (StataCorp, 

College Station, TX, USA). Significance was set at P<0.05. Group characteristics were 
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compared using Student’s t-tests, or chi2 for proportions. Face validity was assessed by 

comparing clinical CTSIB Kids-BESTest scores (total score and score for each 

condition) between children with CP and TD using the Mann-Whitney test.  

 

Concurrent validity was determined by percentage agreement between clinical CTSIB 

Kids-BESTest scores as classified according to Kids-BESTest criteria versus CoP 

derived scores (See Table 1). Percentage exact agreement was interpreted as: excellent 

if >90%, good if >80%, fair if >60% or poor if <60% [6].  

 

Content validity was determined by examining associations between clinical Kids-

BESTest scores (CP/TD) and CoP data for four CTSIB conditions using mixed effects 

linear regression models (See Table 3 and Appendix 1). Group and condition were 

included as fixed effects, along with a group-by-condition interaction term. Participant 

was included as a random effect to account for the non-independence of the four 

condition measures from the same child. Model assumptions were checked including 

normality of residuals and homoscedasticity of variance. 

 

To examine whether CoP data were able to reveal additional information about postural 

control in quiet standing that could improve Kids-BESTest criteria for ‘stable’ versus 

‘unstable’, Spearman rank correlation coefficients (rs) between clinical scores and CoP 

were calculated (See Table 4). Correlations were interpreted as: very high +/-0.90-1.00, 

high +/-0.70 to 0.89, moderate +/-0.50 to 0.69, low +/- 0.30 to 0.49 and negligible +/- 

0.00 to 0.29 [20]. 

 

RESULTS 

Participants  

Families of 62 children responded to the expression of interest, including 21 children 

with CP and 41 TD children. Four children with CP were excluded (n=1 received lower 

limb surgery within 12 months, n=2 had intellectual impairment limiting their 

participation, and n=1 had ataxic CP). Final participants included 58 children aged 7-18 

years, 17 with CP (GMFCS I=11, II=6; Diplegia=4, Hemiplegia=13; 11 males) and 41 
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TD children (See Table 2). There were no differences between groups for age, sex ratio, 

or Body Mass Index.  

 

Table 2 Participant characteristics for children with Cerebral Palsy (CP) and 

typically developing (TD) children. Data is reported as Mean ± SD unless 

otherwise stated. 

 CP Group  
n=17 

TD Group  
n=41 

P-value 

Male [n (%)] 11 (65%) 21 (51%) 0.40 
Age [years] (range)  11.7±2.7  

(7.9-16.9) 
10.9±2.3  

(7.8-17.8) 
0.27 

Body mass index [kg/m2] 18.1±4.5 16.8±3.8 0.29 
Height [cm] 146.1±14.4 150±13.9 0.42 
Weight [kg] 41.1±15.8 38.9±14.6 0.62 
GMFCS1    
 I [n (%)] 11 (65%) N/A  
 II [n (%)] 6 (35%)   
MACS2    
 I [n (%)] 13 (76%) N/A  
 II [n (%)] 4 (24%)   
Motor Distribution 
 Hemiplegia [n (%)] 13 (76%) N/A  
 Diplegia [n (%)] 4 (24%)   
Kids-BESTest3     
 Total score /108  75±14.9 99±5.2 <0.01 
 Median CTSIB4 score /12 (range) 10 (4 to 12) 12 (10 to 12) <0.01 
1GMFCS, Gross Motor Function Classification System; 2MACS, Manual Ability 

Classification System; 3Kids-BESTest, Kids Balance Evaluation Systems Test; 4CTSIB, 

Clinical Test of Sensory Interaction on Balance. 

 

Face Validity  

Typically developing children performed well on the CTSIB, with all scoring 2 or 3 

points for all conditions according to Kids-BESTest criteria. The CP group scored lower 

than the TD group for every condition, with scores ranging from 1-3 points for firm 
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conditions and 0-3 points for foam conditions. Statistically, CP group scores were lower 

than TD group scores for CTSIB Total (CP: median 10/12 points; TD: 12/12 points; 

p=<0.001) and three conditions (Firm-EC, Foam-EO and Foam-EC, all p=<0.001) but 

not Firm-EO (p=0.26). All children with CP maintained balance during the easiest 

condition (Firm-EO) for at least one trial of 30s. However, some children with CP stood 

less than 30s on both trials for Firm-EC (n=1), Foam-EO (n=3) and Foam-EC (n=2). 

Two children with CP were unable to maintain standing balance during the Foam-EC 

condition for any duration .  

 

Concurrent Validity: % Agreement  

Agreement between clinically rated and CoP derived scores for the CTSIB was 

excellent for the most difficult condition (Foam-EC: 94%), good for both firm 

conditions (Firm-EO: 76%; Firm-EC: 76%), but poor for Foam-EO (59%). When 

children received clinical scores of 0 points (‘unable’) or 1 point (<30sec), agreement 

with CoP derived scores was 100%. In contrast, almost all occasions of disagreement 

(94%), occurred when children received a clinically rated score of 3 points (30s, 

‘stable’) but a CoP derived score of 2 points (30s ‘unstable’: due to CoP range being +/-

1.5 SD outside of the TD reference data). 

 

Content validity  

Children with CP demonstrated higher CoP velocity, range and area than TD children 

across all four conditions (table 3), but the variables that differed between groups varied 

for each condition. For the easiest (Firm-EO) and most difficult (Foam-EC) conditions, 

children with CP showed a greater RangeML and Peak VelAP compared to TD children 

(both p<0.05). For the two intermediate conditions, children with CP showed greater 

values for all CoP variables compared to TD children (all p<0.05), except for Firm-EC, 

RangeAP and VelAP, which were not significantly different. 
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Table 3 Median (interquartile range) of CoP data for the four Kids-BESTest CTSIB items for children with cerebral palsy (n=17) 

and typically developing children (n=41). The mean difference, including the 95% confidence interval between groups, is shown for 

each variable and condition. Data and comparisons are based on all children in a group completing a given condition, unless 

otherwise stated.  

 Firm Eyes Open Firm Eyes Closed Foam Eyes Open Foam Eyes Closed 

 TD CP 
Mean diff 

95%CI 
TD CP1 

Mean diff 
95%CI 

TD CP1 
Mean diff 

95%CI 
TD CP2 

Mean diff 
95%CI 

VelAP 

[mm/s] 
9.7 

(7.6, 11.4) 
10.7 

(9.7, 12.1) 
2.9 

-3.7, 9.4 
14.9 

(12.0, 17.2) 
14.8 

(12.8, 18.0) 
4.4  

-2.2, 10.9 
15.3 

(12.2, 17.3) 
21.1  

(18.7, 26.7) 
12.2**     

5.7, 18.7 
32.8  

(27.5, 43.4) 
38.6  

(24.1, 48.1) 
6.0 

-0.8, 12.7 

VelML 

[mm/s] 

9.4 
(8.0, 11.4) 

10.8 
(10.2, 11.0) 

2.9 
-4.5, 10.2 

14.3 
(11.4, 17.8) 

13.8 
(12.5, 16.8) 

7.8* 
0.4, 15.1 

17.2  
(13.8, 20.0) 

23.1  
(19.4, 29.8) 

11.1**     
3.8, 18.5 

34.0  
(28.1, 39.7) 

37.8  
(28.6, 45.4) 

6.4  
-1.2, 13.9 

Peak 
VelAP 

[mm/s] 

76.0 
(54.9, 98.2) 

75.9 
(63.5, 
104.7) 

24.1  
-29.9, 78.2 

95.8 
(78.0, 131.4) 

103.0 
(86.1, 136.0) 

66.6* 
12.5, 120.7 

100.3  
(79.1, 119.3) 

142.3 
(106.1, 
190.3) 

60.2*      
6.1, 114.2 

204.4 
(162.7, 269.6) 

243.9  
(163.4, 335.4) 

61.5* 
5.4, 117.6 

Peak 
VelML 

[mm/s] 

69.0 
(52.3, 82.3) 

75.2 
(56.7, 96.1) 

28.1 
-36.3, 92.5 

101.5 
(90.1, 122.0) 

95.4 
(70.4, 148.8) 

77.8 * 
13.4, 142.2 

107.4  
(85.8, 127.7) 

135.7 
(110.3, 
167.1) 

64.7*        
0.4, 129.1 

209.5 
(164.2, 258.2) 

236.4  
(177.5, 274.9) 

55.6 
-11.0, 122.2 

RangeAP 
[mm] 

24.3 
(20.6, 29.1) 

28.1 
(22.3, 33.2) 

2.8 
-5.7, 11.3 

32.8 
(27.9, 39.3) 

35.6 
(27.8, 43.5) 

6.3 
-2.2, 14.8 

36.3  
(31.5, 44.2) 

45.7  
(36.0, 61.6) 

11.4**      
3.0, 19.9 

61.4  
(54.9, 78.2) 

65.9  
(55.5, 97.9) 

4.4  
-4.3, 13.2 

RangeML 

[mm] 
27.0 

(22.0, 31.7) 
29.3 

(17.7) 
9.7* 

0.4, 18.0 
38.2 

(30.7, 43.0) 
36.9 

(29.3, 59.4) 
10.6* 

2.3, 18.9 
35.9  

(29.1, 44.4) 
47.7  

(39.0, 60.5) 
11.5**       

3.2, 19.8 
63.9  

(53.2, 79.8) 
71.6  

(53.6, 76.5) 
1.7  

-6.9, 10.4 

Area 
[mm2] 

501 
(319, 618) 

631 
(366, 958) 

391 
-200, 982 

937 
(587, 1135) 

719 
(521, 1546) 

679* 
88, 1270 

818 
 (588, 1213) 

1657   
(1068, 
2753) 

1056** 
465, 1647 

2441  
(2050, 3669) 

3038  
(1977, 4690) 

386 
 -225, 996 

Time3[sec]  
Range 

30 
30-30 

30 
30-30 

 30 
30-30 

28          
4-30 

 30 
30-30 

26 
1-30 

 30 
30-30 

24 
0-30 

 

* p<0.05; **p<0.01; 1 = in Firm-EC and Foam-EO, all children with CP were able to complete condition but 15/17 able to complete 30s; 2 = in Foam-EC, 15/17 

children with CP were able to attempt the condition and 13/17 completed 30s; 3 = mean duration of the longest trial available for analysis. Assumptions checked for 

linear regression. 
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When performance on the four CTSIB conditions was compared within a group (See 

Appendix 1), TD children showed a greater CoP RangeAP in the two most difficult 

conditions (Foam-EO/EC, p<0.001) compared to the two easiest conditions (Firm-

EO/EC, p<0.001), but performance did not differ between the two intermediate 

conditions (Firm-EC/Foam-EO, p=0.18). In contrast, for the CP group, CoP RangeAP 

increased with each level of difficulty (Firm-EO/EC, p=0.001; Firm-EC/Foam-EO, 

p=0.02; Foam-EO/EC, p=<0.001 (See Figure 1). 

 
Figure 1 Scatter plots depicting individual participant values for RangeAP (y-axes) 

and RangeML (x-axes) for children with typical development (TD, black squares) 

and children with cerebral palsy (CP, open circles) for the four Kids-BESTest 

CTSIB conditions of A. Firm eyes open (Firm-EO), B. Firm eyes closed (Firm-EC), 

C. Foam-EO and D. Foam-EC. In each diagram, the marked box represents 

baseline condition (Firm-EO) reference data, i.e. 1.5SD from the mean of data for 

TD children for RangeAP and RangeML when assessed under (Firm-EO). 
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Relationship between clinical and laboratory data  

When comparing clinical Kids-BEStest scores with CoP data for TD children, 

negligible associations were seen for the three easiest conditions because almost all TD 

children received a clinical score of 3 points. In contrast, in the Foam-EC condition, TD 

children showed lower clinical scores which were associated with greater CoP velocity, 

excursion and area (See Table 4).  

 

For children with CP, clinical Kids-BESTest scores were significantly correlated with 

CoP data for the two intermediate conditions, Firm-EC and Foam-EO, but not other 

conditions (See Table 4). For Firm-EC, higher clinical scores (0 points n=0, 1 point 

n=2, 2 points n=2, 3 points n=13) were correlated with lower CoP velocity (VelAP rs = -

0.62, p=0.04; PeakVelAP rs = -0.51, p=0.04) and smaller CoP excursion (RangeAP rs = -

0.72, p=0.00; Area rs =  -0.54, p=0.02). For Foam-EO, higher clinical scores (0 points 

n=1, 1 point n=2, 2 points n=5, 3 points n=9) were correlated again with lower CoP 

velocity (VelAP rs =  -0.50, p=0.04).  
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Table 4 Results of Spearman’s correlations (rs) between clinical Kids-BESTest 

scores and CoP data for four CTSIB conditions for children with CP, and one 

condition (Foam-EO) for TD children. Remaining data for Firm-EO, Firm-EC and 

Foam-EO for TD children is not provided because a ceiling effect in clinical scores 

produced no significant associations with CoP data. 

 

Firm-EO  Firm-EC  Foam-EO  Foam-EC 

 CP CP CP CP TD 

Centre-of-Pressure  (n=17) (n=17) (n=17) (n=151) (n=41) 

VelAP[mm/s] 

[p-value] 

-0.41 

[0.10] 

-0.62 

[<0.01] 

-0.50 

[0.04] 

-0.27 

[0.27] 

-0.62  

[<0.01] 

VelML[mm/s] 

[p-value] 

-0.41 

[0.10] 

-0.42 

[0.09] 

-0.36 

[0.15] 

-0.22 

[0.39] 

0.42  

[<0.01] 

Peak VelAP[mm/s] 

[p-value] 

-0.41 

[0.10] 

-0.51 

[0.04] 

-0.36 

[0.16] 

-0.09 

[0.72] 

-0.48  

[<0.01] 

Peak VelML[mm/s] 

[p-value] 

-0.36 

[0.10] 

-0.42 

[0.09] 

-0.42 

[0.10] 

-0.06 

[0.83] 

-0.49  

[<0.01] 

RangeAP[mm] 

[p-value] 

-0.41 

[0.10] 

-0.72 

[<0.01] 

-0.13 

[0.62] 

0 

[0.85] 

-0.59  

[<0.01] 

RangeML[mm] 

[p-value] 

-0.41 

[0.10] 

-0.4 

[0.12] 

-0.17 

[0.52] 

0.25 

[0.33] 

-0.44 

[<0.01] 

Area[mm2] 

[p-value] 

-0.41 

[0.10] 

-0.54 

[0.02] 

-0.42 

[0.09] 

-0.2 

[0.28] 

-0.51  

[<0.01] 

EO, eyes open; EC, eyes closed; CP, cerebral palsy; TD typically developing; Vel, 

velocity; AP, antero-posterior; ML, medio-lateral; 1n=15 in this condition as 2 

children with CP were unable to stand on foam with eyes closed. 
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In the most difficult condition, Foam-EC (0 points n=2, 1 point n=2, 2 points n=11, 3 

points n=2), visual inspection of CoP trajectory plots showed that children with CP 

demonstrated a range of atypical control strategies indicative of experiencing difficulty 

with maintaining stance, including: loss of control (large amplitude with shortened 

duration); asymmetrical leaning (asymmetrical trajectory), or overly constrained control 

(atypically small trajectory [<1.5SD from reference data]) (See Figure 2). Strategies 

used by children with CP were further examined using Kids-BESTest video footage, to 

confirm five common strategies: (A) aligned - using an effective ankle strategy, (N) not 

aligned - leaning laterally (towards one side) or forward (using a hip strategy); (C) 

constraint – using sustained crouch; (V) variable – alternating between strategies, e.g. 

ankle and/or hip and/or crouch; or (F) step or fall (See Figure 2). 

 

 
1. Aligned (A)      2. Not Aligned (N)      3. Constraint (C)           4. Variable (V)         5. Fall (F) 

 

Figure 2 Example data for children performing the most difficult Foam-EC 

condition, incorporating images from Kids-BESTest video footage with associated 

CoP traces. This data illustrates the five common balance strategies observed for 

children with CP, including: A = ‘aligned’ (using effective ankle strategy), N = ‘not 

aligned’ (leaning laterally [towards one side - depicted], or forward [using a hip 

strategy]); C = constraint strategy (use of sustained crouch); V = variable strategy 

(alternating between strategies ankle and/or hip strategy and/or crouch); and F = 

step or fall (large amplitude with short duration). 
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Discussion  

This is the first validity study for the CTSIB using Kids-BESTest clinical criteria for 

children with and without CP. The study confirmed face validity and partially supported 

concurrent and content validity of the Kids-BESTest clinical criteria. Face validity was 

demonstrated as children with CP scored lower Kids-BESTest scores than TD children. 

Concurrent validity was partially demonstrated by good to excellent agreement between 

clinical and CoP derived scores for all stance conditions, except Foam-EO, which had 

poor agreement between scores. Content validity was partially supported, since clinical 

scores correlated well with CoP variables for the two intermediate conditions, Firm-EC 

and Foam-EO, but not with Firm-EO or Foam-EC. Data showed a ceiling effect in some 

items for TD children and that children with CP use a variety of atypical balance 

strategies when struggling with standing balance. In response to the variety of balance 

strategies observed, additional Kids-BESTest criteria descriptors are proposed to 

describe variations in ‘unstable’ postural control when performing the CTSIB.  

 

Face validity was demonstrated for Kids-BESTest Item #19 criteria for children with 

CP, as they obtained lower CTSIB Total and Item (condition) scores than TD children. 

This shows that overall, the Kids-BESTest criteria can identify atypical postural control, 

at least at a screening level. More information on atypical balance strategies may be 

needed to guide treatment as outlined below.  

 

For concurrent validity, the level of agreement between clinically rated and CoP derived 

scores varied according to CTSIB condition difficulty. Agreement was highest for the 

most difficult condition (Foam-EC) because fewer children completed 30s of the task, 

automatically scoring 1 point (<30 sec) or 0 points (‘unable’) irrespective of atypical 

balance strategy used. Agreement was slightly lower for firm conditions. In both 

conditions, all TD children and most children with CP showed minimal sway (scoring 3 

points clinically), which was easy to detect using CoP data. However, some children 

with CP scored 3 points clinically (‘stable’, i.e. not moving), but only 2 points based on 

CoP data because they used an atypical crouch strategy. Crouch stance produced an 

atypically small CoP trajectory (<1.5SD from the reference data mean), but 
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performance could not be scored down against the clinical criteria for ‘unstable’, which 

only included ‘leaning or hip strategy’. Agreement was lowest for the Foam-EC 

condition due to a combination of more frequent use of a crouch strategy (incorrect 

clinical rating), or asymmetrical leaning to the hemiplegic side (incorrect CoP derived 

rating due to normal CoP range). This again highlighted the difficulty in applying Kids-

BESTest criteria for ‘unstable’ for children with CP. 

 

No other study has evaluated Kids-BESTest CTSIB criteria. However, a previous 

examination of Peadiatric-CTSIB criteria using pooled data from children with TD or 

CP, reported excellent reliability for head sway amplitude when comparing clinical 

ratings versus motion analysis scores [21]. This agreement is expected given the ease in 

observing head sway clinically. However, head motion alone would not have identified 

all instances of atypical stance control. The study authors confirmed this, suggesting the 

measure had only ‘acceptable levels to detect immature movement strategies’ when 

attempting to maintain stance. 

 

Content validity analysis revealed that the CTSIB provides an incremental challenge for 

children with CP and that this population uses a range of stance control strategies under 

postural challenge. Although moderate correlations have been shown between another 

method of CTSIB clinical scoring and CoP data in a study involving children TD 7-12 

years [22], this is the first comparison for children with CP involving individual Kids-

BESTest ratings. For children with CP, the easiest condition (Firm-EO) showed limited 

relationships with other CoP variables due to a ceiling effect in the clinical score (all TD 

and 16/17 children with CP scoring 3 points). Clinically, this suggests that Firm-EO is a 

good reference condition, but it is unlikely to discriminate atypical performance when 

used alone for ambulant children with CP. For the most difficult condition (Foam-EC) 

children with CP used multiple compensatory strategies as outlined above, which 

resulted in negligible correlations with CoP data, and emphasized the need for a boarder 

range of ‘unsable’ descriptors. The strongest correlations between clinical ratings and 

CoP data for children with CP occurred in the two intermediate conditions. Differences 

between children in clinical ratings was highest for these conditions, which led to strong 

correlations with CoP data for velocity (Firm-EC and Foam-EO) or CoP excursion 
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(Firm-EC). When considered alongside only moderate (Firm-EC) or poor (Foam-EO) 

agreement between clinical Kids-BESTest ratings and corresponding data for CoP 

range, this emphasizes the need to expand Kids-BEStest descriptors to reflect atypical 

balance strategies associated with deficits in other CoP dimensions. 

 

Children with CP in our study demonstrated a range of atypical balance strategies when 

struggling to maintain stance. This finding is supported by previous studies of stance 

postural control in children with CP [14] [23]. We also found that clinical Kids-BEStest 

criteria of ‘unstable’ did not clearly encompass some strategies (e.g. crouch, or variable 

strategies), and that CoP range data alone could not always distinguish between 

strategies without clinical video review (e.g. crouch versus ‘stable’ stance). We 

therefore propose descriptors for five common strategies to improve scoring of the 

CTSIB when using the Kids-BESTest. These including one ‘stable’ strategy: (A) 

aligned - using an effective ankle strategy, and four ‘unstable’ strategies: (N) not 

aligned - leaning laterally or forward (hip strategy); (C) constraint – using crouch; (V) 

variable – alternating ankle and/or hip and/or crouch strategies; and (F) step or fall. 

(appendix 2). 

Strengths, limitations and future directions for research 

This was the first comprehensive validity study for the CTSIB using Kids-BESTest 

clinical criteria for children with and without CP. Limitations were: the motor type 

(hypertonia only) and distribution (unilateral and bilateral) of children with CP and the 

wide range of ages (7-18 years). Although this population is similar to those in previous 

studies on postural control in CP, and it provided an opportunity to explore face, 

concurrent and content validity with a wide range of performance profiles. Future 

studies with subgroups according to age, motor type and distribution are recommended. 

In addition, future research could explore other tasks (e.g. sitting) and include additional 

outcome measures for postural control (e.g. kinematics), to augment information we 

have reported from force plate data in standing.  

 

CONCLUSION 
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The results of this study support face validity of the clinical Kids-BESTest CTSIB 

criteria to identify atypical postural control in children with CP. Concurrent validity and 

content validity were partially supported, since children with CP resorted to a range of 

different balance strategies when ‘unstable’, not just ‘leaning or hip strategy’ as 

currently available in the Kids-BEStest. To improve clinical utility and reliability of the 

CTSIB items in the Kids-BESTest, our data supports inclusion of five criteria 

descriptors to help discriminate performance of children who are ‘stable’ versus 

‘unstable’. 
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Appendix 1 Results of mixed effects multiple regressions for four conditions of the CTSIB for children with TD and CP 

 Firm Eyes Open vs 
Firm Eyes Closed 

Firm Eyes Open vs 
Foam Eyes Open 

Firm Eyes Open vs 
Foam Eyes Closed 

Firm Eyes Closed vs 
Foam Eyes Open 

Firm Eyes Closed vs 
Foam Eyes Closed 

Foam Eyes Open vs 
Foam Eyes Closed 

 MD (95%CI);  
P-value 

MD (95%CI);  
P-value 

MD (95%CI);  
P-value 

MD (95%CI);  
P-value 

MD (95%CI);  
P-value 

MD (95%CI);  
P-value 

RangeAP       
Typically 
Developing 

8.3 (3.7, 12.9); 
<0.001 

11.4 (6.8, 16.0); 
<0.001 

40.3 (35.7, 44.9); 
<0.001 

3.1 (7.7, -1.5);  
0.18 

32.0 (27.5, 36.6); 
<0.001 

28.9 (24.3, 33.5); 
<0.001 

Cerebral Palsy 11.8 (4.6, 18.9); 
0.001 

20.0 (12.9, 27.1); 
<0.001 

44.8 (36.0, 53.5); 
<0.001 

8.2 (15.4, 1.1);  
0.02 

30.2 (22.7, 37.6); 
<0.001 

21.6 (10.3, 32.9); 
<0.001 

RangeML       
Typically 
Developing 

9.7 (4.6, 14.8); 
<0.001 

9.4 (4.3, 14.5) 
<0.001 

40.0 (34.9, 45.1); 
<0.001 

-0.3 (-5.4, 4.8);  
0.91 

30.3 (25.2, 35.4); 
<0.001 

30.6 (25.5,35.7); 
<0.001 

Cerebral Palsy 10.6 (2.7, 18.5); 
0.009 

11.2 (3.3, 19.1), 
0.005 

41.4 (33.1, 50.4); 
<0.001 

0.6 (-7.3, 8.5);  
0.88 

21.5 (13.2, 29.7); 
<0.001 

21.8 (10.07, 33.5); 
<0.001 

PeakVelAP       
Typically 
Developing 

31.6 (-2.7, 65.9); 
0.071 

25.5 (-8.7, 59.8); 
0.144 

149.8 (115.5, 184.0); 
<0.001 

-6.1 (-40.3, 28.2); 
<0.727 

124 (90.0, 158.5); 
<0.001 

124.3 (90.0, 158.5); 
<0.001 

Cerebral Palsy 74.1 (20.9, 127.3); 
0.006 

61.6 (8.4, 114.8); 
0.023 

211.3 (155.2, 267.4); 
<0.001 

-12.5 (-65.8, 40.65); 
0.644 

113.1 (57.8, 168.4); 
<0.001 

111.7 (34.4, 189.0); 
0.005 

PeakVelML       
Typically 
Developing 

40.2 (1.78, 78.7); 
0.04 

42.7 (4.3, 81.1); 
0.029 

158.0 (119.6, 196.5); 
<0.001 

2.5 (-35.9, 40.9);  
0.899 

117.8 (79.4, 156.2); 
<0.001 

115.3 (76.9, 153.7); 
<0.001 

Cerebral Palsy 90.0 (30.3, 149.7); 
0.003 

79.3 (19.7, 139.1); 
0.009 

213.6 (147.0, 280.2); 
<0.001 

-10.6 (-70.3, 49.1); 
0.728 

95.6 (33.5, 157.6); 
0.003 

80.9 (-8.5, 170.4);  
0.076 

VelAP       
Typically 
Developing 

5.3 (1.5, 9.2);  
0.007 

5.2 (1.4, 9.1);  
0.008 

26.6 (22.7, 30.4); 
<0.001 

-0.1 (-3.9, 3.8);  
0.966 

21.3 (17.4, 25.1); 
<0.001 

21.3 (17.5, 25.2); 
<0.001 

Cerebral Palsy 6.8 (0.9, 12.8);  
0.025 

14.6 (8.6, 20.6); 
<0.001 

32.5 (25.8, 39.3); 
<0.001 

7.8 (1.9, 13.7);  
0.011 

22.8 (16.6, 29.1); 
<0.001 

20.5 (11.4, 29.5); 
<0.001 

VelML       
Typically 
Developing 

5.3 (1.5, 9.1); 
0.007 

7.7 (3.8, 11.5); 
<0.001 

27.1 (23.3, 30.9); 
<0.001 

2.4 (-1.5, 6.2);  
0.227 

21.8 (18.0, 25.6); 
<0.001 

19.4 (15.6, 23.3); 
<0.001 

Cerebral Palsy 10.2 (4.2, 16.1); 
0.001 

15.9 (10.0, 21.9); 
<0.001 

33.5 (25.9, 41.0) 5.8 (-0.02, 11.7);  
0.06 

20.4 (14.2, 26.6); 
<0.001 

15.6 (6.0, 25.3);  
0.001 

Area       
Typically 
Developing 

400.8 (58.9, 742.7); 
0.022 

417.5 (75.6, 759.5); 
0.017 

2385.8 (2043.8, 
2727.7); <0.001 

16.7 (-325.2, 358.6); 
0.924 

1984 (1643.0, 
2326.9); <0.001 

1968.2 (1626.3, 
2310.2); <0.001 

Cerebral Palsy 689.2 (158.2, 
1220.8); 0.011 

1083.0 (551.9, 
1614.0); <0.001 

2771.5 (2161.4, 
3381.6); <0.001 

393.7 (-137.3, 924.8); 
0.146 

1691.5 (1139.1, 
2243.9); <0.001 

1664.8 (855.9, 2473.6); 
<0.001 
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Appendix 2 additional scoring criteria for Item 19 in the Kids-BESTest 

SENSORY INTEGRATION FOR BALANCE (MODIFIED 
CTSIB) 

Examiner Instructions Child Instructions 
Do the tests in order. Record the time the child 
was able to stand in each condition to a 
maximum of 30 seconds. Repeat condition if not 
able to stand for 30 s and record both trials 
(average for category). Use medium density 
Temper® foam, 4 inches thick. Assist the child 
in stepping onto foam. Have the child step off the 
foam between trials. When assessing these items 
you must consider strategy used to maintain 
stability, alignment and sway.  

For the next 4 
assessments, you’ll 
either be standing on 
this foam or on the 
normal ground, with 
your eyes open or with 
this eye mask in place. 
Place your hands on 
your hips. Place your 
feet together until 
almost touching. Look 
straight ahead. Each 
time, stay as quiet as 
possible until I say 
stop. 
 

Scoring Instructions  
0 (U) 1 (F) 2 (N) 2 (C) 2 (V) 3 (A) 
Unable  Step or fall Not aligned Constrained Variable Aligned 
Unable to 
achieve 
stability or 
alignment to 
stand alone  

Stands for 
less than 
30s, takes 
a step or 
falls. 
 

Leaning 
laterally (to 
one leg) or 
forwards 
(hip 
strategy)  

Use of 
crouch  
or co-
contraction 
 

Mixed use 
of hip 
and/or arm 
strategy 
and/or 
crouch  

Typical 
ankle 
strategy 
 

No alignment 
achieved 

Alignment 
unstable 

Alignment 
asymmetric 

Alignment 
stable, but 
atypical 

Alignment 
variable 

Alignment 
stable, and 
typical 

No sway 
achieved. 
Unable to 
attain COM 
over BOS. 

Maximal  
sway with 
loss of 
COM over 
BOS 
(exceeds 
limits of 
stability) 

Asymmetric 
sway to 
maintain 
COM near 
border of 
BOS  
(near limits 
of stability) 

Mild 
sway to 
sustain 
COM over 
BOS  
(held rigid 
within limits 
of stability) 

Variable 
sway to 
sustain or 
regain COM 
over BOS 
(movement 
within limits 
of stability) 

Minimal 
sway to 
sustain 
COM over 
BOS 
(flexible 
within limits 
of stability) 
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